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reword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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procedures used to develop this document and those intended for its further maint
cribed in the ISO/IEC Directives, Part 1. In particular, the different approval criteriamee
brent types of ISO documents should be noted. This document was drafted in accordan
orial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

bntion is drawn to the possibility that some of the elements of this document may be the
ent rights. ISO shall not be held responsible for identifying any or all such-patent rightg
patent rights identified during the development of the document will.bée“in the Introduct
he ISO list of patent declarations received (see www.iso.org/patents}):
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5 document was prepared by Technical Committee ISO/TC 150, Implants for surgery, Sub
, Cardiovascular implants and extracorporeal systems, in collaboration with the European

btandardization (CEN) Technical Committee CEN/TC 285, Non-active surgical implants, in

h the Agreement on technical cooperation between ISO and CEN (Vienna Agreement).

5 third edition cancels and replaces the second edition (ISO 25539-2:2012), which

main changes compayéd-to the previous edition are updates to the testing and clin
Cular stents as well asimproved consistency in nomenclature and reporting requirement

5t of all parts in the.ISO 25539 series can be found on the ISO website.

feedback or{guéstions on this document should be directed to the user’s national standa
plete listing of these bodies can be found at www.iso.org/members.html.
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Introduction

This document was prepared to provide minimum requirements for vascular stents. The rationale
for the requirements for bench tests and analyses to assess device performance, guidance on the
identification of appropriate testing to evaluate a specific device design, and guidance for developing
test methods are provided in informative annexes. Further clarification of terminology is provided in
additional informative annexes.

This document has been updated to reflect current knowledge regarding the testing and clinical use of
vascular stents, reflected in modifications to the requirements in the main body and in the guidance for
developing test methods in Annex D. In addition, revisions have been made to improve consistencly in
nomenclatfire and reporting and to enhance the utility of this document.

Requirements particular to the evaluation of specific characteristics of stents (e.g. coatings, dyug-
elution, abgsorption) are incorporated by reference to appropriate standards. However,/riot all tests
listed in the referenced standards are applicable to vascular stents. Only tests that address the degign
attributes $pecified in Clause 6 are required for compliance to this document.

This revised document introduces methodology to identify appropriate testing and analyses for a
specific vascular stent, designated as the device evaluation strategy. The requirement regarding|the
device evajuation strategy is in the main body. Annex A provides guidance for developing a focysed
device evaluation strategy table that is specific to the unique charactetistics of a device, device design
modificatigns, or changes in intended use. Annex A also provides-guidance for the development pf a
compreher]sive device evaluation strategy table that may be used\when it is not sufficient to focus ¢nly
on the unique characteristics or changes.

NOTE ISO 25539-1:2017 includes tables that can be used.tQ“justify the testing needed for device defign
modificatiops and changes in intended use in Annex A. In thisidocument, this concept is called a focused device
evaluation dtrategy table and can be applied to a new devicgzas well as device design modifications or changgs in
the intendedl use.

The other fignificant modifications in the requirements include the addition of non-radial durabllity
testing, with guidance on the selection of appropriate testing, and specific requirements for tesfing
to evaluatq patency-related characteristics:-Guidance for the development of appropriate tests to nmieet
these requjrements is included in Anne%.D:

The guidaimce on the developmentof-methods to address the requirement for evaluating fatigue pnd
durability through computationalanalyses has been modified significantly to include recommendatjons
regarding yerification of the soelution and validation of the computational model, as well as reportling.
The guidahce on the modelydevelopment for simulated use has also been significantly revised to
improve thle clinical releyance of this testing.

The specific requiremeénts to evaluate pushability, flexibility, torquability, trackability, and deploynjent
accuracy of a stent'system have been removed and incorporated within the simulated use evaluafion
requiremeht te bétter reflect how these attributes are evaluated. Similarly, the requirement to evaljate
tubing tenkile, strength has been removed and incorporated within the evaluation of tensile bjond
strength.

In addition to modifications to specific design evaluation requirements, guidance has been provided
regarding the assessment of the acceptability of test results. When the requirement is to quantitatively
appraise or analyse a parameter, test results generally may be compared to a quantitative value (i.e.
acceptance criteria). For characterization tests it is appropriate to provide an explanation of the
relevance of the results. Additionally, some testing may include comparison to test data or existing data
from a previously evaluated device.

For design evaluation, requirements regarding sampling, conditioning of test samples, and reporting
have been incorporated in the main body. Guidance on these elements of testing and documentation
were previously only included in Annex D.
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The revisions to the annexes to this document are as follows:

Annex of ISO 25539-2:2012

Revision

Annex A — Attributes of endovascular devic-
es — Vascular stents — Technical and clinical
considerations

Annex A now includes the relationship between testing

requirements, device attributes, and potential fai

modes and guidance for the creation of a device evaluation

strategy.

lure

Annex B — Bench and analytical tests

The list of tests is included in Table D.1.

Annex B now includes a description of potential ¢

effects of failure. Effects of failure for stents used with end-

linical

ovascular prostheses are included.

Annex C — Definitions of reportable clinical
events

The term “reportable” clinical events is no lenger
this document.

Annex C now includes a description of potential d
effects of failure. Effects of failure for-stents used
ovascular prostheses are included.

used in

evice
with end-

Anpex D — Test methods

This edition incorporates the sample equations a|

5 a supple-

ment to the radial fatigue-durability test from IS¢ 25539-
2:2012, Annex E in Annex.D.
Annex E — Supplement to the radial fatigue and |There is no longer anAnnex E as the sample equdtions as a
durjability test analytical approach supplement to the\fatigue durability test have be¢n incorpo-

rated in AnnexD.

Itis]

in dinical use. This update is not intended to requireadditional evaluation of these device{

recognized by this ISO committee that many stent systems have been shown to be safe and effective

to remain

in gompliance with this document as the testing wduld not provide useful information regarding the

expected clinical performance of the device. Manufacturers may rely on historical data gath
guidance of the previous edition of ISO 25539-2. Similarly, for device modifications or
intgnded clinical use, this update is not intended to require additional evaluation of any asy
devijice that are not expected to change clinical performance.

the

NOTE

proyided in Clause A.1. Clause A.1 also”provides general information regarding device evaluatio
Tables A.2 and A.3 provide the ratienale for the requirements specified in this document for ben
yses to assess device perfofmance. An explanation of the table headings for A.2 and A.3 are

ana
Table A.1.

cre
Cco

>

>

The relationship between testing requirements, device attributes, and potential failu
1 strategies.

nnlex B providésta description of the potential clinical effects of failure identified in Annex A.

nnex C provides a description of the potential device effects of failure identified in Annex A.

ered under
changes in
ects of the

rfe modes is

h tests and
escribed in

te a device-specific.evaluation strategy are provided: 1) focused device evaluation strategy in A.2.1; and 2)

GuHance for the creatiofn-o0f'a device-specific evaluation strategy is provided in Clause A.2. Two approaches to
prehensive device €valuation strategy in A.2.2.

Addjitignal descriptions of clinical and device effects of failure are included in Annexes B and C, respqctively.

Annex D provides information to consider in developing appropriate bench test and analytical methods.
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Cardiovascular implants — Endovascular devices —

Part 2:

Vascular stents

1
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stent configurations (e.g. bifurcation stents) areiwithin the scope, but comprehensive requirsg

test

Scope

5 document specifies requirements for the evaluation of stent systems (vascular stents a
ems) and requirements with respect to nomenclature, design attributes and informatig

methods is included in Annex D. This document is supplemental to [SQ. 14630, whic
eral requirements for the performance of non-active surgical implants,

E1 Due to the variations in the design of implants covered by this deeument, and in some
bmergence of novel types of such implants, acceptable standardized in Vitro tests and clinical res
hys available. As further scientific and clinical data become available;appropriate revision of th
be necessary.

5 document is applicable to vascular stents and vasScular scaffolds (e.g. absorbabl
folds) used to treat vascular stenoses or other vascular abnormalities or pathologie
requirements are specific to endovascular treatment of arterial stenoses. Although us
ems other than treatment of arterial stenoses(e:g. venous stenting) are within the sd
ument, comprehensive requirements and testihgare not described for these uses. Simila

ing are not described for these devices.

end
the
eva

Vas
Sco
unc

stemt design or intended use might dictate the need to address functional requirements ic

bot

stepts used.fo)treat aortic aneurysms).

Bal

Stent
inc;rlding bridging stents (e.g. stents.placed in the renal arteries after deployment of a fenestrated

s used in combination with an epndevascular prosthesis to complete the treatment
ovascular prosthesis), are within-the scope of this document, but test methods are not d¢

combination. ISO 25539-1 also provides information relevant to the preclinical in vivo 4
uations of such stents.

cular stents that haveysurface modifications, such as drug and/or other coatings, are
pvered stent (e.g<by covering the stent-free-surface area) are within the scope of ISO 25

n [SO 25539-1 and this document (e.g. stents used in combination with endovascular |}

nd delivery
n supplied

he manufacturer, based upon current medical knowledge. Guidance for the developmenk of in vitro

h specifies

ases due to
ults are not
s document

e vascular
s. Some of
es of stent
ope of this
ly, specific
bments and

bf a lesion,

scribed for
nd clinical

within the

be of this document-Stents covered with materials that significantly modify the permealility of the

539-1. The
entified in
brostheses,

oons \integral to the stent system are within the scope of this document. This docume

req

1irements beyond the requirements of ISO 10555-4, which are specific to the use of ba

Tt provides

loons with

vascular stents.

This document is not applicable to procedures and devices used prior to the introduction of the vascular
stent, such as balloon angioplasty devices.

Tacking devices intended to spot treat post-angioplasty dissections, coil supporting devices, and flow
diverters are within the scope of this document, but comprehensive requirements and testing are not
described for these devices.

Although drug-eluting stents are within the scope of this document, this document is not comprehensive
with respect to the drug-eluting properties of these devices.

NOTE 2

©IS

Vascular device-drug combination products are within the scope of ISO 12417-1.
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Although absorbable stents and stents with absorbable coatings are within the scope of this document,
this document is not comprehensive with respect to the absorbable properties of these devices.

NOTE3  Absorbable implants are within the scope of ISO/TS 17137.

Although coated stents and coated stent systems are within the scope of this document, this document
is not comprehensive with respect to coatings.

NOTE4  Some coating properties are within the scope of ISO 17327-1.

This document does not address the requirements for, and the evaluation of, viable tissues and non-
Viab]e biolnn:n vaatarialc o d 3t n S o s o AL e oo

13
Sic HatCT oS aSTU T CIrrc  COTTS T ot tIoTT O v asTuTar StCIItS:

2 Norm

The followj
constitutes
undated r¢

ISO 10993
risk manag

ISO 11135,

ative references

ing documents are referred to in the text in such a way that some or all-6f)their con
requirements of this document. For dated references, only the edition(cited applies.

(all parts), Biological evaluation of medical devices — Part 1: Evaluation and testing with
ement process

Sterilization of health-care products — Ethylene oxide — Réquirements for the developm

validation @nd routine control of a sterilization process for medical devices

ISO 11137

ISO 11607
sterile barn

ISO 13485

ISO 14160,
devices util
validation ¢

ISO 14630,

SO 14937,
agent and t

[SO 14971,
[SO 17665+

(all parts), Sterilization of health care products — Radiation

1, Packaging for terminally sterilized medical devices — Part 1: Requirements for mater
ier systems and packaging systems

Medical devices — Quality management systems — Requirements for regulatory purposes

Sterilization of health care products <+ Liquid chemical sterilizing agents for single-use meg
izing animal tissues and their derivatives — Requirements for characterization, developm
yind routine control of a sterilization process for medical devices

Non-active surgical implants=— General requirements

Sterilization of health care’products — General requirements for characterization of a sterili
he development, validation and routine control of a sterilization process for medical devices

Medical devices<=/Application of risk management to medical devices

1, Sterilization of health care products — Moist heat — Part 1: Requirements for the developm

validation gnd routine)control of a sterilization process for medical devices

ASTM F25
Resonance

)3,/Standard Practice for Marking Medical Devices and Other Items for Safety in the Magn
Frnvironment

fent
For

ferences, the latest edition of the referenced document (including any amiendments) applies.

in a

ent,

fals,

ical
ent,

ving

ent,

etic

3 Term

s and definitions

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

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

ISO Online browsing platform: available at https://www.iso.org/obp

[EC Electropedia: available at http://www.electropedia.org/
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adverse event
unfavorable change in health that occurs in a subject who participates in a study while receiving the
treatment or within a specified time after receiving treatment

Note 1 to entry: For the purpose of this document, clinical effects of failure are a subset of adverse events and are
described separately.

Note 2 to entry: Adverse events are categorized by the system affected (e.g. cardiac, vascular, respiratory,
neurological, renal, gastro-intestinal) and the severity of the event.

(3.22.9)

h substrate

3.2

post-dilation

uselof a balloon to facilitate the complete deployment (or expansion) of a self-expanding. stént
3.3

brigiging stent

vasgular stent used in combination with an endovascular prosthesis to completéthe treatment of a lesion
Note¢ 1 to entry: See 3.22 for vascular stent.

3.4

clirfical effect of failure

sperific clinical observations potentially associated with devige failures

Note 1 to entry: Clinical effects of failure are described in Anne.B.

3.5

coating

addiitional layer of organic or inorganic materialgother than living cells, on the surface of
that modifies its surface properties

Notg¢ 1 to entry: This coating can be intended*to’be permanent or temporary and can be applied to

and

3.5

or internal surface.

1

absorbable coating

coa
Not

3.6
del
Sys

Not
ball

Fing (3.5) that is intendedto 'be absorbed

e 1 to entry: Drugs are excluded from this definition of absorbable coatings.

very system
em or mechafrism used to deliver the stent to the targeted position and to deploy the ste

e 1 to entry: The delivery system is removed after stent placement. Examples of delivery syst|
bon catheters or mechanically activated systems.

he external

nt

ems include

3.7

determine

app

raise or analyse quantitatively

Note 1 to entry: Also see evaluate (3.14).

3.8

device effects of failure
consequence to the device potentially associated with device failures

Note 1 to entry: Device effects of failure are described in Annex C.
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39

device evaluation strategy
rationale for the testing selected for a specific stent system, based on the requirements of the device

design and

3.10

potential failure modes

comprehensive device evaluation strategy table
optional communication tool to present the device evaluation strategy for a specific stent system that
addresses all attributes and failure modes (3.15)

3.11

focused de¢vice evaluation strategy table

optional cqmmunication tool to present the device evaluation strategy for a specific stent systent
focuses on| the unique characteristics of the device design or procedure and unique aspects of
intended upe

3.12

dogbonin
dumbbell-s
dilated ste

3.13
drug
active phal
a raw mat
device fun
(e.g. tablet

haped balloon observed when the unconstrained ends of the balloon‘€xpand beyond
t outer diameter

Fmaceutical ingredient [pharmacologically active (drugyer medicinal) substance usec
erial, which is coated on, bound to, or incorporated into‘the device to achieve an ancil
'tion (e.g. minimizing vascular restenosis)] in its finalform for administration to the pat
solution, spray), that is intended to prevent, diagnose, or treat disease and that achieve

principal iftended action in or on the body by pharmacological, immunological, or metabolic means

3.14
evaluate
qualitative

|y appraise or analyse

Note 1 to enftry: Also see determine (3.7).

3.15
failure mdg

de

that
the

the

| as
ary
ient
b its

difficulty ¢r failure of the stent system that can be encountered (hazards) in preclinical in vivg or

clinical use

3.16

of a vascular stent and could result in consequences (harm) to the subject

nominal diameter

primary la

3.17
rated burg

belled diameter of the stent

t pressure

RBP

pressure at winich a balloon would not be expected to burst based on appropriate contidence and

reliability
3.18

stent configuration
stent shape and geometry

Note 1 to entry: Examples include cylindrical, tapered, flared, coiled, segmented, bifurcated, articulated, closed
cell, open cell.
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3.19
stent outer surface area
maximum contact area between the stent and the vessel

Note 1 to entry: Although the entire stent may not contact the vessel wall depending on the conformance to the

vessel wall and the intended clinical use (e.g. for treatment of aneurysms), the stent outer surface
include the maximum potential area along the entire length of the stent.

3.20
stent-free surface area
percentage of surface area of cylinder formed by the implant frame, which is not covered

area would

by implant

maferial

3.2
stent system
vasgular stent and its delivery system (3.6)

Notg¢ 1 to entry: If a stent is to be mounted on a delivery balloon, as specified in the'instructions fd
the |palloon catheter is not considered part of the stent system with respect téthe design requiy
evaluation specified in this document, with the exception of the simulated use] in vivo animal, and c
reqlirements. The balloon catheter would be part of the stent system for testing that evaluates th
whdre the stent system is needed to conduct the testing.

3.2

vasgcular stent

vasjcular scaffold

stent

implant

trapsluminally placed balloon-expandable or self:expanding implant intended to maintain
vess$el patency or function

Notg 1 to entry: Stents can have surface modifieations, such as drug and/or other coatings.

Notg 2 to entry: The requirements of this document include vascular stents and vascular scaffolds (e.g
vasqular scaffolds) and both are covered by the term stent for simplicity.

Not¢ 3 to entry: The following stenfitypes are within the scope of this document.

3.2p1
abTrbable stent
stent that is designed.te-be a temporary structure without requiring explantation

3.2R.2
artjculated stent
stent constracted of segments with distinct connections

3.22.3
balloon-expandable stent

r use (IFU),
ements and
inical study
e stent only

or restore

absorbable

t 4+ 1. +la d3 s 3 3 d_E£. 1k < ] | 5 4 ibadl 1 < 3 14
S ell\, VVIICTT U LIIC UIdITITLTT 15 ITICICTAdoCU TTUIIT IS PIC UCPIU)’CU OILT LU IO ucylu_ycu OILT VVILI

a balloon

3.22.4
bare stent
stent without a coating or covering

Note 1 to entry: Bare stents can be constructed of a single or multiple materials.

Note 2 to entry: Bare stents can contain a metal oxide layer.

© IS0 2020 - All rights reserved
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3.22.5
coated ste

nt

stent with a surface layer of an additional material(s) that does not provide significant (e.g. more than
5 %) structural support or appreciably reduce the permeability of the bare stent [e.g. by covering the
stent-free surface area (3.20)]

Note 1 to entry: Stents containing only a metal oxide layer are not considered a coated stent for the purposes of
this document.

3.22.6

covered stent

stent covel
[e.g. by cov

Note 1 to er
address fun|

3.22.7
drug-cont

stent that hhas a drug coating that is not intended to release the drug

Note 1 to en
stents, unle

3.22.8

drug-eluting stent

DES
stent that 1

3.229
self-expan
stent wher
the deliver

4 Gene

4.1 Gen

The follow

4.2 Typ

The type o

4.3 Matq

ed with an additional material(s) that appreciably reduces permeability of the bare-s
ering the stent-free surface area (3.20)]

try: Covered stents are within the scope of ISO 25539-1. The stent design might dictate tHe ned
ctional requirements identified in both ISO 25539-1 and this document.

pining stent

try: For the purposes of this document, drug-eluting refers to both drig-eluting and drug-contai
5s otherwise noted.

eleases a drug

ding stent
e the diameter increases from its pre-deployed size to its deployed size when released f
y mechanism in absence of balloon inflation or other mechanical assistance

ral requirements for stent systems

bral

ng requirements shall’apply to all stent systems.

b of stent

[ stent shall'be designated by balloon-expandable, self-expanding, or other.

brials of construction for stent system

fent

d to

hing

fom

Materials of the stent system (e.g. wire, imaging markers, coatings, drugs) shall be described by their
generic or chemical names.

4.4 Configuration and size designation for stents and stent systems

The configuration of a stent shall be designated by its shape and geometry (e.g. cylindrical, tapered,
flared, coiled, segmented, bifurcated, articulated, closed cell, open cell).

The size of the stent system shall be designated by the outer diameter of the stent system and the

appropriat

e lengths.
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The size of a stent shall be designated by the following characteristics:

self-expanding:

— unconstrained outer diameter of the stent, expressed in millimetres;
— intended vessel lumen diameter range, expressed in millimetres;

— usable length, expressed in millimetres or centimetres.

balloon-expandable:

4.5

Andg
(e.g

For

clinfical use shall be designated by the intended implant.site(s), the type of endovascular p

— pressure to achieve nominal diameter
— range of intended inner stent diameters, expressed in millimetres, and associated p
— intended vessel lumen diameter range, expressed in millimetres;

— usable length, expressed in millimetres or centimetres.

Intended clinical use designation

tomic limitations (e.g. vessel diameter ranges, lesion lengths)~and indicated vessel or
artery, vein, synthetic vascular graft, saphenous vein graftAV access graft) shall be sp¢

fessures,;

graft type
cified.

vascular stents intended to be used in combination with endovascular prostheses, the intended

rosthesis it

may be used with (e.g. aortic fenestrated, aortic branehed, aorto-iliac bifurcated), and the jpurpose of
theJuse of the stent, such as:
a) |bridging between the endovascular prosthesis and a branch artery;
b) [smoothing the transition between the.éndovascular prosthesis and a blood vessel;
c) |improving the endovascular graft.¢onformance to the vessel wall;
d) |preventing migration of an endovascular prosthesis.
For|all other stents, the intended clinical use shall be designated by arterial, venous, or artefio-venous,
the|disease state or lesion.type to be treated (e.g. de novo stenosis, restenosis, in-stent [restenosis,
disgection, external compression, coarctation) and the intended implant site, such as:
— |arterial:
e) carotid;
f) corenary;
g)., ‘aortic;
h) renal;
i) iliacg;
j)  superficial femoral;
k) proximal popliteal;
1) popliteal;
m) other arteries to be specified;
— venous:
© IS0 2020 - All rights reserved 7
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n)
0)

inferior vena cava;

ilio-femoral;

p) other veins to be specified;

arterio-venous: shunts for vascular access.

4.6 Balloon designation

Balloons integral to the stent system shall be designated by the nominal diameter, diameter(s) as a

function o
burst press

NOTE
pressure.

’

5

The requir;

6 Desig

6.1 Gen

The requir
The requir
applies if t
is absorba

6.2 Sten

In additior]
shall at lea

a) ability]
b) ability]
c) ability]
d) ability|
6.3 Sten

Intended performance

the inflation pressure(s), the maximum recommended inflation pressure, and the-rz
ure (RBP).

'he maximum recommended inflation pressure can be less than or the same as the'rated b

ements for intended performance specified in ISO 14630:2012, Clause 4, shall apply.

n attributes

bral

ements for design attributes in 6.2 to 6.4 belgw;and of ISO 14630:2012, Clause 5, af
ements for the design attributes in 6.5 to 6.8 apply as relevant to the device design (e.g
e delivery system or stent is coated, 6.6 applies if the stent is coated, 6.7 applies if the st
le or has an absorbable coating, 6.8 applies if the stent is drug-eluting).

t system

to the requirements ISO 14630:2012, Clause 5, the design attributes of the stent sys
5t take into account the following:

to consistently, accurately and safely access the intended location;
to consistently, accdrately and safely deploy the stent;
to consistently.and safely withdraw the delivery system;

to mininrize blood loss (haemostasis).

t

ted

urst

ply.
6.5
ents

fem

In addition to the general requirements, the design attributes of the stent shall at least take into account
the following:

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

vasculature, graft, or endovascular prosthesis, as per the intended clinical use;

a) ability
b)
c) ability
d)
e)

the ste
8

of the stent to maintain adequate integrity;

appropriate interactions between overlapping stents, if applicable;

nt and endovascular prosthesis;
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f)

g)
h)

6.4
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compatibility of the stent dimensions for use in specified vessel, graft, or endovascular
diameters;

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

ability to safely use magnetic resonance imaging (MRI) on a patient with an implanted s

Stent system and stent

prosthesis

tent.

In addition to the general requirements, the design attributes of the stent system and stent shall at least
take into account the following:

a)
b)

‘)
d)
e)

6.5

The
foll

6.6
Ac

b)

visibility of the stent system, delivery system, and stent under fluoroscopy or other techlnologies;

compliance of the delivery system and stent with the requirements of ISO~10993-1
appropriate parts of the ISO 10993 series;

sterility of the stent system and stent;

ability of the stent and stent system to maintain adequate resistange to unintended
generation;

and other

particulate

ability of the stent and stent system to meet specifications under conditions of transit and storage.

Coating on delivery system or stent

design attributes of a coating on a delivery system or stent shall at least take into g
wing:

ability of the coating to maintain adequate integrity according to design specifications (e
from significant delamination, flaps and bare spots);

ability of the coating to maintain adequate resistance to unintended particulate generat

conformance of the coating dinmiensions, functional requirements (e.g. lubricity), and ot
parameters (e.g. porosity, density, distribution) to the design requirements.

Coating on stent
ating on a stent shal at least take into account the following:

appropriate ifteraction between a stent coating and the stent (e.g. freedom from coating
damage to.thesubstrate);

ability tosafely use MRI on a patient with a coated stent without negatively affecting t
related attributes of the stent (e.g. associated with heating).

ccount the

g.freedom

ion;

her coating

influenced

he coating-

6.7

ADSOrpabplie stent or coating

The design attributes of an absorbable stent or a stent containing an absorbable coating shall at least
take into account the following:

a)
b)

)

d)

ability to degrade or absorb as designed over time;

appropriate mechanical properties over time;

ability of the absorbable stent or absorbable coating to maintain adequate resistance to unintended

particulate generation over time;

potential biological effects of degradants;
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e) ability to safely use MRI on a patient with an absorbable stent or stent with absorbable coating
without negatively affecting the absorbable properties of the stent (e.g. associated with heating).

6.8 Drug-eluting stent

A drug-eluting stent shall at least take into account the following:

of the stent to consistently contain the desired type and amount of drug;

and not for drug-containing stents;

ability to release the desired amount of drug over the specified amount of time for drug-eluting

a) ability
b)
stents
c) confor
for dry
d) freedo
storag
e) appro
applied;
f) potent
g) ability|
drug-r|
7 Mate
The requir
materials
material fdg
should be 3
of differing
8 Desig
8.1 Gen
The requir
carried ouf
The requil

delivery sy

The device

mance of the residual drug quantity to design specifications for drug-eluting stents‘@nd
g-containing stents;

m of the drug(s) from deleterious impurity and degradant levels at manufacture and v

ay

d

}Iiriate interaction between the drug and the coating and/or the stent'to"which the drug is

)

ial non-target drug effects;

to safely use MRI on a patient with a drug-eluting stent"without negatively affecting
elated attributes of the stent (e.g. associated with heating).

rials

ements for materials of ISO 14630:2012, Clause'6, apply. Additional testing specific to cer
e.g. metals, polymers, drugs) should be performed to determine the appropriateness of
r use in the design. For example, nitinolymaterials dependent on shape-memory proper
ubjected to testing in order to assess transformation properties; electro-chemical potent
metals might require additional testing.

n evaluation

bral

ements for design“evaluation of ISO 14630:2012, Clause 7, apply. A risk analysis shal
in accordancéwith the requirements of ISO 14971.

ements @and testing described in ISO 10555-1 may apply to the design evaluation
stem.

not

vith

the

[ain
the
ties
ials

be

bf a

test

methods. T

device description (e.g. physical description, materials of construction), what the device key design

features are intended to do, and how the key design features accomplish the intended objective;

device

intended clinical use (see 4.4);

implantation procedures;

conditions of use/intended in vivo environment;

minimum design life of the device.

A device evaluation strategy shall be created. A device evaluation strategy provides the rationale
for the testing selected to evaluate the stent system based on the requirements of the device design

10
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and potential failure modes. The device evaluation strategy may be communicated in a table (device
evaluation strategy table) as described in Annex A. Alternative methods for presenting the device
evaluation strategy may be used (e.g. a non-tabular presentation of the rationale for the testing based
on the potential risks and benefits of the stent system for the intended clinical use).

Emerging-technology stent systems should be evaluated following the requirements of this document,
where appropriate. The device evaluation strategy should identify any testing needed beyond the scope
of this document to characterize these stent systems.

NOTE 1 All testing in this document might not be appropriate for all stent system designs or intended
clinical uses.

the basic
pecified in

Coalted, drug-eluting and absorbable stent systems should also be evaluated following
reqpirements of the respective standards, as appropriate to address the design attributes s
Cladise 6.

Wh
pro

bnever changes are made in materials, construction, configuration, intended clini¢al use, or
ressing methods, an appropriate analysis of the potential impact of the change on the potential failure
moies and performance of the stent system shall be performed. This evaluation may be communicated
usimg appropriate tables as described in Clause A.2. Appropriate testing shall be conducted|as deemed
necpssary, considering the potential impact on device performance of.the change.

—

The
atty

The
con
bey
resi
con
accy

Tes
for

unl
sho

ag
NOT

—n

g (e.g. MRI safety testingycorrosion testing).

use of a control device for comparison may be considered in the evaluation of cert
ibutes, particularly for design iterations.

device design evaluation should be appropriate for the conditions of use described in
cept and in the instructions for use (IFU). Though hot required for the design evaluat
pnd these limits may be considered to characterize the changes in device performanc
stance; durability; proper positioning, orientation) as a function of use outside of the rec
Hitions (e.g. angles, sizing). Information obtained from such testing might be useful in e
bptance criteria and in identifying appropriate warnings or precautions in the IFU for phys

ain design

the design
on, testing
b (e.g. kink
pbmmended
stablishing
cian users.

[ing to establish the labelled shelf-life shall be conducted by repeating appropriate tests. |
Lhe selection of tests shall be provided. Generally, this will not include long-term durabi
bss the materials of construction.are susceptible to degradation that cannot be evaluat
Fter-term testing, or other tests that measure parameters that are not expected to be

E2 Additional information regarding shelf-life can be found in ASTM F2914.

Sampling

}

stification
ty testing,
bd through
hffected by

hmpling plan’should be utilized which will ensure that adequate representation of the data has
h obtained for each characteristic measured. It should be verified that the design attrib
t systém, including any drugs and/or coatings, are representative of the devices to be r

utes of the
cleased for

equire the

testing of each size. It may be necessary to conduct an analysis to identify the size(s) of the device with
the greatest potential for failure.

Multiple approaches to sample selection should be considered, depending on whether there are
differences in relevant attributes of different device sizes (e.g. strut thickness, stent length, stent
diameter) and the parameter under test (e.g. radial force). For example, four corners sampling may be
appropriate for balloon fatigue, if there are no differences in the balloon thickness. Four corners testing
may not be necessary for balloon deflation time as the largest size balloon can be justified as the worst
case. A rationale shall be provided for sample selection.

If the purpose of the test is to evaluate the interaction between overlapping stents or between an
endovascular graft and a stent (e.g. separation force), or if the attribute under test could (e.g. durability)
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be significantly affected by the overlap or interaction with the endovascular graft, the test articles

should incl

ude overlapped stents or the endovascular graft and the stent.

Segments or portions of complete stents or delivery systems may be used as the test articles if

appropriat

ely justified.

The need for testing of more than one portion of the stent or more than one deployed diameter should be
considered in establishing the sampling plan to ensure adequate characterization for some parameters
(e.g. proximal and distal diameters in a tapered stent, radial force in flared regions and the non-flared

region of a

For all test|

8.3 Con
All sample
justificatio

Samples sh
of the devi
stent on on

flared stent)

5, the number oI samples should be justiried.

litioning of test samples

5 shall be subjected to sterilization, including multiple sterilizations, if appfopriate, un
In is provided for use of non-sterilized products.

all be subjected to conditions that are normally encountered that can-affect the performg
Ce and test results. Examples of conditioning are preparation of the-stent system, loading
inside the delivery catheter, passage through simulated tortuoyswasculature, warming

system to body temperature, and deployment of the stent.

less

nce
the
the

8.4 Reporting

For the puiposes of this document, reporting refers to submission to a national regulatory authority.
The desigr evaluation report should include an appropriate table of contents and four main sectipns:
(@) a background, (b) an executive summary, (c) individual test summaries, and (d) appendices that
include theg device evaluation strategy and the detailedreports. Pages should be numbered sequentially
throughouf the document (including appendices),

a) The bdckground section should describe-thie device design concept.

b) The executive summary should include:

— a(description of the bench testing and analyses that have been performed;

— a gummary of the device evaluation strategy, including justification for the omission of tgsts
id¢ntified in this doctiment;

— a fable to sumptapize the testing completed, with the following columns: name of test, ftest
purpose, test;.sample description, number of samples, acceptance criteria, summary of results
and conclusions, and cross references to the test summary and full test report

— aqummary conclusion statement.

C) Individualtest summaries should include:
— abrief summary of the purpose, methods, and results;
— the significance of the test results:
— for tests with acceptance criteria, justification for the criteria; or
— for characterization tests, an explanation of the relevance of the results.
12 © IS0 2020 - All rights reserved
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Individual test reports should include the following information:

purpose: state the purpose of the test as it corresponds to this document;

appropriate means of traceability, critical equipment) used in performing the
figures and diagrams as appropriate;

selection of test articles shall be justified (e.g. sizes, conditioning);

and/or clinical relevance; clinical applicability of the acceptance criteria shal
consideration the anatomical and physiological conditions of the intended(usé€;
test method: describe in detail the method used to perform the test, inc

prospectively defined inspection procedures, and provide a justification for re
parameters;

protocol deviations: describe any deviations and their (potential significar
interpretation of the results;

expression of results: reporttesting results expressed ifliinits as indicated in the tg

discussion, if applicable: include a discussion on‘the potential clinical signific
results;

conclusions: state conclusions, based on cgmparing results to acceptance criterig
an explanation of the relevance of the résults for characterization tests.

Bench and analytical tests

1 Stentsystem and delivery system

fing of the stent system, delivery system, and stent shall be conducted to evaluate
ibutes described in Clause 6jas applicable. The appropriate tests to evaluate each desig
based on the potential associated failure modes, device effects of failure, and clinical
ire. The rationale for the pequirements specified in this document for the bench tests ang

analyses to assess devic€ performance is described in Annex A.

The
to 1

ability of the stént'system to permit safe and consistent delivery, deployment, and withd
rovide adequate haemostasis shall be assessed. Sterility, biocompatibility, and visualiz

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

test, using

sampling: state the sampling plan, including the basis for and the number of samples tested;

mstification

1 take into

uding any
levant test

ce on the

bst method;

hnce of the

or provide

the design
n attribute
| effects of
analytical

rawal, and
ation shall

alsq be evaluated.

The associatéd device/procedure related functions, potential failure modes, and potenftial device
effgctsoffailure and clinical effects of failure to be considered are listed in Tables A.2 and A|3.
TestingshatHnrelude- thetemstistedin8-5-11+te-8-5-13asappropriate-to-the designefthestent system.
8.5.1.1 Balloon testing

The following requirements apply to balloons integral to the stent system.

This subclause is not applicable to commercially available balloons used to achieve adequate apposition
or post-dilation of the stent.

8.5.

1.1.1 Balloon deflation time

Determine the time required to deflate the balloon when inside of the stent.

©IS
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8.5.1.1.2 Balloon rated burst pressure
Determine the rated burst pressure (RBP) of the balloon when inside of the stent.
8.5.1.1.3 Balloon rated fatigue

Evaluate the ability of the balloon, when inside of the stent, to withstand repeated inflation cycles to

the rated burst pressure, taking into consideration the number of inflation cycles expected clinically.
8.5.1.1.4 Dogboning

Determine|the diameters of the balloon extending beyond the ends of the stent that are greatet than
the stent ofiter diameters at the maximum recommended inflation pressure (e.g. rated burst pressyre).
NOTE This test provides information on potential damage to the vessel beyond the stent.

8.5.1.2 Dimensional verification of stent system

Determine|the stent system dimensions, including the usable or working lengthy profile, and all other
appropriate dimensions, for conformance with design specifications.

8.5.1.3 Dislodgement force (pre-mounted, balloon-expandable stents)

Determine|the force required to displace the pre-mounted stent from its position on the non-expanded
balloon.

8.5.1.4 Horce to deploy (self-expanding stents)

Determine|the force to deploy the stent by the operdtor under simulated anatomical conditions] All
applicable pteps of the deployment process as specified per the IFU should be evaluated (e.g. tether Wire
release, rotation of thumbwheel, sheath pull back):

NOTE The force to deploy can be used to help.establish relevant tensile strength acceptance criteria.
8.5.1.5 Rarticulate generation

Consider the potential for partieulate generation and likely clinical significance that could| be
associated|with the clinical use_of the stent system through a risk assessment. The risk assessnjent
should conisider potential gecurrence of significant adverse clinical events associated with particullate
generation| (e.g. stroke, myoeardial infarct, kidney infarct, pulmonary embolism, lower limb necrdsis)
based on several factofs;-including the tolerance for ischemia of the end organ. For intended imp|ant
locations with more-tolérant end organs, the risk assessment should consider whether there are deyice
design feafures thatvare susceptible to particulate generation (e.g. presence of an absorbable coatfing,
hydrophili¢ coating) or if there is an observation during testing to indicate that there may be a higher
risk of haying, significant particulates generated in either size or quantity (e.g. generation of vidible
particles durirg-simtiated—useobservationrof-partictlatesorpartele—effe H—eH eat—E<Esue
beds during in vivo studies).

Document the risk assessment. If the risk assessment indicates that either acute and/or chronic
particulate generation does not require further evaluation based on the level of risk, the risk assessment
documentation is sufficient to address the particulate generation requirement. If the risk assessment
indicates that the potential for acute and/or chronic particulate generation and likely clinical
significance exists, acute and/or chronic testing shall be conducted, as applicable. It is not expected
that particulates will always need to be characterized beyond size and quantity. Depending on the
quantified particulate test results and associated clinical risk, additional particulate characterization
(e.g. chemical identification, crystallinity, morphology) and identification of the particulate source
might be appropriate.
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8.5.1.5.1 Acute particulate generation

Characterize the particles generated acutely from the stent system that could be associated with
advancement, deployment and withdrawal.

8.5.1.5.2 Chronic particulate generation

Characterize the particles generated over time from the stent that could be associated with designs
that are susceptible to particulate generation over time (e.g. drug-eluting, absorbable, coated).

8 5 4 L D £31 £E. = LE] - Ll 11 dalal 4= La)
. 1.U IUIIT TIHCUU/ AT TS (UdITUUITTCA YA ITUdUIT SICIILS

Detprmine the difference between the outer diameters of the stent and the outer diamefters of the
balloon as manufactured and after tracking through a tortuous path.

8.5]1.7 Simulated use

Evalluate the performance of the stent system with accessory devices specified in the IFU and determine
deplloyment accuracy using a model(s) that simulate(s) the intended use'conditions.

Evalluate the ability to access, deploy, and withdraw the stent systein, including pushability| flexibility,
torquability, and trackability, and determine deployment accuracy, using an anatomical model(s) that is
(arq) representative of the anatomy(ies) in the intended patientypopulation. Evaluate the compatibility
of the stent system with accessory devices. Evaluate the delivery catheter for delivery system failure.
Evalluate the conformability of the deployed stent to the vessel wall, positioning (including qrientation,
if applicable), and absence of anomalies (e.g. kinks, twists, non-uniform expansion, stent damage).
Subsequent to the assessment of device deployment, evaluate the effect of post-dilation if anticipated
durjng clinical use.

8.5]1.8 Tensile bond strength

Detprmine the tensile bond strength of‘the joints and/or fixed connections of the delivegry system.
Evalluate the strength of the segments'adjacent to the bonds of the delivery system (e.g. shedth, tubing)
sepfprately or concurrently with the bond strength determination.

The acceptance criteria fof_the bond strength(s) should take into consideration thg expected
fordes applied to the delivery system during clinical use [e.g. tracking (access and withdfawal) and
deployment].

NOTE The forceta_deploy can be used to help establish relevant bond strength acceptance criteryia.

8.5]1.9 Torsional bond strength

Evalluatesthe torsional strength of the joints and/or fixed connections in the segments of the delivery
sysftem that are subjected to torsion during clinical use. Evaluate the torsional strength of thp segments
adjacent to the bonds of the delivery system (e.g. sheath, tubing) separately or concurrently with the
torsional bond strength evaluation. The results shall be evaluated in relation to the torque necessary to
access, deploy and withdraw the system.

8.5.1.10 Haemostasis

Evaluate the ability of any haemostatic seal or valve in the delivery system to minimize leakage of
blood. This requirement is not applicable to systems that do not contain a haemostatic seal or valve.

8.5.1.11 Biocompatibility

The biocompatibility of the delivery system and the vascular stent shall be evaluated in accordance
with ISO 10993-1 and appropriate other parts of the ISO 10993 series. The stent should generally be
tested separately from the delivery system. However, there may be some tests (e.g. thrombogenicity,
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implantation) where the stent and delivery system are used or tested together for at least part of the
test, and these should be appropriately justified.

8.5.1.12

Sterilization assurance

Sterilization shall be assured in accordance with appropriate international standards.

8.5.1.13 Visibility

Evaluate the ability to visualize the stent system and stent using the imaging techniques specified in

the IFU.
8.5.2

8.5.2.1 (
The ability

The associ
clinical eff§

Testing sh:
stent. The
repeated W
each desig

Evaluate th

The corros|

Stent

feneral and corrosion
of the vascular stent to function as intended shall be assessed.

hted device/procedure related functions, potential failure modes,and potential device
cts of failure to be considered are listed in Table A.1.

11 include the items listed in 8.5.2.1 to 8.5.2.6, as appropriate to the design of the vasc
ests are grouped based on similarities in the objectives of the testing; however, tests are
rithin multiple categories. Refer to Annex A for a compléte listing of the tests applicabl
L attribute.

e susceptibility of a stent with metallic material$to corrosion.

ion mechanisms can include pitting, frettingycrevice and galvanic corrosion. Each corro

mechanismp should be evaluated for specific stentidesigns, as appropriate. For example, fret

corrosion {

hould be evaluated for stents that may«be used in an overlapped condition.

Presence o

a coating, coating artefacts and coating manufacturing processes might affect the corro

susceptibility of the final product and should’be considered.

8.5.2.2 H

Calculate t
loading sg
computati
stresses ar
to calculat

For absorb)|
appropriat

atigue and durability —Computational analyses

he magnitude and l¢cation of the maximum stresses and/or strains for each appropr
enario based upor the intended clinical application and device design. Appropr

pnal analysis teols, such as finite element analysis (FEA), can be used to calculate

d/or strainscThe cyclic stresses and/or strains can be compared to material characteris
b the fatiguersafety factor.

pble stents the calculation of a stress and/or strain-based fatigue safety factor might no
.

and

1lar
not
E to

bion

[ing

bion

late
late
the
tics

t be

Computati
articles for

Al anatyses may atso be USed to estabiisih appropriate test conditions and to setect
fatigue and durability testing.

8.5.2.3 Fatigue and durability — in vitro testing

est

Evaluate the long-term structural integrity of the stent under cyclic loading conditions that represent
the in vivo environment. This can require several different test configurations.

Potential integrity failures to be assessed include fractures, abrasion, bonding failures, and coating
delamination.

In vitro fatigue testing of the stent or appropriately justified test article shall be performed to
demonstrate a minimum design life of 10 years. For pulsatile-related (i.e. loading caused by the cardiac
cycle) test configurations, a minimum of 380 million cycles is generally required. For non-pulsatile
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related test configurations, the minimum number of cycles required to demonstrate a design life of
10 years shall be justified. If the intended design life is less than 10 years, then shorter duration fatigue
testing may be appropriate and shall be justified.

If fatigue testing is performed to compare the durability of a vascular stent to a stent with clinically
demonstrated durability or clinically known problems with durability, the duration of test shall be
justified.

8.5.

Ini

2.3.1 General considerations

1pnfifving the appropriate durability tests dpvplnping test methods and quahliqhing

acceptance

crit
(eg

Pul

eria, consideration of the device design (e.g. geometry, material selection) and intended
implantation location, disease state, lesion type) is necessary.

batile and non-pulsatile loading are associated with several modes of deformation. Pulsa

Clinical use

ile loading

resyilts in radial dilation [i.e. uniform or non-uniform (e.g. perpendicular compression)] afjd can also

pro

def
torg

8.5

rmation. Examples of clinical uses, with their associated modes ©f,10oading (e.g. ben
ion, radial) which may occur separately or in combination, include:

arterial stents are generally subject to radial loading;

if placed near or across articulating or rotating body joints;
ascending aortic stents can also be subjected to torsion;
descending thoracic aortic stents can also be subject to bending;
venous stents are generally not subject to-radial loading;

venous stents can be subjected to axialloading, bending, torsion, and compression (e.g.

ligaments associated with May~Thurner syndrome).

2.3.2 Radial fatigue andydurability

Evalluate the long-term(structural integrity of the stent when subjected to cyclic rad

con

8.5

ifa

ditions, if applicahle:

2.3.3 Axialfatigue and durability

EveIuate thélong-term structural integrity of the stent when subjected to cyclic axial loading

plicable.

8.5

duce non-radial (i.e. bending, torsional, axial) deformation. Non-pulsatile’ loading (d.g. loading
fro:r respiration, walking, compression associated with native anatomy)-can result in

non-radial
ling, axial,

non-aortic stents can also be subject to compression, axiahloading, bending and torsion| especially

associated

with respiration, indirect pulsatile\deformation when compressed between an artery and a bone/

al loading

conditions,

234 Bending fnfig"n and d"rnhilify

Evaluate the long-term structural integrity of the stent when subjected to cyclic bending loading
conditions, if applicable.

8.5.

2.3.5 Torsional fatigue and durability

Evaluate the long-term structural integrity of the stent when subjected to cyclic torsional loading
conditions, if applicable.

© IS0 2020 - All rights reserved
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8.5.2.3.6 Compression fatigue and durability

Evaluate the long-term structural integrity of the stent when subjected to cyclic compressive loading
conditions perpendicular to the stent axis (e.g. compression along the entire length, local compression),

if applicable.

8.5.2.4 Patency-related tests

8.5.2.4.1 General and compression resistance to a perpendicularly-applied load (self-
expanding stent for a venous or non-aortic, non-coronary or non-renal arterial implant location)

Crush resistance, compression resistance, and radial force characterize different patencysrelated

attributes
resistance
intended c

the stent into the vasculature.

Table 1 prgvides the rationale for crush and compression resistance and radial férice requirements

bf the vascular stent and are applicable for specific device types and implant locations. Hink
(flexibility) is applicable to all vascular stents. Stent-free surface area is applieable only to
inical uses where this measure is relevant to maintaining branch circulatien-of healing of

for

vascular stlents. Loading conditions for use of stents with endovascular prostheses are not addresseld in

the table. For example, renal artery stents used with fenestrated endovascularjprostheses are subje¢ted
to perpendicularly applied loads due to movement of the endovascular graftwith respiration.
Table 1 — Rationale for crush and compression resistance and’radial force requirements
Rationale for applicability
Venous and non-aortic, non* Aortic, coronary and renal artery|
coronary, and non-renal implant locations
Test Purpose arterial implant locations
Balloon- Self-expanding Balloon- Self-expandinjg
expandable stents expandable stents stents
stents
The purpose of Not applicable;* | Applicable be- |Notapplicable be- Not applicable be
this testis to because thistest |cause a self-ex- |cause these implant |cause these implgnt
Compressiqn determine the does not evalu- |panding stent locations are not locations are not

force at which

ate perntanent

in these implant

typically subjected

[=%

typically subjectd

Crush resistance

determine the
force at which

balloon-expand-
able stent in

self-expanding
stent does not

resistance o a
perpendicullarly- |2 pre-specified deformation locations might |to perpendicular- to perpendicular
applied loa displacement relevant to a be subjected ly-applied loads. ly-applied loads.
. occurs under a balloon-expand- |to compressive
(self-expanfling load applied per:_) |able stent. forces that can
stents) pendicular to'the affect patency.
longitudinat-akis
of the stent.
Thepurpose of Applicable Not applica- Not applicable be- Not applicable be
thigtest is to because a ble because a cause these implant |cause these implgnt

locations are not
typically subjected

locations are not
typically subjectg

[=}

expandable stents)

nent deformation
occurs.

load.

with a perpendicu- |2 pre-specified these implant typically under- |to perpendicular- to perpendicular
larly-applield laad |[amount of perma- |locations may g0 permanent ly-applied loads. ly-applied loads.
nent deformation |be permanently |deformation.
(balloon- occurs under a deformed by an
expandable stents) ||pad applied per- |external load.
pendicular to the
longitudinal axis
of the stent.
The purpose of Applicable Not applica- Applicable because |Notapplicable be-

. this testis to because a bal- ble because a a balloon-expandable | cause a self-expand-
Crushresistance | gjetermine the loon-expandable |self-expanding |stent may be perma- |ing stent does not
with a radially- radially applied stent may be stentdoesnot  |nently deformed by a |typically undergo
applied load load at which a permanently typically under- |radially-applied load. | permanent deforma-
(balloon- pre-specified deformed by a go permanent tion.

amount of perma- |radially-applied |deformation.
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Table 1 (continued)
Rationale for applicability
Venous and non-aortic, non- Aortic, coronary and renal artery
coronary, and non-renal implant locations
Test Purpose arterial implant locations
Balloon- Self-expanding Balloon- Self-expanding
expandable stents expandable stents stents
stents
The purpose of this | Not applicable  |Applicable Not applicable be- Applicable because a
testis to deter- because a bal- because a cause a balloon-ex- |self-expanding stent
- e theoutward—toomrexpamdable bclf-cxpdudiug pamdabtestentTan exertsayadial out-
Radial force force as a function |stent can exhibit |stent exertsa exhibit permanent |ward forfe against
(self-expanding of the diameter of |permanent radial outward |deformation which |thewessdl wall.
stents) the stent. deformation force against the |is not evaluated by
which is not vessel wall. this test.
evaluated by
this test.
Determine the force at which a pre-specified displacement occurs under a)load applied perjpendicular
to the longitudinal axis of the stent. The loading fixture geometry (e.g. compression by twolflat plates,
cylindrical bar) shall be representative of the anticipated clinical enviténment (e.g. compregsion along
thelentire length). Evaluate whether the stent recovers its original geometry after removal df the load.

8.5

venjous or non-aortic, non-coronary or non-renal arterial implant location)

Det
a Ig

(e.g
eny)

8.5
locd

Det

8.5

Det

8.5

Det

8.5

2.4.2 Crush resistance with perpendicularly appliediload (balloon-expandable st¢

brmine the force at which a pre-specified ameunt of permanent deformation ocq
ad applied perpendicular to the longitudinalaxis of the stent. The loading fixturs
compression by two flat plates, cylindrical bar) shall be representative of the anticipa
ironment (e.g. compression along the entireléngth).

ptions)

ermine the radially applied lead at which a pre-specified amount of permanent deformat

2.4.4 Radial force (sélf-expanding stent for any implant locations)

ermine the outward-{force as a function of the diameter of the stent.

2.4.5 Kinkyesistance (flexibility)

ermine the minimum radius that the stent can accommodate without kinking.

2,4.6"' Stent-free surface area and stent outer surface area

bnt for a

urs under
geometry
ted clinical

2.4.3 Crush resistance with radially'applied load (balloon-expandable stent for anny implant

O OCCurs.

Determine the proportion of free or open surface area of the stent at minimum and maximum indicated

dep

NOTE

loyed stent diameters and the maximum contact area between the stent and the vessel.

Although the entire stent might not contact the vessel wall depending on the conformance to the

vessel wall and the intended clinical use (e.g. for treatment of aneurysms), the stent outer surface area would
include the maximum potential area along the entire length of the stent.

8.5.

2.5 Sizing-related testing

Select the appropriate tests from those listed below to aid in the establishment of the sizing
recommendations for the stent.

©IS
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8.5.2.5.1 Dimensional verification of the stent

Determine the deployed stent dimensions including outer diameter(s), wall thickness(es), and all other
appropriate dimensions, for verification to design specifications. Length measurement requirements
arein 8.5.2.5.3.

8.5.2.5.2 Stent diameter to balloon inflation pressure (balloon-expandable stents)

Determine the relationship between the stent diameter and the balloon inflation pressure for balloon-
expandable stents.

8.5.2.5.3 | Stent length

Determine|the relevant lengths of the stent on the delivery system and as deployed.

8.5.2.5.4 |Recoil (balloon-expandable stents)

Determine|the amount of elastic recoil (percent of the diameter reduction), after the deployment fof a
balloon-expandable stent. Recoil shall be considered in the sizing recommendations.

8.5.2.6 Magnetic resonance imaging (MRI) safety

Using clinifally relevant MR environments (e.g. appropriate static magnetic field and spatial magnetic
gradient figld), evaluate the potential for 1) magnetically induced.displacement force and torque; and 2)
radiofrequency-induced (RF) heating of the stent. Determine the appropriate MR safety term (i.e.]MR
safe, MR cdnditional, or MR unsafe) as defined in ASTM F2503z

Characterige the MR image artefact produced by the stent\Describe the location and extent of the infage
artefact effect on the ability to visualize the device and@adjacent anatomy.

NOTE Vo acceptance criterion is needed for image atrtefact as the effect of the MR artefact on the usefulpess
of the imagd depends on the MR environment and thetanatomical region being imaged with respect to the location
of the stent| For example, although image artefact-associated with an abdominal stent can affect the abilitfy to
image the lymbar spine, it would not affect the ability to image the head and neck.

Test meth¢ds for evaluating magnetically induced displacement, torque, RF heating, and imaging
artefact cap be found in:

— ASTMF2052;
— ASTM F2213;
— ASTM F2182;
— ASTM 2119,

8.5.2.7 tent and an endovascular prosthesis in combination

8.5.2.7.1 General and corrosion for a stent and an endovascular prosthesis used in
combination

The ability of the stent to function in combination with an endovascular prosthesis shall be assessed.

The appropriate tests to consider for evaluating the design attributes for a stent used in combination
with an endovascular prosthesis include those listed in this subclause, but additional testing may be
appropriate. The selection of the tests shall be based on the potential associated failure modes, device
effects of failure, and clinical effects of failure, taking into consideration the purpose of combination
of the stent with the endovascular prosthesis. Potential purposes include bridging between the
endovascular prosthesis and a branch artery, smoothing the transition between the endovascular
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prosthesis and a blood vessel, improving the endovascular graft conformance to the vessel wall, and
preventing migration of an endovascular prosthesis.

For situations where the stent behaviour is impacted by the interaction of the two devices
(e.g. pushability/trackability of a stent system into a fenestration of the endovascular prosthesis),
testing associated with the interaction of the two devices shall be performed.

If the stent has been previously evaluated for a different intended use, testing from the individual stent
may be leveraged as appropriate. There may be situations where the acceptance criteria for a stent
used in combination with an endovascular prosthesis differs from the acceptance criteria for the other
intended use of the stent (e.g. the required radial force may be greater for a stent used in combination

wit
sha

NOT
Add

h an endovascular prosthesis to prevent migration). The modification to the acceptay

] take into consideration the differences of the in vivo environment for the new intended
E The requirements for endovascular prostheses are specified in ISO 25539-1.

ress the combination of the stent and endovascular prosthesis in the, evaluation of

ce criteria
use.

corrosion

resistance (e.g. fretting corrosion, galvanic corrosion).

Forl|additional guidance for corrosion assessment, refer to 8.5.2.1.

8.5]2.7.2 Fatigue and durability for a stent and an endovascular prosthesis used in combination

Evalluate the long-term structural integrity of the stent and eéndovascular prosthesis when used in
conjbination, under cyclic loading conditions that represent the in vivo environment.

Potential integrity failures to be assessed include fractures, abrasion, bonding failures, and coating
delgmination.
In iflentifying the appropriate durability tests,developing test methods, and establishing hcceptance

crif
(eg
exis
ane

eria, consideration of the stent/endovascular prosthesis interface and intended clinical use
implantation location, disease state,lesion type) is necessary. For example, relative otion can
t between an aortic endovascular ‘prosthesis and the branch stents used to treat ajuxtarenal
Lrysm.

For|additional guidance for fatigue and durability assessment refer to 8.5.2.3.

8.5]2.7.3 Patency-related tests for a stent used in combination with an endovascular prosthesis

the stent/
et the data
the results

Evalluate the ability of-the stent to resist deformation that can negatively affect patency at
endovascular prosthesis interface. Use an appropriate testing methodology for, and interpr
in the context of;the intended clinical use conditions. It might be appropriate to interpret
from previousty-conducted patency related testing to address this requirement.

ble 1 does
dovascular

For| additional guidance for patency-related assessments refer to 8.5.2.4. Although Tal
not|previde guidance for the selection of tests for stents used in combination with an en
propthesis, the considerations in Table 1 may be of use in identifying the applicable testing.

8.5.2.7.4 Separation force between a stent and an endovascular prosthesis

Determine the force required to separate a stent from an endovascular prosthesis (e.g. a renal stent
from a fenestrated aortic endovascular prosthesis). The evaluation of separation force is not necessary
for stent/endovascular prostheses combinations intended for clinical uses where separation is unlikely
to occur or would not likely be associated with adverse clinical sequelae (e.g. the use of a vascular stent
to improve the endovascular graft conformance to the vessel wall).

NOTE
D.5.2.4.3.

Additional information regarding separation force can be found in ISO 25539-1:2017, 8.5.2.4.3 and
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8.5.2.7.5

Simulated use for a stent and an endovascular prosthesis used in combination

Evaluate the performance of the combination of the stent system and endovascular prosthesis using a
model(s) that simulate(s) the intended use conditions.

For additio

8.5.2.7.6

nal guidance for simulated use assessment, refer to 8.5.1.7.

MR for a stent and an endovascular prosthesis used in combination

Address the requirements of MRI safety 8.5.2.6 for the stent and endovascular prosthesis in
combination.

8.5.2.7.7

Include th4

For additignal guidance for visibility assessment refer to 8.5.1.13.

8.5.3 Ab

Based on t
identify th
stentoras

Visibility

stent and endovascular prosthesis in the evaluation of visibility.

sorbable stents and stents containing an absorbable coating

he potential associated failure modes, device effects of failure, dnd clinical effects of fail
b appropriate testing to evaluate the specific design attributes associated with an absorb
tent containing an absorbable coating and conduct testingto evaluate the risks identifie

ure,
hble
d in

the assessinent. All testing shall be identified as part of the device évaluation strategy and shall include

dan assessn|

Not all tes
of the app
requireme

8.5.4 Co

Based on t
identify th
delivery sy
be identifie

8.5.5 Co

Based on t
identify th
on a stent
identified ¢

Selection
described

ent of shelf-life.

[ing parameters described in this document are-applicable to absorbable stents. Selec
Fopriate tests should take into account this do¢ument and ISO/TS 17137 which incly
nts and testing applicable to absorbable implants.

ating on a delivery system

he potential associated failure modes, device effects of failure, and clinical effects of fail
b appropriate testing to evaluate‘the specific design attributes associated with a coating
stem and conduct testing to evdluate the risks identified in the assessment. All testing s
d as part of the device evaluation strategy and shall include an assessment of shelf-life.

ating on a stent

he potential assgCiated failure modes, device effects of failure, and clinical effects of fail
e appropriaté.testing to evaluate the specific design attributes associated with a coa
and condutt-testing to evaluate the risks identified in the assessment. All testing shal
s part of\the device evaluation strategy and shall include an assessment of shelf-life.

thie appropriate tests for a stent coating should take into account the overall requiremg

fion
des

ire,
bn a
hall

ire,
[ing

| be

ents

erein as well as the potentially relevant evaluations described in ISO 17327-1, which

describes numerous coating varieties and methods of characterization that should be selected based
on their relevance to both the utilized coating process and this intended vascular stent application.
Although ISO 17327-1 considers an oxide layer to be a coating, it is expected that the testing described
in ISO 25539-2 would be adequate to fulfil the requirements described in ISO 17327-1 for a vascular
stent with an oxide layer.

8.5.6 Drug-containing stent

Based on the potential associated failure modes, device effects of failure, and clinical effects of failure,
identify the appropriate testing to evaluate the specific design attributes associated with a stent
containing a drug and conduct testing to evaluate the risks identified in the assessment. All testing
shall be identified as part of the device evaluation strategy and shall include an assessment of shelf-life.
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Selection of the appropriate tests should take into account ISO 12417-1 which includes requirements
and testing applicable to vascular device-drug combination products.

8.6 Preclinical in vivo evaluation

8.6.1 Purpose

The purpose of preclinical in vivo testing is to evaluate the deployment of the stent, the biological
response of the host to the stent, and the effect of the implant environment on the stent. Preclinical
in vivo testing should provide data pertaining to safety. If the objective of an animal study can be met

thr
stu
jus

the[device used in the previous study and the relevance of any differences in the inténded us

stu

NO

of sftents (e.g. bifurcated), materials of construction (e.g. absorbable materials, combination pr

vas

ugh alternative means (e.g. through reference to previously conducted animal and
ies), the use of previously obtained data or other supportive information shall bé)jus
ification should include comment on the relevance of any differences between the subject

ies may be conducted to address all of the relevant specific aims for a particular stent sy

E

ular uses other than the treatment of arterial stenoses. Additional specificaims, end points, ar

or clinical
tified. The
device and
s. Multiple
Stem.

The principles of 8.6 can be applied for the preclinical in vivo evaluatiofiref particular copfigurations

bducts) and
d reporting

reqyiirements might be needed to define an appropriate study.

See|ISO/TS 17137 for specific requirements and in vivo evaluation applicable to absorbgble stents.

See[ISO 12417-1 for specific requirements and in vivo evaluation applicable to vascular device-drug

conjbination stents.

8.6{2 Specific aims

Sperific aims of the study shall be stated in the protocol. More than one study may be used|to address

thege aims which can include the following:

a) |evaluate the ability to access the targetidocation with the delivery system;

b) |evaluate the handling, ease of use;“and visualization of the delivery system and visuglization of
the stent;

c) |evaluate the accuracy of deployment;

d) |evaluate the compatibility of accessory devices with the stent system, including balloonq used post-
deployment, if applicable;

e) |evaluate the ability to withdraw the delivery system;

f) |evaluate the-functional haemostasis of the delivery system and sheath introducer, if appllicable;

g) |evaluate'the position, structural integrity, and patency of the stent acutely and at explant;

h) |conduct gross and histopathological evaluation of explants and pertinent tissfies/organs
Ictuding am assessment of focat biotogical TESponses (6.8 thrombus deposition, imflammation,
endothelialisation, necrosis, aneurysm formation) and downstream and systemic effects
(e.g. embolism, infarction);

i) evaluate local effects after implantation, thrombogenicity, or systemic toxicity end points to
address the associated requirements of ISO 10993 series;

j) record failure modes, device and clinical effects of failure (see Annexes A, B and C for potential

failure modes and effects of failure), and adverse events.

Although evaluation of failure modes such as structural failure of the stent or excessive oversizing
may not be a specific aim of an animal study, recording and addressing the associated observations is
appropriate.
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8.6.3 Protocol considerations

Each stent system shall be tested by implantation of the stent at the intended, or atan analogous vascular
site in a reasonable number of animals for an adequate duration of time (e.g. 26 weeks) to accomplish
the specific aims of the study. A control might be appropriate for comparison purposes. The type
and intervals of interim assessments shall be specified and justified. For novel technologies, interim
sacrifices and longer implant durations might be indicated. As far as permitted by the limitations of
the animal model, all devices used should be of clinical quality and size, and of the design intended for
clinical use.

Interpretation of animal study results can be enhanced by the use of at least a small number of control
animals orfcontrol devices for comparison purposes. A rationale should be provided if a control-is{not
used in thq study.

All animalk in the study shall be regularly examined. Histological and pathological assessmenjt of
explants and appropriate tissues/organs shall be completed. If an animal either dies or must{ be
sacrificed prior to scheduled termination, it shall be subjected to immediate post-mortem examinatfion.
The cause pf death or illness, and the extent to which the implant was implicated shall be documenfed.
Information for all animals implanted with either test or control prostheses, including those excluded
from the fipal analyses, shall be recorded and included in the test report.

The design|of the preclinical in vivo testing, including the experimental pratocol, measurement methods
and data analysis, shall be documented. In addition, the choice of animal'model, such as species, genlder,
age, and whether or not a lesion is created, shall be justified andsshall be consistent with the siﬂdy
objectives.|Implantation shall be consistent with the recommended deployment instructions, as fafr as
permitted py the limitations of the animal model, including ovérlap of stents, if applicable.

NOTE Follow appropriate quality management practices and animal welfare protection measures in| the
execution of an animal study.

8.6.4 Data acquisition

If the contrlol article is not a stent, data similarte that for animals receiving a stent shall be recorded for
each contrpl animal, as appropriate.

The follow|ng minimum data shall be recorded for each animal receiving a stent:
a) identiffication data:

1) soprce of animal;

2) anfimal identification;

3) sek;

4) apfroximate age;

5) mgss;

b) pre-operative data:
1) verification of satisfactory health status;
2) medications (e.g. prophylactic antibiotics);
c) operative data:
1) date of procedure;

2) name of person(s) performing procedure;
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implant and procedure information, including:

i) stentidentification;

ii) in situ length and diameter of stent;

iii) diameter(s) of recipient vessel(s);

iv) location and length of overlap for overlapping devices;

v) use of systemic antiplatelet/anticoagulant therapy;

4)

d) |post-operative and follow-up data:

1)
2)
3)

4)

3

assessment of parameters specified in the protocol, such as:

i) the ability to access the target vessel location (e.g. pushability, flexibility, t¢rquability,
trackability);

ii) the ease and ability to accurately deploy the stent;

iii) the ability to visualize the delivery system and the stent;
iv) the ability to withdraw the delivery system;

v) the compatibility with accessory devices (e.g. balloons.used during or after deployment);
vi) blood loss (e.g. amount and location);

vii) position, conformability, and patency of the stent;

viii)observed abnormalities (e.g. kinks, gverlap separation, non-uniform expanision, stent
damage) of the stent;

ix) observed device and clinical effects of failure and adverse perioperative events, including
severity, management and outéome;

x) any significant deviationfrem the proposed deployment instructions or protocgl;

post-operative duration at the time of follow-up;
medications, in¢luding those that affect coagulation;

assessments_of structural integrity, patency and position of the stent, including the method
and dateyofvisualization;

obséryed device and clinical effects of failure and adverse events, including date of qccurrence,
séverity, management and outcome;

assessment of other parameters specified in the protocol;

6)

any significant deviation from protocol;

e) termination data:

1)
2)
3)
4)

5)

date of sacrifice;
reason for early termination or death, if applicable;
name of person(s) performing procedures and assessments;

assessment of structural integrity, patency and position of stent, including method of
visualization;

assessment of other parameters specified in the protocol;
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6)
7)

8.6.5

gross alteration in the dimensional properties of the stent;

gross and histopathological assessment of explants and appropriate surrounding and distal
tissues/organs.

Test report and additional information

Results of all animals enrolled in the protocol shall be recorded and reported, even if excluded from the
final analysis.

The test report shall include the following:

a)
b)

26

study protocol;

rationgle for selection of the following:

1) anlimal model;

2) i
3) co
4)
5) m{
6) inf
7) sa
resulty:
1y
2) n
3) op
4) di

to
5) su
6) su
7) su

p
8)

pa
9)

plantation site;

htrol for comparison or rationale for not using a control group, as applicable;

implantation periods;

bthods of assessment;
ervals of observation;

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

ajlmal accountability, including rationale for exclusion of data from the primary analysis;

mber of stents successfully implantedand the number of stents not successfully implant
erator assessment of ease of deployment, visualization and handling;

bcussion of sizing (e.g. diameter as it may relate to overstretch injury, length as it may re
thrombogenicity) and potential impact on study results;

mmary of any changes’in position, structural and material integrity, and patency of the st]
mmary of device dnd clinical effects of failure and adverse events;

mmary of\Uinexpected deaths or early terminations, with discussion of post-mor

hologicalrevaluation, suspected aetiology, and the potential for the death to be relate

9%
(=9
e

late

ent;

tem
1 to

thology values and weight gain or loss;

summary of gross pathology evaluation and histopathology of explants and appropriate
tissues/organs, including gross photographs, radiographs of explants, and representative
photomicrographs;

10) summary of other information required by the protocol;

11) significant and/or relevant deviations from protocol;

12) comparison of outcomes for test and control groups, if applicable;

13) conclusions from study;
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14) summary of quality assurance and data auditing procedures.
Clinical evaluation

1 Purpose

The purpose of clinical evaluation is to assess the safety and effectiveness of a stent system. This
evaluation is not intended to demonstrate the long-term performance of the stent. An investigation
should be carried out for each new stent or new clinical application of a stent using the principles
given in ISO 14155 or an equivalent publication. Significant design changes that can impact safety and
performance shall require clinical evaluation if determined to be necessary based on an.gdppropriate

ris

the
con

If a
pre
infq
diffi
anyj

For
req

Thd

(e.g
aim

abg{

assessment. This evaluation may follow the requirements described in this")do
eviated requirements as appropriate to address the identified risks. Additional stent si
previously evaluated range might require clinical evaluation but may not Tequire 3
Kistent with all requirements (e.g. multicentre study, statistically powered sample size).

h objective of a clinical study can be met through alternative means<(e:g. through re
viously conducted clinical studies), the use of previously obtained !/data or other
rmation shall be justified. The justification should include comment on the releva
brences between the subject device and the device used in the previous study and the r
differences in the intended uses.

stents used in combination with an endovascular graft; the clinical evaluation should
1lirements specified in [SO 25539-1.

principles of 8.7 may be applied for the clinical gyvaluation of particular configuratior

s, end points, and reporting requirements might be needed to define an appropriate stud

cument or
ves outside
ssessment

pference to
supportive
hce of any
blevance of

follow the

s of stents

bifurcated) and vascular uses other than the treatment of arterial stenoses. Additional specific

y.

See|lSO/TS 17137 for specific requirements and in vivo evaluation applicable to absorbable sftents.
See|ISO 12417-1 for specific requirements and in vivo evaluation applicable to vascular device-drug
conjbination stents.
8.7]2 Specific aims
Sperific aims of the study shall be based on an appropriate risk assessment for the stent Jystem and
stafled in the protocol. The)specific aims may include the following:
a) |Evaluate the effectiveness of the stent system, such as the:

1) ability.te access the target location with the delivery system;

2) handling and visualization of the delivery system and visualization of the stent;

3) “Naccuracy of deployment;

4) ability to withdraw the delivery system;

5) position, structural integrity and functionality (e.g. patency, freedom from target lesion

revascularization) of the stent acutely and over time;

6) lesion characteristics (e.g. restenosis, aortic false lumen perfusion) over time;

7) device effects of failure (see Annex C for potential device effects of failure);
b) Evaluate the safety of the stent system, such as the:

1) clinical effects of failure (see Annex B for potential clinical effects of failure);

2) adverse events.
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8.7.3 Protocol considerations

A multicentre study shall be performed at a minimum of three investigational sites. A justification for
the number of investigational sites shall be provided.

A specific question or set of questions (i.e. hypotheses) shall be defined prospectively. These questions
shall delineate the appropriate safety (e.g. freedom from major adverse events), effectiveness
(e.g. primary patency), or combined safety and effectiveness end points to be measured. Definitions
of success and failure for each end point and the duration of follow-up needed to assess each end point
shall be specified. A definition for the study success shall also be specified (e.g. meeting both the safety
and effectiveness primary end points).

A statisticd
hypothese
subjects.

The durat
investigati
at the spe
enrolled in
and report
hypothese
data on all
implanted])
history of ¢

A control
appropriat
evaluating

The study
(randomiz

The protod
for the ass¢

Patient inc
population
agree and

utilized for

Definitiong
adverse evj

1 justification for the number of patients studied shall be provided based upon the prinj
5. Preferably, no investigational site should enrol more that 35 % of the total number.of st

on of patient follow-up shall be determined in relation to the objectiyés)of the clin
bn. Patient follow-up intervals shall include a minimum of an assessment-at discharge
Fified study duration. A justification will be required for follow-up.intervals. All patic
the study, including those excluded from the primary end point analyses, shall be recor
ed. The final report may be completed when the required number of patients to test
b have reached the specified study duration. The report shall*include current follow
patients. Longer-term patient follow-up (e.g. 2 years to 5 yéars after the last stent has b
may be appropriate for the post-market clinical assessment'of device designs with a lim
linical use.

e control is not or cannot be identified, or a conclirrent control is unnecessary, a method
the clinical outcomes shall be prospectively defined and justified (e.g. performance goals

ed, literature, performance goal), blinding, prospective vs retrospective].

ol may differ between the contrehgroup and the treatment group. If so, a separate prot
pssment of the control subjects,shall be included.

Jusion and exclusion criteria-shall be clearly identified. The criteria shall specify the ta
(i.e. those for whom thestent is intended) and the accessible population (i.e. those 3

recruiting subjectsto minimize bias (e.g. encourage sequential enrollment).

of primary efféctiveness (e.g. primary patency), primary safety (e.g. freedom from m

specified i the clinical protocol. Secondary end points might include the following:

individ

ual.components that make up any composite primary end points;

measu

should be included in the study to appropriatelysaddress the questions postulated. If

ary
udy

ical
and
bnts
ded
the
Y-up
een
ted

an
for

).

Hesign shall be designated by appropriateterms [e.g. number of study arms, type of conjtrol

hcol

rget
vho

hre able to participatéfully in the study). An appropriate epidemiological approach shall be

hjor

ents) and secondary clinical end points, measurement methods, and data analysis shalll be

changéinquality of life status or other relevant patientreported outcomes, |

re of therapeutic success (e.g. ankle brachial index);

patency];

30 days);

device

repeat

28

longer-

and clinical effects of failure;
procedures (e.g. target vessel revascularization);

term outcomes (e.g. 12-month safety data if the primary safety end point is at 30 days).

technical success [e.g. successful placement of all stents at the intended implantation site(s) with

procedural success (e.g. technical success in absence of serious device-related adverse events at
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Consideration should be given to the use of independent core laboratories and event adjudication
committees, as appropriate. The sources of the data to be included in reporting (e.g. site, core lab,
adjudication committee) should be specified in the protocol.

8.7.4 Data acquisition

Data similar to that for patients in the study arm shall be recorded for each patient in the control arm,
as appropriate.

At a minimum, the following data shall be recorded for each patient in the study arm:

a) |Identification and demographic data:
1) patientidentification;

2) indication for treatment (e.g. critical limb ischemia, claudication, post-thrombotic|syndrome,
acute coronary syndrome, stable angina) and associated medical diaghosis (e.g{ occlusion,
stenosis, venous insufficiency);

3) demographics
i) date of birth;
ii) sex;
iii) weight or body mass index;
iv) height;
4) race, as appropriate (i.e. when this information can be legally obtained);
5) name of investigator;
6) name of institution;
b) |pre-procedural data:

1) risk factors, such as_hypertension, diabetes mellitus, renal insufficiency, prior d¢ep venous
thrombosis, pulmonary embolic disease, hyperlipidemia, tobacco use, obesity, anaegthesia risk
and any other cardievascular risk factors;

2) summary of previous vascular interventions at the same or other relevant vasculdr sites and
adjunctivevascular interventions (e.g. atherectomy, thrombolysis, ballooning of distal vessels),
including-ron-surgical interventions and previously implanted vascular devices (e.g. stents,
endovascular prostheses, surgically placed vascular prostheses);

3) relevant medications;

4y diagnostic criteria:

i) clinical assessment;

ii) objective assessment of lesion and access vessel characteristics and other relevant factors
(e.g. sizes, degree of calcification and tortuosity, presence of collateral vessels, lesion
length);

c) procedural data:
1) name of implanting physician;

2) date of procedure;
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d)

f)

30

3)

4)
5)
6)
7)
8)
9)
10)

11)

12) da[e of hospital discharge, if applicable;
13) ab|

followtup data:

1y
2)
3)
4)

5)
6)

deviceland clinical effects of failure, and adverse events:

1y

2)
3)

identification data for the stent(s) [e.g. unique device identifier, model number and implant
traceability (e.g. lot number), size, configuration];

urgency of intervention (e.g. planned, bailout, abrupt and threatened closure);
information regarding the procedure (e.g. adjunctive vascular procedures performed);
relevant medications (e.g. antiplatelets, anticoagulants);

position of stent (e.g. distance from anatomical landmarks);

vascular segment treated ]Pngfh'

luminal diameter of stent;

aspessment of procedural outcome (e.g. technical success, residual stenosis, patency, sfent
infegrity);

reford device and clinical effects of failure and adverse events [see 8.7.4, e)];

ility to visualize the delivery system and stent on imaging;

interval of follow-up (e.g. discharge, 30-day, 12-month);

dalte of follow-up visit;

relevant interventions or surgeries since last follow-up;

clinical and imaging evaluation:

i) | clinical assessment (e.g. target lesion revascularization);

ii)| presence or absence of planned ithaging surveillance and modality;

iii] objective assessment ofitargeted lesion characteristics (e.g. patency, percentag¢ of
diameter stenosis) and method of assessment (e.g. duplex ultrasound, angiography);

iv] objective assessmént of stent positioning (i.e. for venous stenting) and stent integrity pnd
method of assessment;

relevant medications, such as anticoagulants or antiplatelets;

reford device'and clinical effects of failure and adverse events [see 8.7.4, €)];

t hafoffact or avant datoa of occurrancae savaritv manaagamaont (o g nano maoadical traat nt
y pe-6ietfect-orevent-date-of-occurrencerseveritymanagement {e-ghonemedicaltreatment,

secondary endovascular procedure, open surgical procedure), outcome (e.g. continuing,
resolved, unknown, death);

documentation of stent involvement;

documentation of probable causative factors (e.g. caused by the stent, patient factors, technical
factors);

secondary procedures associated with the treated segment:

1
2)

date;

reason for reintervention;
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3) type of reintervention;
4) outcome of reintervention;
g) death:
1) date;
2) whether autopsy was performed, and if so, the findings;
3) cause of death;
i) whether or not the death was related to the stent or procedure;
ii) summary of explant analyses, if applicable;
h) |patient withdrawal:
1) date;
2) months of study completed;
3) reason for withdrawal (e.g. lost to follow-up, withdrew ¢«consent, removed from| study per
physician recommendation).
8.7/5 Final report
The final report shall include the following:
a) [study protocol, including at a minimum:
1) study description (e.g. study design,désignation, control arm, number of sites, jnumber of
patients);
2) primary and secondary end points, hypotheses and definitions of success;
3) source of the data (e.g. site, core lab);
4) definition of study success;
5) subject population (i.e. selection criteria);
6) follow-up intexvals;
7) methods-of assessment [e.g. clinical, computed tomography angiography (CTA), magnetic
resonafice angiography (MRA), duplex ultrasound];
8) data analysis plan including methods to address missing data;
9)) definitions of technical and procedural success, device and clinical effects of fhilure, and
adverse events;
b) rationale, based on the risk assessment and questions to be answered, for selection of the following:
1) study size;
2) choice of control;
3) measurement methods;
4) statistical analyses employed;
5) patient follow-up intervals;
c¢) number of patients treated at each investigational site;
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d) follow-up accountability (e.g. numbers of patients eligible for each follow-up interval and the
number with specified follow-up data), including a rationale for the exclusion of data from the
primary end point analyses;

e) demographics, risk factors, and relevant vascular lesion characteristics (e.g. lengths of the stenotic
lesions);

f) numbers of devices per patient and sizes of devices used;

g) significantand/or relevant deviations from the clinical protocol and the manner in which deviations
were addressed in the data presentation;

h) resultg:
1) te
2) pr
3) sa

i)
ii)
iii]
4) eff
i)
ii)
5) co

de

9 Post-
A systemat
the princip
10 Manuy

Stentsyste
are specifi

The requir]

hnical success;

pcedural success;

fety:

primary and secondary end point outcomes;

summary of peri-procedural (less than or equal to 30 days, o prior to hospital discha
and late conversions to open surgery;

summary of peri-procedural and late deaths;
ectiveness:

primary and secondary end point outcomes;

summary of secondary interventions;

hclusions from study, including resultsiof hypothesis testing and achievement of succes
fined by the protocol.
market surveillance

ic procedure to review (post-market experience gained from implants shall be in place u
les given in ISO 14630:2012, 7.4, and ISO 14971, or equivalent publications.

facturing

Ins shall be;manufactured in such a way that the design attributes are achieved. Requiremg¢
bd in other related international standards.

ements of ISO 13485 and ISO 14630:2012, Clause 8 shall apply.

rge)

S as

bing

bnts

11 Sterilization

11.1 Products supplied sterile

11.1.1 Stents and/or stent systems that are labelled “Sterile” shall comply with international, national
or regional standards and have a sterility assurance level (SAL) of 10-°. Sterilization processes shall be
validated and routinely controlled.

a) For stents and/or stent systems that are to be sterilized by ethylene oxide, ISO 11135, shall apply.

b) For stents and/or stent systems that are to be sterilized by moist heat, ISO 17665-1 shall apply.

32
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For stents and/or stent systems that are to be sterilized by radiation, ISO 11137 (all parts)

shall apply.

For stents and/or stent systems incorporating animal tissue that are to be sterilized using liquid

chemical sterilants, ISO 14160 shall apply.

For stents and/or stent systems that are to be sterilized by other sterilization processes,

shall apply.

11.2 Sterilization residuals

The

requirements of ISO 14630:2012, 9.4, shall apply.

ISO 14937

12

12,

12.
Thd

12.

Eac

Packaging
1 General

.1 General

requirements of [ISO 14630:2012, Clause 10, shall apply.

1.2 Unit container

h stent and/or stent system shall be packaged in a unit container providing a sterilg

ap

12.1.3 Outer container

Each unit container shall be packaged in an outer’container. This outer container shall be des|
to grotect the unit container from damage due to storage.

12.1.4 Shipping container

Eac

packaged in a shipping containet'designed to protect the contents under normal conditions d
tramsit and storage.

12.

For
ster]
top

Thd

icable. It shall be readily apparent if the unit containephas been opened.

outer container, or a number of outer containers not necessarily of the same typ

|.5 Maintenance ofsterility in transit

stents and/ox 'stent systems supplied sterile, the unit container shall be designed to m
ility of thesstent and/or stent system under normal conditions of handling, transit and s
ermit the ¢gontents to be presented for use in an aseptic manner.

packaging shall conform to ISO 11607-1.

barrier, if

igned so as

e, shall be
fhandling,

hintain the
forage, and

12.

2 Labelling

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 least the following information shall be provided in words, phrases, symbols or drawings on the
label(s):

a)

©IS

description of the package contents and/or list of the package contents;
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b) name and/or trademark, address and contact information of the manufacturer;

c) product name;

d) the type of stent (e.g. balloon-expandable, self-expanding)

e) the material(s) of construction;

f) configuration (see 4.4), if applicable;

g) dimensions: designated length and diameter(s) after expansion;

h) model
i) lot/ser
j)  sterili
k) single

1) expiry

reference number;

ial number;

ation method and the word “STERILE”;
liS€;

expiration date;

m) Warni]:gs or reference to read the manual (symbol);

n) warni
0) manuf]

p) the che

g against the use of the stent if the package is open or damaged;

hcturer’s recommendation for storage, if applicable;

12.2.3 St¢nt systems (stents with delivery system)

At least th
label(s):

a) inform
b) deliver
1) di

e following information shall be provided*in words, phrases, symbols or drawings on

ation as described in 12.2.2;
y system information, at least;

mnensions: minimum reqtitred size of introducer (internal diameter), maximum siz

gulidewire and usable, werKing or effective length of the catheter;

2) R

12.2.4 Re|

Each stent
attachmen
following i

P and maximumrecommended inflation pressure, if applicable.

cord label

and/er>stent system should be supplied with transferable record labels suitable
[ to the records of the patient receiving the stent. The record label should include
hfoymation:

bmical nature of any storage medium in the unit container, with appropriate hazard warnfing.

the

b of

for
the

a) manufacturer's identification;

b) product name;

c¢) manufacturer's batch and/or sterile lot number;

d) partor model number (manufacturer's catalogue number).

12.3 Information supplied by the manufacturer

12.3.1 Ge

neral

The requirements of ISO 14630:2012, Clause 11.3, shall apply.
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12.3.2 Information and instructions for use for stents and/or stent systems

Each unit container or outer container of which the contents are identical shall be supplied with
instructions for the use (IFU) of the stent and/or stent system, or instructions on how to access an
electronic version of the IFU. The instructions shall include the following information to use the stent/
stent system safely and properly, taking into account the training and knowledge of the potential users:

a)
b)

A

d)

f)
g)

h)

j)

k)

D)

name and/or trademark and address of the manufacturer;

product name;

devicedescriptiomandmateriatsof constructiontncluding but mottimited-to:

1) material of construction of the stent;

2) description of the location(s) of markers for visualization, if applicable;

3) identity of the coating material(s), if applicable;

4) identity and amount of drug(s), if applicable;

5) type of construction (self-expanding or balloon-expandable):

indications for use;

contraindications, cautions and warnings;

for drug-eluting stents, the potential for drug interactions with the drug delivered by th

recommendations for stent sizing, including vessel diameters, lesion lengths, and stent g
a function of inflation pressure, as applicable;}

potential adverse events;
data from clinical studies, if applicable;

recommended methods for the' aseptic presentation and the preparation of the
delivery system;

recommended methods for vessel preparations, such as pre-dilation, and methods
delivery of the stentand withdrawal of the delivery system;

the applicable ipformation regarding the sterility of the device, in prominent form:
1) NON-STERILE;

2) STERILE;

3)ASTERILE — DO NOT RESTERILIZE;

P stent;

iameter as

stent and

for access,

specify thatthe device i3 singie use onty i promimnent form;
resterilization information, if applicable;
notification of additives and/or leachable components, if applicable;

recommendations for storage, if applicable;

date of or reference relating to the publication of the IFU, indicating when the IFU was last revised;

recommendations for visualization;

MRI safety information.
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Annex A
(informative)

Relationship between testing requirements, device attributes, and
potential failure modes and guidance for the creation of a device

A.1 Devjce evaluation strategy introduction and rationale for bench testing an

analyses

A device eyaluation strategy provides the rationale for the evaluation plan for a device. The ratio}

evaluation strategy

j =5

nale

for the evalluations required by this document that are applicable to most vasculat,stents is described

in Tables

involves dg
performan
potential f:

Potential d
effects of f]
effect. For
would be
effect(s).”

The known potential clinical effects of death and rezintervention are not listed in the tables becd

additional
identifying

To reduce
related fuy
related fai

and not repeated under “patency”].

A.2 and A.3. Identification of the appropriate testing for a device evaluation straf
scribing each device-related and procedure-related function needed to achieve the des
ce (i.e. device attributes) and the associated relationships-between device attriby
hilure modes, and testing requirements.

hilure. Subsequent effects are defined as a secondary-effect of device failure after an in
example, stent fracture might lead to stent embglization. In this example, stent fract

intervention and death are a reflection of the severity of the failure and not helpfy
tests to evaluate device function.

redundancy, some potential failure modes associated with individual device and proced

ure modes that may affect\patency are listed under the device function “ability to dep

egy
red

tes,

evice effects of failure are categorized into two categories: initial effects and subseqyent

tial
ure

isted under “initial effect(s)” and stent embolization would be listed under “subseqyent

use
I in

ure

ctions are not repeated if cevered under previously identified functions (e.g. deploynjent

”

oy
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Table A.1 — Explanation of Tables A.2 and A.3 column headings

procedure-related
function required

could result in conse-
quences (effects) to

failure mode
on the device.

device effect(s),
if any, resulting

Device Potential effect(s) of failure
attributes/ . . Device effect(s) of failur . Nonclinical
procedure Pote:ltt:gtiz;)llure vice ©) 1ture Cflfml;:(al) device
related s Subsequent | €1T€CHLS testing
function(s) Initial effect(s) effect(s) of failure
Each individual The specific failures The potential The potential |The Bench tests
device-related and |that might occur and effect(s) of the additional potential |and analyses

effect(s) of
the failure

of the device
to evaluate the

for ffe device to
achlieve the overall
desdjired perfor-
mapce. Functions
should be attrib-
utefp of the device
or procedure and
thefefore should
be $tated in the
poditive.

the device or patient

if the function is not
attained. Individual
failure modes should be
addressed separately.
They should be pre-
sented in separate rows
for an attribute, as they
may have different
effects of failure and
may be mitigated with
different testing.

Device elfects of
failure describe
what happens
to the device as
aresult of the
failure and may
be important to
capture, whether
or not there is
an associated
clinical effect of
failure.

from one ol the
effects listed
in the previous
column.

mode on
the patient.

fundtion and
the’potential
fdilyre mode.
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Table A.2 — Rationale for bench testing and analyses for the stent system

Device/

Potential effect(s) of failure

trauma — proce-
dural dissection

procedure Pot.e ntial Device effect(s) of failure L. Nonclinical device
failure Clinical effect(s) ;
rela_ted mode(s) Initial off Subsequent of failure testing
function(s) nitial effect(s) effect(s)
Stent system is |— Access failure |— None — Accessvessel |— Dimensional
incompatible injury verification of stent
with accessory |, Accessory system
devices device failure — Failure to
o complete device | — Simulated use
= DCIIVCI _y . .
implantation
system damage
— Stent damage
Inability to ad- |— Access failure |— None — Accessvessel |— Simulated use
vance stent . injury
— Delivery
system to tar-
: system damage — Access vessel
get site FUbture
— Stent damage P
— Failure to
complete device
implantation
— Vasetlar
traimd — proce-
Ability to dural dissection
access Stent — Stent — Stent emboli- = Failure to — Dislodgement
dislodgement dislodgement |zation complete device |force
from the deliv- |from the deliv- implantation .
ery system ery system — Simulated use
ysy ysy — Foreign body
embolization
— Ischaemia
— Lumen
obstruction
Unable to cross |— Accessfailure | — Stent dis- — Failure to — Profile effect/
lesion with lodgement from |complete device |flaring
stent system ';h(setc(l;rerlllvery implantation _ Simulated use
y — Foreign body
embolization
— Vascular
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Potential effect(s) of failure

Device/ Potential
procedure . Device effect(s) of failure . Nonclinical device
failure Clinical effect(s) i
related mode(s) . Subsequent £ fail testing
function(s) Initial effect(s) effect(s) of failure
Inability to acti- |— Balloon-re- |— None — Failure to — Force to deploy
vate deployment lated deploy- _complete (_iev1ce — Simulated use
mechanism or |ment failure implantation
procedure — Delivery
system-related
deployment
failure
— Inability to
deploy
Improper — Inaccurate — Stent — Amputation — Balloor] testing
positioning or deployment dislodgement — {schaemih — Dogborjing
orientation :
— Lack of ap- — Stent emboli-
- . — Lumen — Stent lgngth
position to the |zation obstritction
vessel wall — Profile effect/
~— Cardiac dys- flaring
function — Simulated use
— Stent occlusion
— Restenosis
Abillity to — Thrombosis
defloy — Dissection crea-
tion or extension
— Vascular
injury — stent
related
Excessive — Balloon rup- |— None — Dissection crea- |— Balloor] rated
balloon ture tion or extension |burst predsure for
inflation balloons

— Foreign body
embolization (bal-
loon fragments)

— Restenosis
— Thrombosis

— Vascular trau-
ma — procedural
dissection

— Vessel rupture

— Vessel throm-
bosis
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Table A.2 (continued)

Potential effect(s) of failure

Device/ Potential
procedure . Device effect(s) of failure L. Nonclinical device
related failure Clinical effect(s) testin
function(s) mode(s) Initial effect(s) Subsequent of failure &
effect(s)
Incomplete — Stent dis- — Stent emboli- |— Ischaemia — Balloon deflation
balloon placement zation time
deflation — Lumen ob-
struction — Simulated use
Aecessvessel
injury
— Access vessel
rupture
— Vascular trau-
ma — procedural
dissection
Ability to Damage ofim- |— Stent damage |— Stent migra- |— Stented branchy |— Dimensional
withdraw plant compo- . tion vessel loss of verification of steht
nents by other | Stent dis- . |patency system
components placement — Stent emboli-
p zation — Brarch vessel |— Simulated use
(e.g. delivery obstfugtion
system snagging o .
on the stent) Ischaemia
— Lumen ob-
struction
— Cardiac dys-
function
— Foreign body
embolization
Emboli — None — None — Embolism — None
Atraumatig generation _ Ischaemia
introductign, - - - - -
tracking arjd Particulate Particulate — None — Adverse biologi-|— Acute particuldte
withdrawa generation generation cal response generation
— Ischaemia
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Potential effect(s) of failure

Device/ Potential
procedure fail Device effect(s) of failure . Nonclinical device
related allure Clinical effect(s) testing
function(s) | M°4€0) | Initial effect(s) | SuPsequent of failure
effect(s)
Trauma to — None — None — Access vessel — Dimensional
vasculature injury verification of stent
— Access vessel system
rupture — Simulated use
— Unintentional
dissection septum
perforation
— Vascular trau-
ma — procedural
dissection
Separation of — Delivery sys- |— Balloon-re- |— Failure ta — Simulated use
delivery system |tem damage lated deploy- _complete (_1ev10e _ Tensilelbond
components ment failure implantation
. strength
(e.g. bond fail- . .
— Delivery —\Foreign body .
ures, complete .o — Torsionjal bond
. . system-related.~[embolization
tip separation) strength
deployment
: — Vascular trau-
failure
ma — procedural
dissection
Tubing — Delivery sys- |— Bdlloon-re- |— Failure to — Simulated use
mfalterlal tem damage lated deploy- _complete glev1ce _ Tensilelbond
failure ment failure implantation
strength
— Delivery — Foreignbody | __ 7, iodal bond
Deljvery sys- system-related |embolization ¢ th
i i deployment streng
tent integrity bloy — Vascular trau-
failure
ma — procedural
dissection
Loss of balloon( "} Balloon-re- |— Stent dis- — Failure to — Balloor] rated
integrity lated deploy- lodgement complete device |fatigue
ment failure — Stent emboli- implantation — Balloor] rated
— Balloon rup- |zation — Foreign body  |burst pregsure
ture embolization
_ [naccurate (e.g. balloon frag-
ments)
deployment
— Lack of ap-
position to the
vessel wall
Inadequate hae- |— None — None — Blood loss — Dimensional
mostasis verification of stent
Haemostasis system
— Haemostasis
Non-sterile — None — None — Insertion site — Sterilization
Sterility product infection assurance
— Stent infection
Biocompati- |Non-biocompat- |— None — None — Adverse biologi-|— Biocompatibility
bility ible cal response
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Table A.2 (continued)

42

— Vascular inju-
ry — stent related

Device/ Potential effect(s) of failure
Potential . . . .
procedure fail Device effect(s) of failure L. Nonclinical device
related atlure Clinical effect(s) testing
function(s) | M°9€() | mitial effect(s) | Subsequent of failure
effect(s)
Inability to safe- | — All device — None — All clinical — Visibility
ly and effective- |effects associat- effects of failure
ly access, deploy, | ed with access, associated with
or withdraw deployment and inability to ac-
Visualizatiom wrtherawal cess-deploy-or
withdraw
Inadequate — None — None — Inability to — Visibility
visibility of the monitor the stent
stent over time
Table A.3 — Rationale for bench testing and analyses for the stent
Device ) Potential effect(s) of failure
Potential . . .
procedutre failure Device effect(s) of failure L. Nonclinical
related mode(s) Subsequent Cllm??l _eiffect(s) device testing
; iti of failure
function(s) Initial effect(s) effect(s)
Excessive radial |None None <~ Dissection cre- | — Radial force
force ation or extension | (self-expanding
. stents)
— Erosion
leading to fistula
formation
Atraurp_atic — Vascular inju-
apposition ry — stent related
of stent to the — -
vessel wall Trauma.to vascu- |None None — Vascular inju- |— Simulated uge
lature (includes ry — stent related
trauma due to
any cause, such
as, inadequate
flexibility, over-
dilating)
Structural failute = Strut fracture |— Lack of ap- — Ischaemia — Fatigue and flu-
of stent (includes position to the rability - compyta-
: . — Lumen ob- .
loss of integrity vessel wall . tional analyses
due to ahycause struction
’ — Stent emboli- . — Fatigue and
suchrasywear Zation — Cardiac dys- durabilit
between over- function y
llegipllrlleg) stents, — Foreignbody | Simulated uge
J embolization
— Restenosis
— Thrombosis

— Bond fracture

— Stent
embolization

— Ischaemia

— Lumen
obstruction

— Foreign body
embolization

— Vascular inju-
ry — stent related

— Fatigue and du-
rability - computa-
tional analyses

— Fatigue and
durability

— Simulated use
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Potential effect(s) of failure

— Vascular inju-

ry — stent related

Device/ Potential
procedure failure Device effect(s) of failure L. Nonclinical
related mode(s) Subsequent Clml?f‘l _elffect(s) device testing
- i of failure
function(s) Initial effect(s) effect(s)
— Connector — Stent — Ischaemia — Fatigue and du-
or link break or |embolization — Lumen rability - computa-
fracture . tional analyses
obstruction
. . . — Fatigue and
b dntagieitas D fan 3
Stepttategrity Resterests Jurabiljty
— Thrombosis | _@&) 1/ Nated use
— Foreign body
embolization
— Active fixation |— Stent migra- |— Ischaemja — Fatigue and du-
element (hook/ |tion — Lumed rability|]- computa-
barb) fracture — Stent obstruction tional ajnalyses
embolization _@ordiac dys- — Fat;g ue and
. durabiljty
function
) — Simylated use
— Restenosis
— Thrombosis
— Foreign body
embolization
Corrosion — Bond fracture |—Lack of ap- — Adverse — Corrpsion
__ Stent fracture position to the biological re-
vessel wall sponse
— Stent — Foreign body
embolization embolization
— Ischaemia
— Lumen
obstruction
— Cardiac dys-
function
— Restenosis
— Thrombosis

© IS0 2020 - All rights reserved

43


https://standardsiso.com/api/?name=24b6be4ab6290a063605e785156af169

ISO 25539-2:2020(E)

Table A.3 (continued)

Potential effect(s) of failure

Device/ Potential
procedure failure Device effect(s) of failure linical eff Nonclinical
related mode(s) — Subsequent C 1n1(f:a; 'el ect(s) | device testing
function(s) Initial effect(s) effect(s) ol rallure
Appropriate  |Dimensional — Component — None — Branch vessel |— Simulated use
interaction mismatch be- separation loss of patency
between a tween stent and .
stentandan |endovascular — Poorappo- — Ischaemia
: sition between
endovascular—rpresthesis Lren
prosthesis components obstruction
(e.g. for stepts
used in branch
arteries with
an aortic
endovascular
prosthesis
or for sten
used to covler
dissected
vessels aftdr
coverage of the
primary enfry
tear with ah
endovascular
prosthesis)
Inaccurate — Branch vessel |— None — Branch vessel |— Patency-re-
positioning or stent compres- loss of patency lated tests for
orientation of sion or kink . a stent used in
the stent with — Ischaemia combination with
— Component
respect to the . — Lumen an endovasculdr
separation . :
endovascular obstruction prosthesis
prosthesis — Simulated uge
Separation be- — Component — None — Branch vessel |— Patency-re-
tween the stent |separation loss of patency lated tests for
and the endovas- . a stentused in
. — Ischaemia .
cular prosthesis combination with
— Lumen ob- an endovascular
struction prosthesis
— Type Illa en- — Separation
doleak force between
a stentand an
endovascular
prosthesis
— Simulated uge
44 © IS0 2020 - All rights reserved
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Potential effect(s) of failure

Device/ Potential
procedure failure Device effect(s) of failure L. Nonclinical
related mode(s) Subsequent Clml?f‘l _elffect(s) device testing
. i of failure
function(s) Initial effect(s) effect(s)
Development — Stent — None — Amputation — Patency-re-
of angulation compression, _ Ischaemia lated tests for
or kink be- collapse, kink or a stentused in
tween stentand |infolding — Lumen combination with
endevasetar e stteHeR an-erdqvascular
rosthesis . rosthgsis
P — Stent occlusion |P
_ Rest . ~~JFatigue and du-
estenosis rability|for a stent
— Thrombosis and an ¢ndovascu-

— Branch vessel
blockage

— Branch vessel
coverage

lar progthesis used
in comHination

— Simylated use

Loss of stent or
endovascular

— Stent-related
graft material

— Stent emboli-
zation

<~ Branch vessel
loss of patency

— Fatigue and du-
rability|for a stent

prosthesis integ- |holes . and an ¢ndovascu-
. . — Compongént — Ischaemia .
rity due to inter- : lar prodthesis used
: — Stent fracture |separation . O
actions between — Lumen ob- in comNination
components — Support struc- struction — Simdlated use
ture fracture
co — Branch vessel
(e.g. fixation blockage
system of the &
endovascular — Branch vessel
prosthesis) coverage
— Vascular inju-
ry — stent related
— Type IlIb en-
doleak
Corrosion due — Bond fracture |— Lack of ap- — Adverse bio- |— Corrpsion for

to interactions
betweencompo-
nents

— Stent fracture

position to the
vessel wall

— Stent emboli-
zation

— Component
separation

logical response

— Foreign body
embolization

— Ischaemia

— Lumen ob-
struction

— Restenosis

Thraombaocic

a stent ised in
combinption with
an endqvascular
prosthgsis

T oOTToosSTS

— Vascular inju-
ry — stent related

Inadequate vis-
ibility of the stent

— None

— None

— Inability to
monitor the stent
over time

— Visibility

Safe overlap-
ping of stents

Dimensional
mismatch be-
tween stents

— Stent separa-
tion

— Poor appo-
sition between
stents

— None

— Ischaemia
— Restenosis

— Thrombosis

— Dimensional
verification of
stent
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Table A.3 (continued)

Potential effect(s) of failure

Device/ Potential
procedure failure Device effect(s) of failure L. Nonclinical
related mode(s) Subsequent Cllm?";l _elffect(s) device testing
. s of failure
function(s) Initial effect(s) effect(s)
Excessive stiff- — None — None — Dissection cre- |— Simulated use
ness or radial ation or extension
force in overlap .
region — Erosion
leading to fistula
formation
— Vascular inju-
ry — stent related
Inaccurate — Stent — None — Ischaemia — Simulated uge
po_smon_mg or separation — Restenosis
orientation
— Thrombosis
— Lumen
obstruction
Angulation or — Stent kink — None — Isch@emia — Kink resistapce
kink at the mar- —<Ttimen ob- — Simulated uge
gin of the overlap .
struction
— Restenosis
— Thrombosis
Loss of stent — Stent fracture |— None — Ischaemia — Fatigue and
Lr\l/t:rgkrlltyi(rilue to — Lumen durability
pping obstruction — Simulated uge
— Vascular injury
-stent related
Excessive over- |— Stent — Ischaemia — Dimensionall
sizing compression, verification of
) — Lumen ob-
collapse, kink or . stent
. ; struction
infolding .
. — Radial force
— Stent occlusion .
(self-expanding
: — Restenosis stents)
Appropriate
sizing recojn- — Dissection — Simulated uge
mendation creation or exten-
sion
— Thrombosis
— Vascular
injury — vascular

stent related

46
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Potential effect(s) of failure

Device/ Potential
procedure failure Device effect(s) of failure L. Nonclinical
related mode(s) Subsequent Clml?f‘l _elffect(s) device testing
- e of failure
function(s) Initial effect(s) effect(s)
Undersizing — Lack of apposi- | — Stent migra- |— Branch vessel |— Dimensional
tion to vessel wall|tion obstruction verification of
— Stent emboli- |— Ischaemia stent
zation | [ R — Radial force
struction (self-expanding
stefit’s)
— Cardiacdys-  |ngi Niated use
function
Excessive recoil |— Lack of ap- — Stent migra- |— Branch ves§el" | — Dim¢nsional
position to the tion obstruction verification of
vessel wall — Stent emboli- |— Ischdemia stent
zation — Lboden ob- — Recqil
struction — Simylated use
Inappropriate de- — — — — Dimg¢nsional
vice size selection verification of
stent
— Stent diam-
eter to balloon
inflatiop pressure
(ballooph-expanda-
ble sterlts)
— Stent length
Kinking — Stent kink — None — Ischaemia — KinKlresistance
— Lumen ob- — Simylated use
Improper — Dack of ap- — None struction — Simylated use
positioning or position to the — Stent occlusion
orientation vessel wall )
— Restenosis
Stent compres-) |— Stent — Stent fracture ) — Crush
sion, collapse; compression, - Thr_omb051s resistaihce, com-
kink or'inffolding |collapse, kink or embolism pressioh resist-
Patency infolding ance, rddial force,
as apprppriate
— Simylated use
Inadequate treat- |— None — None — Vessel throm- |— Simylated use
ment of the lesion bosis . .
- . — KinKresistance
(e.g. dissection, . .
1l . — Dissection
residual stenaosis — Cru

occlusion)

creation or exten-
sion

— Foreign body
embolization

— Restenosis
— Thrombosis

— False lumen
patency

— False lumen
perfusion

resistance, com-
pression resist-
ance, radial force,
as appropriate

— Stent-free
surface area and
stent outer sur-
face area
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Table A.3 (continued)

Device/ Potential effect(s) of failure
Potential . . .
procedure failure Device effect(s) of failure Clinical effect(s) Nonclinical
rela_ted mode(s) Initial off Subsequent of failure device testing
function(s) nitial effect(s) effect(s)
Heating — None — None — Vascular — MR safety
injury — MR — MR for a stent
related .
used in
Lack of quality — None — None — Inability to combination with
Magnetic MRK1maging momt_or ster_lt an endovascular
resonance over time with prosthesis
imaging (MRI) MR imaging
safety — Inadequate
MR imaging
Movement of — Stent — None — Vascular
stent migration injury — MR
related

A.2 Devijce-specific evaluation strategy table

A.2.1 Geperal and focused device evaluation strategy

For a spec
evaluation

ific device design either a focused device evaluatioistrategy or a comprehensive deyice
strategy table may be used to provide the rationale for the testing strategy for the deyice.
The focusdd device evaluation strategy table may be more-efficient for device designs when there

are

discrete dg¢sign characteristics that may affect deviceperformance that may require specific testing,

or for modifications in the device design or intended use resulting in the need to conduct tes

associated
significant

The inforn
evaluation
evaluation
as well as I

For a new
on the unid
in vivo en
only includ

the changeli
device evaluation strategy table (Table A 8) that only 1nc1udes 1nformat10n specific to the modifications.

y different from available technology.

hation provided in Tables A.2-and A.3 may be of use in populating the device-spe
strategy table. The nonclini€al testing column may include information on preclinical in
of the device as relatedrto-the evaluation of a particular attribute or potential failure m
ench tests and analysesas shown in Tables A.2 and A.3.

Hevice, it may besmost efficient to provide a device evaluation strategy table that is focu
jue aspects ofa device design. This would involve first describing the potential effect of
ironment oii<the device (Table A.5) and presenting a device evaluation strategy table
es information specific to the unique aspects of the device and the proposed intended

[ing

with the modifications, rather than répeating all of the testing listed in this document.
The comprehensive device evaluation strategy-table is recommended for device designs that

are

Fific
Vivo
hde,

sed
the
rhat
use

The three categories of focused device evaluation strategy and the associated evaluation guidance
tables are described in Table A.4.

48

© IS0 2020 - All rights rese

rved


https://standardsiso.com/api/?name=24b6be4ab6290a063605e785156af169

ISO 25539-2:2020(E)

Table A.4 — Focused device evaluation strategy of table applicability

Table A5 — Table A.6 — Table A.7 —
. . s Table A.8 —
Design comparison Indication for
Effects of the b .
AR etween a use comparison Focused
In vivo . . .
. previously of a previously device
environment . . .
on the device evaluated device evaluated device evaluation
. and the modified and the study strategy table
evaluation . .
device device
New device 4 |
Deyitedesigm i 4
mofification
Chgnge in intended use ] M
A.2{1.1 Identification of potentially affected attributes for focused device €valuation strategy
Infqrmation to support the focused device evaluation strategy table should include identjfication of
unifue or changed parameters and the associated procedure-related funetions or performance-related
fungtions required for the device to achieve the desired performancCe, that could be affedqted by the
parpmeters. For a new device, this would involve addressing the intivo environment per AJ2.1.1.1. For
a d¢vice design modification or change in intended use, this would’involve addressing the fifferences
betveen the modified and previously evaluated device per A.2:131.2.
The respective tables should be complemented by a rationale to explain why other attribute§ would not
likely be affected by the unique device characteristics 6i~changes in the device and/or the ndications

for

A.2

To

the
strg
pro
the

simulate in vivo conditions. Airexample of this table is provided in Table A.5.

l1S€e.

1.1.1 Invivo environment

hid in explaining why the testing strategy for a device is adequate, it may be helpful
unique aspects of the proposed intended use that could have an impact on the device
tegy, the specific parameters thatare associated with each aspect, the attributes of the
redure that could be affected by-the parameter, and the test methods that could be i
in vivo conditions. This helps.to explain why some testing is needed and how tests are d

Table A.5. —)Effects of the in vivo environment on the device evaluation

to identify
evaluation
device and
hpacted by
lesigned to

Affect

ed test

Unique aspects-ofthe
intended-ise

In vivo parameters

Potentially affected
attributes

methods

Lis
ciat

each unigue’aspect asso-
ed withthe'intended use

Identify each in vivo param-
eter that could be affected

List each procedure-related
function or performance-re-

List the tdsts as-
sociated with the

(e.g. implant location, disease |by the unique aspect. lated function required for |evaluation of the at-
state, lésion type) that may Examples of in vivo pa- the device to achieve the tributes that would
be important in assessing Mmaﬁmc e annA desired performance that be affected by the in

device performance.

vessel sizes, angulation,
movement, tortuosity,
compliance, and flow char-
acteristics.

could be affected by the in
vivo parameter.

vIvo parameters.

A.2.1.1.2 Device design or intended use comparison

For a device design modification or change in the intended use, any design differences and differences
in the intended in vivo environment should be described with identification of the attributes of the
device and procedure that could be affected by the differences and the tests that would be associated
with the evaluation of the attribute. Examples of these tables are provided in Tables A.6 and A.7.
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Table A.6 — Design comparison between a previously evaluated device and the modified device

Comparison of design feature

expected bgn-
efits of des
differences
clude redudged
crossing prjo-
file, improved

Examples of
design feature
differences
include stent
material and

Examples of design

feature character-
istics that may be
associated with a
stent material and
geometry include

Device . characteristics Potentially affected
design _Desngn Previously . device/procedure- Affected
rationale difference evaluated Modified related functions tests
. device name
device name
State the ex- List each Provide a detailed |Provide a detailed |List each device-relat- |Listthe tests
pected benefits |design feature |description of description of the |ed and procedure-re- |associated
of the modified |thatis differ- |relevant design design feature lated function that with the
device design__|ent between [feature character- |characteristics could be affected by evaluation of
as compardd to [the previously |istics of the pre- of the modified the design difference. |the attribiftes
the previoys- |evaluated viously evaluated |device, including that would
ly evaluatefl device and device, including |appropriate quan- beaffecteq
device. modified de- |quantitative values|titative values. by the desjgn
Examples df vice to achieve |as appropriate. difference
the benefit.

intended use

use

related functions

apposition, stent geome- |stent material pro-
and improved |try. cessing, stent wall
deploymenk thickness, and cell
accuracy. design.
Table A.7 — Indication for use comparison of a previously evaluated device and the study deyice
Comparison of in vivo p iallv aff d
Differgnces in the parameters otentially affecte |
A . - - device/procedure- Affected testp
in vivo ¢nvironment Prior New intended

List each in

vivo parameter

Describe the in

DPescribe the in

Identify each individual

List the tests as-

associated ith the differ- |vivo parameter |vivo parameter |device-related and proce- |sociated with th¢
ent intendefd use (e.g. im- for the prewi=* |for the new dure-related function that|evaluation of the at-
plant locatipn, anatomical |ously evaluated |intended use. could be affected by the |tributes that woyld
dimensiondl requirements, |intended-se. difference of the invivo  |be affected by the
disease state, lesion type) parameter. difference of thelin
that may bg important in as- vivo parameters,
sessing devlice performance:

Examples ¢f in vivo pas

rameters ihclude blgod

vessel sizep, angulation,

movement{ tortugsity,

complianc¢, and flow char-

acteristics

A.2.1.2 Focused device evaluation strategy table

A focused device evaluation table should address the device-related and procedure-related attributes
identified in the tables described in A.2.1.1, as applicable, as well as attributes that are relevant to the
unique aspects of the device design.

The columns for a device-specific device evaluation strategy table may include those outlined in
Table A.1; however, additional columns may be added. For example, a column identifying the unique or
modified device characteristics is needed to focus the table on relevant attributes. In addition, a column
on device design information may be included that identifies the key design characteristics intended to
provide the function or to address or mitigate the potential failure mode. This column may also include
relevant information about the design of the device (i.e. design input) that will aid in understanding
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the testing selected to address the attribute or potential failure mode. An example of the columns for a

focused device evaluation strategy table is provided in Table A.8.

Table A.8 — Focused device evaluation strategy table

Potential effects of failure

Device or
procedure-
related
Unique or attribute Value of
Lo that could . information
mo Potential ..
sion feature _po_tﬁtﬁl‘ly_ Potential | Potential de- clinical Device Trom previ- Noncll_mcal
or difference be impacted failure vice effects effects of design ously evalu- device
. Lo by the unique modes of failure . information | ated device testing
in the in vivo - failure )
endironment c'haract?rls- for mo_dlfled
tics or differ- devices
ences or the
new intended
use
Idemtify each |List each State the List the po- List the Discuss the Provide an Identify the
unique or device-related |failures that |tential potential relevant explanation |bg¢nch tests
modlified and might occur |effect(s) of the | effect(s) of inforgration |regarding and analyses
des]gn procedure-re- |and could failure mode |the failure considered how informa- |appropriate
featjure or lated function |resultin on the device. |mode on the in‘the design |tion obtained |tdevaluate
each differ- or feature consequenc- . patients. of the device |from the tHe function
encg in the that could be |es (effects) Descrlbelany b to provide assessment |amd the
invjvo envi- |affected by to the device [POtential DESCI'I- Sally  |the function |of the potential fail-
ronment, as |the device or patient if difference in pgtentlal or mitigate previously ufe mode(s).
applicable. design or the |the function the ty'pe or filfferences the potential |evaluated Tdke into
difference(s) is not severity of the inghe type failure mode |deviceisin- |cdnsideration
identified in maintained dev1Fe effects yQod SeVerity 1 to explain |formative.? the
A.2.1. or improved. of failure as | of the clinical why the infformation
compared@y effects of function will ayailable
the . failure as be main- frpm a previ-
preyviously compared to tained or osly evalu-
eval.uated the ) improved for atled device, if
devu;g for previously a modified applicable.
modified evaluated device
devices. device for '
modified
devices.

he potential for the device to achieve the desired function,

he likelihood of the deviee-to pose a significant safety risk, or

a For example, explain how the ififormation from the previously evaluated device reflects on:

the appropriate testingto address the desired function of the device (e.g. information may be available to indicate tHat one or two
testp are most relevantto’assess a specific attribute to predict clinical performance).

A.2l2 Comprehensive device evaluation strategy

It
the

ay be'helpful to support a comprehensive device evaluation strategy by providing info
in ¥ivo conditions applicable to the intended nse for a device as describedin A 2 11 1

‘mation on

A comprehensive device evaluation strategy should address all device-related and procedure-related
attributes applicable to the device. The columns for the comprehensive device evaluation strategy table
may include those outlined in Table A.1, with the addition of a column for the device design information.

A.3 Testing summary

It is helpful to clarify the applicability of each test described in this document to a specific device or
modification and to state if and how the test protocol was tailored for the device design, implant location
or intended use, and to identify any additional tests that have been conducted. This is best presented in
tabular format with the following information: the tests (i.e. standard testing and additional tests); the
purpose of the test; an explanation of the applicability of each standard test to the device; and a brief

© IS0 2020 - All rights reserved

51


https://standardsiso.com/api/?name=24b6be4ab6290a063605e785156af169

ISO 25539-2:2020(E)

description of how a test has been designed to incorporate unique aspects of the device design or the
intended use/implant location. An example of this table is provided in Table A.9.

Table A.9 — Test summary

Test Purpose of Applicability Impact of device d_e51gn or implant
test location

List the tests from State the pur- |Discussif each of |Discuss if the test protocol for each standard
this document (see pose of each |the standard tests |test has been modified or how each new test has
Annex D) and any addi- |test. are been designed to incorporate the device design or
tional test npp]ir‘nhlp tothe imp]qnf lnr‘nh'nnl/inh:mr‘pr‘ use

device or modifica-

tion.

52 © IS0 2020 - All rights reserved


https://standardsiso.com/api/?name=24b6be4ab6290a063605e785156af169

NOTE

inte
end

ISO 25539-2:2020(E)

Annex B
(informative)

Description of clinical effects of failure

Table B.1 — Descriptions of clinical effects of failure

Table B.1 includes effects of failure that can be relevant to a stent depending on the stent design and
led clinical Table B.2 includ \ditional off f Fail | | 1
bvascular prosthesis or for the treatment of aneurysms or aortic dissections.

sed with an

Event

Description

Adyerse biological response

Unspecified clinical adverse event caused by use of ajnon-biocompatib

le material.

NOTE This clinical effect is not commonly reported?It is often not possible
to link an adverse event to a particular material,“Phese events are mit{gated
through appropriate biocompatibility testing:
Amjputation Removal of a body part due to a failure of the effectiveness of the devige.
Angurysm/ Pseudoaneurysm formation at the iniplantation site due to delayed hepling
psegudoaneurysm around the stent.
forpation
Blopd loss Any blood loss requiring intervention (i.e. transfusion, medical therapy, surgical
repair).
Brgnch vessel obstruction  |Clinically significant, uriplanned obstruction of blood flow of a major branch vessel.

— Arterial branch vessel
obdtruction

Clinically significant; unplanned obstruction of blood flow of an artg
branch vessel.

rial

Tributary branch vessel
obstruction

Clinically signiificant, unplanned obstruction of blood flow of a venous
vessel.

branch

Carjdiac dysfunction

Right heart dysfunction due to stent embolization.

imp

lantation

Empolism Migration of intraluminal debris (e.g. thrombus, atheromas material) |n the
presence of clinical sequelae.
Failure to complete device~, |Inability to implant a stent due to an inability to access the intended

implantation site or to deploy the stent.

Foreign body emboliZation

Intraluminal migration of a stent, fragments of the stent, or pieces of t
system (e.g. balloon fragments, pieces of a delivery system).

he stent

Inal

bility to mofijtor stent

Inability to monitor device integrity and position over time due to an inability to

ovdr time visualize the stent.

Inaequate'MR imaging Inability to obtain quality MR imaging due to distortion or imaging arfefact
caused by the stent.

Insertionsttetnfecton Beveloprentefaiinfectonattheinsertionsiteof the-stentsyster:

Revascularization A repeat procedure (percutaneous or surgical) to restore blood flow.

— Clinically-driven target
lesion revascularization

A repeat procedure (percutaneous or surgical) of the original lesion site due to

worsening clinical symptoms (e.g. pain, wounds).

— Target lesion

A repeat procedure (percutaneous or surgical) of the original lesion site.

revascularization

— Target vessel A repeat procedure (percutaneous or surgical) of a lesion in the target vessel.
revascularization

Stent patency loss or Limited or no flow through the stent.

reduction

— Lumen obstruction Blockage of the lumen of a stent by physical (e.g. kink, twist, collapse), rather

than physiological, means.
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Table B.1 (continued)

Event Description

— Restenosis Significant reduction in luminal diameter when compared to the reference
diameter.

— 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.

— In-stent restenosis Significant reduction in luminal diameter at any point along the length of the
ctantivhan comnarad to tho naoct meacadural pofaranea diqyatar
stent-when-compared-to-the-post-proceduralreference-diameter

— Stent oc¢lusion Complete blockage of the stent lumen.
— Thrombpsis Haemodynamically significant thrombus formation within the lumen ofjthe st¢nt.

— Acutg¢ thrombosis Haemodynamically significant thrombus formation within the lumen,of the stent

up to 24 h after stent implantation.

— Subagute thrombosis |Haemodynamically significant thrombus formation within the’lumen of the stent
between 24 h and 30 d after stent implantation.

— Late $tent thrombosis |Haemodynamically significant thrombus formation within the lumen of the stent
between 30 d and 1 year after stent implantation.

— Very lpte thrombosis |Haemodynamically significant thrombus formatiognwithin the lumen of the stient
beyond 1 year after stent implantation.

Vascular trpuma Injury to a vessel as a result of the stent précedure.
— Access vessel trauma Injury to a vessel at the access site duringthe stent procedure which may result
in hematoma, false aneurysm or arteriovenous fistula.
— Procedufral dissection Tear of the vessel wall during the.stenting procedure.
— Vasculapf injury — Injury to a vessel due to heatingor device movement during MR imaging.
MR related
— Vessel ryipture Rupture of a vessel due,t0excessive ballooning.

Table B.2 — Additional descriptions efclinical effects of failure specific to a stent used in|
combination with an endovascular prosthesis or a stent used to treat an aneurysm or aortic

dissection
Evdnt Description
Aneurysm Any enlargenment of the diameter or volume of the aneurysm sac greater than
enlargement documented measurement error, as determined by contrast-enhanced CT or other ap}

propridate modality.

Aneurysm fupture  |Ryptire of the treated, native aneurysm sac.

Aortic enlafgement ¢« An increase in aortic diameter in a specific segment greater than documented
measurement error as compared to the baseline measurement after treatment. Exam
ples of segments include the aneurysm neck and, for the treatment of dissections, the
treated segment.

Dissection CTeation —[CTeation O eXTENSION of a tear Within The vessel wall- A diSSection can propagate
or extension antegrade, retrograde or in both directions.

— Procedural dissec- |Creation or extension of a dissection during the stenting procedure.
tion

— Post-procedural |Creation or extension of a dissection due to the creation of a new entry tear at the

dissection margins of the stent post procedure.

False lumen Persistence of blood flow into the false lumen after treatment of dissection resulting in
patency lack of complete thrombosis.

— Patent false Flow present throughout the aortic false lumen in the absence of evidence of thrombus,
lumen within a specific segment of the aorta.
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Table B.2 (continued)

lumen

Event Description
— Partially Thrombus within the aortic false lumen that has a residual patent flow channel, within a
thrombosed false specific segment of the aorta.

per

False lumen

fusion (FLP)

Persistence of blood flow into the false lumen from any source after treatment of a

dissection, analogous to endoleaks for the treatment of aneurysms.

Primary intimal

Flow from a proximal aortic source through the primary intimal tear (PIT), into the

I11h

tear (PIT FLP) aortic false lumen (similar to a Type Ia endoleak after treatment of aneurysms).

— Proximal aorta FIow from an aortic source proximal to the treated segment, through an entry tear

(PAFLP) proximal to the PIT, into the aortic false lumen.

— Distal aorta Flow from an aortic source distal to the primary entry tear through fenestratjons in the

(DA FLP) dissection septum, secondary aortic tears, or re-entry points, into the aortic fhlse lumen.

— Distal aorta Flow from an aortic source through fenestrations in the dissection septum, s¢condary

(DA FLP)a aortic tears, or re-entry points, into the aortic false lumen within the treated segment.

— Distal aorta Flow from an aortic source through fenestrations in the dissection septum, s¢condary

(DA FLP)b aortic tears, or re-entry points, into the aortic false lunifen distal to the treated segment.

— Proximal branch |Flow into the aortic false lumen via retrograde flow\frem aortic arch branch yessels.

(PHFLP)

— Pistal branch Flow into the aortic false lumen via retrogradeflow from distal branch vessels in the

(DB FLP) chest (intercostals), abdomen (e.g. mesenteric/renal), or pelvis (iliac).

Stepted branch Reduction of blood flow in a stented bratich vessel when the stent is used in cpmbination

veskel loss of with an endovascular prosthesis.

patency

Stept-related Persistence of blood flow abluminal to the endovascular prosthesis.

endoleak

— $tent-related type |An endoleak arising from ah inadequate seal between a stent and the endovasgcular

I1la prosthesis (e.g. an endeleak at the junction of a renal stent and the fenestratiqn in an
endovascular prosthésis).

— $tent-related type |An endoleak arising from holes in the graft material due to wear between a s{ent and an

endovascular prosthesis.
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NOTE

Annex C
(informative)

Description of device effects of failure

Table C.1 includes effects of failure that can be relevant to a stent depending on the stent design and

intended clinical use Table C 2 includes additional effects of failure that can be relevant to a stent used with an

endovascul

r prosthesis or for the treatment of aneurysms or aortic dissections.

Table C.1 — Description of device effects of failure

Event

Description

Access faily

re

Failure to reach the intended site with the stent system due to-mechanical failgre
or patient anatomy.

Accessory dlevice failure

Inability to use the accessory device as intended due te-mechanical failure.

Active fixation element

1

(hook/barly) fracture

Fracture or breakage of a positive fixation element (e.g. hook, barb).

Balloon ruﬂture

Bursting of a balloon used in the deployment{post-dilation or touch-up of a stent.

Delivery system damage

Damage incurred to the delivery system (e.gi kink, bond failures, complete tip
separation).

Deploymenft failure

Inability to deploy the stent per the igstructions for use.

ment failur

— Balloon-related deploy-

e

Inability to fully deploy the stent due to balloon failure.

vessel wall

— Delivery|system-related |Inability to deploy the stentat the intended site due to mechanical failure.
deployment failure

— Inability| to deploy Inability to deploy the stent at the intended site due to patient anatomy.
Inaccurate deployment Improper positiohing, configuration or orientation of the stent during deployment.
Lack of applosition to the Incomplete or.a loss of contact of the stent to the vessel wall.

Loss of stenjt integrity

Fracturle or breakage of the stent.

stents

— Bond frgcture Fracture or breakage of bonds (e.g. welds) between support structure components.
— Connectpr or link break |[Fracture or breakage of connectors or links between stent rings or stent strutg.
or fracture

— Strut fracture Fracture or breakage of stent struts.

Particulate|generation Embolization of particles or particulate matter associated with the stent system.
— Acute pdrticulate Embolization of particles during stent advancement, deployment, and withdrayval.
generation

— Chronic pafteutate Embelization-efparticlesovertimefromthestent

generation

Poor apposition between Incomplete apposition between overlapping stents (e.g. shelving).

Stent compression,
collapse, kink or infolding

Significant reduction in luminal diameter due to compression, collapse, kink or
infolding. Contributing factors may include excessive oversizing, local compres-
sion or increased stiffness at the overlap region between stents.

Stent dama

ge

Damage to the stent incurred during access or withdrawal of the delivery system.

Stent displacement

Movement of the expanded stent from its intended implantation site during with-
drawal of the delivery system.

Stent dislodgement from
the delivery system

Inability to deploy a stent at the intended site due to movement of a pre-mounted
stent from the crimped position on a nonexpanded balloon.
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Table C.1 (continued)

Event

Description

Stent embolization

stream organ (e.g. heart).

Embolization of the stent from the intended implantation site that affects a down-

Stent migration

Movement of the stent from the intended implantation site.

Stent separation

Separation between overlapping stents.

Table C.2 — Additional descriptions of device effects of failure specific to a stent used in
combination with an endovascular prosthesis or a stent used to treat an aneurysm or aortic

dissection

Event

Description

Brgnch vessel stent
compression or kKink

Clinically relevant reduction in luminal diameter of a stent due to compres

(e.g. due to migration of the main body component of an endoyascular prosfhesis).

ion or kink

Corpponent separation

Separation between a stent and an endovascular prosthesis;

Poqr apposition between
components

Incomplete apposition between a stent and an endovascular prosthesis.

Ste
ma

ht-related graft
rerial holes

Holes in the graft material due to wear betweema’stent and an endovasgular

prosthesis.

fra

Sugport structure

Cture

Fracture or breakage of the support strueture of an endovascular prosthefpis

(e.g. fixation system) due to wear betwgerra stent and an endovascular pr

bsthesis.
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D.1 Gen

Annex D
(informative)

Test methods

ral

The inforn
performed
also provid
designs. It

jation included in this annex is intended to provide guidance for preclinical in vitre, tes
in order to verify the design of the stent system. Guidance for reporting the test|resulf
ed. [tis recognized that not all of the tests described in this annex are applicable to all sys
s also recognized that testing intended to ensure that the device meets specifications du

manufacture may be conducted in accordance with the details outlined in this annex:

q

J

NOTE 1
prostheses
can be usec

pecific guidance for preclinical in vitro testing of stents used in combimation with endovasc
hre not included in this annex or in ISO 25539-1:2017, Annex D. Methods_préesented in these ann

combination.

Guidance
designing
consistenc
outlined in
justified. It
report sho

As identifi
test metha
(e.g. MRI s4

to develop appropriate tests to verify the design of stents and endovascular prostheses use

Ior developing appropriate test methods is included inythis annex allowing flexibilit

hppropriate methodologies for specific device designs_and indications for use. To eng
y in the testing of devices, use of the methods developed based on the steps and concg

[ing
s is
fem
[ing

ular
bXes
d in

U in
ure
pts

this annex is recommended. If alternative methods, are employed, these methods should be

is recognized that some tests listed in this annex can be combined. For combined tests,
h1d provide the individual test results for each'of the tests listed in this annex, if appropri

bd in Table D.1, some requirements in the body of this document do not have an associz:
d guidance in this annex, as the methodologies are better addressed by other stand3
1 fety).

Modificatigns to existing test methods or inclusion of additional test methods might be required

various st
relevant p}
water bath

To ensure ¥
and be cal
should be 2

NOTE2 4
considerati

ent system designs. Whendidentifying testing conditions, attention should be paid to

the
ate.

ted
rds

for
the

ysiological conditions. A sSimulated physiological environment (e.g. a temperature-controflled

should be used when appropriate.

ralid results, measurement equipment used during testing should have appropriate accur
brated or verified’against traceable measurement standards, as appropriate. The accui
dequate to determine the measured value relative to the acceptance criteria.

\lthough this'is an informative annex, the terms “should” and “shall” are used to differentiate betw
ns and<critical components of the methods, respectively.

acy,
acy

feen

D.2 Sam

ping

A sampling plan should be utilized which ensures that adequate representation of the data has been
obtained for each characteristic measured. It should be verified that the design attributes of the
stent system are representative of the devices to be released for distribution, including all sizes,
configurations and components.

If the purpose of the test is to evaluate the interaction between modular components (e.g. separation
force between a stent and an endovascular prosthesis used in combination) or overlapping stents or
if the attribute under test could be significantly affected by the overlap (e.g. kink resistance), the test
articles should include overlapped stents.
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The sampling should fully represent the range of device sizes and might not necessarily require the
testing of each size. It may be necessary to conduct an analysis to identify the size(s) of the device with

the greatest potential for failure. A rationale should be provided for sample selection.
Segments or portions of the complete stent may be used as the test articles if appropriately j

The need for testing of more than one area in a stent to ensure adequate characterizatio
parameters (e.g. flared end of stent) should be considered in establishing the sampling plan.

For all tests, the number of samples should be justified.

Additi
appropriate.

NOTE Additional guidance regarding sampling can be found in ASTM F3172.

D.3

All
jus

Conditioning of test samples

samples should be subjected to sterilization, including multiple sterilizations, if appropr
ification is provided for use of non-sterilized products.

Sanpples should be subjected to conditions that are normally encauntered and that can aff
restilts. Examples of conditioning are preparation of the stent system, loading the stent on o
delivery catheter, passage through simulated tortuous vasculature, and deployment of the
envliironment with physiologically relevant temperature.

D.4 Reporting

For|the purposes of this annex, reporting relate§’to requests from a national regulatory auth

ustified.

n for some

methods, as

ate, unless

bct the test
" inside the
stent in an

ority.

The design evaluation report should include an appropriate table of contents and four main sections:

(1) |background, (2) an executive suminary, (3) individual test summaries, and (4) appel
include the device evaluation strategy-and the detailed reports. Pages should be numbered s
thrpughout the document (including-dppendices).

a)
b)

The background section should describe the device design concept.
The executive summary should include:

a description.efthe bench testing and analyses that have been performed;

a summary of the device evaluation strategy, including justification for the omiss
identified in this document;

a-table to summarize the testing completed, with the following columns: name (
purpose, test sample description, number of samples, acceptance criteria, summar

dices that
bquentially

on of tests

f test, test
U of results

and conclusions, and cross references to the test summary and full test report;

a summary conclusion statement.

Individual test summaries should include:

— abrief summary of the purpose, methods, and results;

— the significance of the test results:

— for tests with acceptance criteria, justification for the criteria, or

— for characterization tests, an explanation of the relevance of the results.
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d)

Clinical ap
physiologic

D.5 Test

D.5.1 Ge

Clause D.5

Individual test reports should include the following information:

— purpose: state the purpose of the test as it corresponds to this document;

— materials: list significant materials (e.g. test articles with lot/serial numbers or other
appropriate means of traceability, critical equipment) used in performing the test, using figures

an

d diagrams as appropriate;

— sampling: state the sampling plan, including the basis for and the number of samples tested and
justification for the selection of test articles (e.g. sizes, conditioning);

— ac

test m
define

protoc
of the

expres
discus

conclu
explan

£ it 3 Ly L Ll
.«b}lbqll\,b criteliq, 11 ayyu\,aul\,.
the International Standard used (i.e. ISO 25539-2:2020);
the method used (if the standard includes several);

the result(s), including a reference to the clause which explains how the results W
calculated;

any deviations from the procedure;

any unusual features observed;

the date of the test.

the criteria for the test results, including justificationiand/or clinical relevance;

plicability of the acceptance criteria shall takeZinto consideration the anatomical
al conditions of the intended use.

bthod: describe in detail the method used £¢’ perform the test, including any prospecti
1 inspection procedures, and provide a justification for relevant test parameters;

results;

sion of results: report testingresults expressed in units as indicated in the test method;

Kions: state concluSions, based on comparing results to acceptance criteria or provide
ation of the relevance of the results for characterization tests.

method 'development guidance

neral

ol deviations: describe any deviations and their potential significance on the interpretat

Kion, if applicable: include;a’discussion on the potential clinical significance of the results;

fere

and

Uely

—e

on

U

an

D.1.

lick LA I £, 4= 4 1 s A a A | £ . 41 | a : H Tolal
IISTS gUIUTIIIITS TUT TESLS WIHTCT T dPplupIiditc, AllNTHUTA U LCSU ITITUHIUUS 15 gIVEITN T 1dUIT

Additional guidance for developing test methods can be found in the informative standards listed in
Table D.1. These standards are included for reference purposes and are not required for conformance to
this document.

Table D.1 — Index of test methods

Design
evaluation Tests Annex D subclause Informative reference
subclause
8.5.1 Stent system and delivery system D.5.2
8.5.1.1 Balloon testing D.5.2.2
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Table D.1 (continued)

ev]:l‘lelf;%?on Tests Annex D subclause Informative reference
subclause
8.5.1.1.1 Balloon deflation time D.5.2.2.2
8.5.1.1.2 Balloon rated burst pressure D.5.2.2.3
8.5.1.1.3 Balloon rated fatigue D.5.2.2.4 ISO 10555-4
8.5.1.14 Dogboning D.5.2.2.5
8.51.2 Dimensional verification of the stent D523 ASTM F2081
system Q
8.5]1.3 Dislodgement force (pre-mounted, D.5.2.4 ASTM F239@‘l/v
balloon-expandable stents) =
8.5[1.4 Force to deploy (self-expanding stents) D.5.2.5 Q/ v
8.5|1.5 Acute particulate generation D.5.2.6 F (a)rﬁg-eluting, Absorba-
(.%‘fé,)and coated stpnts:
O l{ASTM F2743
S\\% AAMI TIR42
@) 1SO 12417-1
Q<< ISO/TS 17137
‘\\Q 1S0 17327-1
8.5[1.6 Profile effect/flaring (balloon-expanda- 52.7
ble stents) \O@
8.5[1.7 Simulated use Q\'\ D.5.2.8
8.5[1.8 Tensile bond strength ’\\Q)‘ D.5.29 ISO 10555-1
8.5/1. Torsional bond strength ¢y D.5.2.10 1S0 10555-1
8.5|1.10 Haemostasis \{‘\ No test method proposed. May evaluate as part of in
,.’\\Q vivo animal study or alternative.
8.5]1.11 Biocompatibility N See I1SO 10993-1 and other appropriate pgrts.
8.5[1.12 Sterilization assy,&kce See appropriate international standards.
8.5|11.13 Visibility (',&) D.5.2.11 ASTM F640
8.5]2 Stent () e D.5.3
8.5]2.1 Corrosio, D.5.3.1 See test method [).5.3.1.5.
8.5|2.2 Fz@ﬂmd durability —computational |D.5.3.2 ASTM F2514
a?~ S€s ASTM F3211
\§> ASME V&V40
&2_3,(?”\ Fatigue and durability — in vitro testing |D.5.3.3
%ﬁ)l‘ General D.5.3.3.1 ASTM F2477
ASTM F2942
ISO/TS 17137
ASTM F3211
8.5.2.3.2 Radial fatigue and durability D.5.3.3.2 ASTM F2477
8.5.2.3.3 Axial fatigue and durability D.5.3.3.3 ASTM F2942
8.5.2.3.4 Bending fatigue and durability D.5.3.34 ASTM F2942
8.5.2.3.5 Torsional fatigue and durability D.5.3.3.5 ASTM F2942
8.5.2.3.6 Compression fatigue and durability D.5.3.3.6
8.5.2.4 Patency-related tests D.5.3.4
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Table D.1 (continued)
Design
evaluation Tests Annex D subclause Informative reference
subclause
8.5.2.4.1 Compression resistance to perpendicular- |D.5.3.4.1
ly-applied load (self-expanding stents)
8.5.2.4.2 Crush resistance with perpendicularly-ap- |D.5.3.4.2
plied load (balloon-expandable stents)
8.5.2.4.3 Crush resistance with radially-applied D.5.3.4.3 ASTM F3067
load-baHoen—-expandablestents)
8.5.2.4.4 Radial force (self-expanding stents) D.5.3.4.4 ASTM F3067
8.5.2.4.5 Kink resistance (flexibility) D.5.3.4.5
8.5.2.4.6 Stent-free surface area and stent outer D.5.3.4.6 ASTM F2081
surface area
8.5.2.5 Sizing-related testing D.5.3.5
8.5.2.5.1 Dimensional verification of stent D.5.3.5.1 ASTM E2081
8.5.2.5.2 Stent diameter to balloon inflation pres- |D.5.3.5.2
sure (balloon-expandable stents)
8.5.2.5.3 Stent length D.5.3.5.3
8.5.2.54 Recoil (balloon-expandable stents) D.5.3.5.4 ASTM F2079
8.5.2.6 Magnetic resonance imaging (MRI) safety |See appropriate international standards.
8.5.2.7 Stent and an endovascular prosthesisin  |Parallel niethods from this document may be used
combination to aid ifvdeveloping appropriate test methods. For
separation force, additional guidance may be foupd
inISO 25539-1:2017,8.5.2.4.3 and D.5.2.4.3.
8.5.3 Absorbable stents and stents N/A ISO/TS 17137
containing an absorbable coating
8.54 Coating on a delivery system N/A
8.5.5 Coating on a stent N/A IS0 17327-1
8.5.6 Drug-eluting stent N/A ISO 12417-1
D.5.2 St¢nt system and delivery System
D.5.2.1 (Qeneral
The subclause D.5.1 desgribes testing that includes the stent system, the delivery system without{the
stent, and balloons integral to the stent system.
D.5.2.2 Balloon-testing

D.5.2.2.1

Gemerat

The following tests apply to balloons integral to the stent system.

D.5.2.2.2 Balloon deflation time

D.5.2.2.2.1 Purpose

The purpose of this test is to determine the time required to deflate the balloon when inside of the stent.
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.2.2.2.2 Materials

The following materials apply:

D.5

Sanppling shall be in accordance with Clause D.2.

D.5

Con

D.5
Dev

a)

b)
‘)

D.5
Thd

D.5
Thd

stent system;
recommended guidewire or equivalent;
temperature-controlled water bath (37  2) °C;

contrast medium as specified in the IFU or fluid with equivalent viscosity;

inflation device fitted with a means of measuring pressure, and of maintainingth
pressure;

timer with an accuracy of #1 s.

2.2.2.3 Sampling

2.2.2.4 Conditioning

ditioning shall be in accordance with Clause D.3.

2.2.2.5 Test method

elop a test method based on the following steps:

inflation steps per the IFU.
Inflate the balloon in accordance with the IFU.

Deflate the balloon in accordance;with the IFU and record the time it takes to deflate thd
the pre-determined end pointrepresentative of a deflated condition.

2.2.2.6 Expression of results

deflation time should-be expressed in seconds (s).

2.2.2.7 Testreport

test repornt shall be in accordance with Clause D.4 and include the maximum, minimum|

e inflation

For balloon-expandable stent, submerge the stent in the water bath and complete any pre-balloon

balloon to

mean and

stamdard deviation of the balloon deflation time. The definition of the deflation end point afd the fluid

use

1 fot inflation shall also be reported.

D.5.2.2.3 Balloon rated burst pressure

D.5.2.2.3.1 Purpose

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

D.5.2.2.3.2 Materials

The

following materials apply:
stent system,;

recommended guidewire or equivalent;
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— temperature-controlled water bath (37 * 2) °C;

— fluid for inflation (e.g. room temperature water);

— pressure gage;

— inflation device fitted with a means of measuring pressure and capable of maintaining the inflation
pressure;

— timer with an accuracy of 1 s.

D.5.2.2.3.3— Sampling

Sampling shall be in accordance with Clause D.2.

D.5.2.2.3.4 Conditioning

Conditioning shall be in accordance with Clause D.3.

D.5.2.2.3.§ Test method

Develop a flest method based on the following steps:

a) For balloon-expandable stents complete any pre-inflation stepser the IFU.

b) Since Balloon behaviour might be affected by temperature, submerge the stent system in the w
bath fgr a minimum of 2 min. Initiate inflation of the balloon, bringing the balloon to the nomjfinal
inflatipn pressure.

c) Inflatethe balloon using a clinically relevant pre-determined pressure profile versus time (e.g.
at eaclh) selected pressure increment).

d) Monitgr the system for decrease in pressure-due to a persistent leak, rupture, or other failure m
(e.g. shaft failure, seal leak).

e) Repeafsteps c) and d) until a decrease-in pressure due to a persistent leak, rupture, or other fai
mode js detected.

f) Record the burst pressure and-describe the location and failure mode [e.g. shaft failure, seal |
balloof rupture (including orientation of rupture), or fragmentation].

g) Deterrpine the rated burst pressure. The rated burst pressure (P,,) is based upon the results of
testing that shows&tatistically with at least a 95 % confidence that 99,9 % of the balloons will

burst 4

tolerance limit\for a normal distribution:

hter

10 s

ode

ure

bak,

this
not

t or below. this pressure. The P, can be calculated in the following manner using a one-sided

P, =X K(D,)
where
X  isthe mean balloon burst pressure (P,;);
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is the standard deviation of balloon burst pressure;

is the factor of one-sided tolerance limit for a normal distribution (K is found in statistical
tables and is dependent on P, C, and N);
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P isthe 0,999 (99,9 % reliability);
C isthe 0,95 (95 % confidence);

N is the number of balloons tested.

D.5.2.2.3.6 Expression of results

The burst pressures should be expressed in atmospheres (atm) or kilopascals (kPa).

D.5

Thd
the
fail

D.5

D.5

The
rep
cyc

D.5
The

2.2.3.7 Testreport

test report shall be in accordance with Clause D.4 and shall include the mean burstpréss
calculated RBP, the maximum, minimum, and standard deviation of the burstdata an
ire modes.

2.2.4 Balloon rated fatigue

2.2.4.1 Purpose

purpose of this test is to evaluate the ability of the balloon,when inside of the stent, to
pated inflation cycles to the rated burst pressure, taking int¢-consideration the number
es expected clinically for balloon-expandable stents.

2.2.4.2 Materials

following materials apply:

stent system;

recommended guidewire or equivalent;
temperature-controlled water bath (37 + 2) °C;
fluid for inflation (e.g. room.temperature water);

leak detection mechanism (e.g. dye in the test fluid, pressure gage, flow rate monitor);

pressure;

compliant. tube (with a clinically relevant radial compliance) of a diameter which repi
largest recommended vessel diameter for the stent under test, if necessary to keep the
moving-eXcessively during the inflation cycles;

timer with accuracy of #1 s.

ure (MBP),
l observed

withstand
bf inflation

inflation device, fitted with a means of measuring pressure, and capable of maintaining the inflation

‘esents the
stent from

D.5.2.2.4.3 Sampling

Sampling shall be in accordance with Clause D.2.

D.5.2.2.4.4 Conditioning

Con

ditioning shall be in accordance with Clause D.3.
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D.5.2.2.4.5 Test method

Develop a test method based on the following steps:

a) Submerge the stent system in the water bath and deploy the stent in the water bath or in the
compliant tube, as appropriate, inflating the balloon using a clinically relevant rate, to the rated
burst pressure, maintain pressure for a minimum of 10 s or for the length of time stated in the IFU.

b) Deflate the balloon.

c) Repeatsteps a) and b), with the balloon inside of the stent, a clinically relevant number of inflation
cycles, i i 1ot i r to
provide an appropriate factor of safety.

d) If any persistent leak or decrease of pressure occurs during testing, record the numbern,of cygles
and tHe mode of failure [e.g. seal leak, balloon rupture (including orientation of,rupture), or
fragmeéntation]. Any such leak or decrease in pressure due to failure of the balloomnjshaft, proximal
seal, or distal seal, should be considered a failure in this test.

D.5.2.2.4.4 Expression of results

Pressure shall be expressed in atmospheres (atm) or kilopascals (kPa).

D.5.2.2.4.7 Testreport

The testreport shall be in accordance with Clause D.4 and shall include the number of cycles successfully

completed] the maximum number of cycles expected clinically, any observed failure modes, and|the

maximum |nflation pressure. The selected tube diameter(s),:if used for testing, shall be justified.

NOTE Additional information regarding balloon rated.fatigue can be found in ISO 10555-4.

D.5.2.2.5 |Dogboning

D.5.2.2.5.1 Purpose

The purpope of this test is to determine the diameter(s) of the balloon extending beyond the ends of

the stent that are greater than the sstent outer diameter(s) at the maximum recommended inflafion

pressure (¢.g. rated burst pressure].

D.5.2.2.5.2 Materials

The follow|ng materialstapply:

— stent slystem;

— recommended guidewire, or equivalent, as appropriate;

temperature-controlled environment (37 * 2) °C;

fluid for inflation (e.g. room temperature water.);

inflation device fitted with a means of measuring pressure and capable of maintaining the inflation
pressure;

measuring equipment for diameters (e.g. micrometre, optical profile projector, laser-micrometre,
appropriate profile hole gauges).

D.5.2.2.5.3 Sampling

Sampling shall be in accordance with Clause D.2.
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D.5.2.2.5.4 Conditioning

Conditioning shall be in accordance with Clause D.3.

D.5.2.2.5.5 Test method

Develop a test method based on the following steps:

a)
b)

Prepare the stent system.

Insert the appropriate guidewire in the device, as appropriate, in accordance with the IFU.

‘)
d)

e)

f)

D.5

Bal

Place the device in the temperature-controlled environment.
Allow to equilibrate to test temperature.

Inflate the balloon, using a clinically relevant rate, to the maximum pressure as indic
[FU, maintaining pressure for a minimum of 30 s, or for the inflation tirhe stated in th
is, if the inflation time stated in the IFU is longer than 30 s, that longertime should be u
test, unless adequate justification is provided for using a shorter dufation.

While the balloon is at the maximum recommended inflation pressure (e.g. rated burst
measure the maximum balloon outer diameter at both ends; for each end of the stent, ]
outer stent diameter in two perpendicular directions, and,'determine the average, the
the difference between the balloon and stent outer diameter for each end.

2.2.5.6 Expression of results

oon and stent outer diameter (OD) shall be\expressed in millimetres (mm). Pressu

expressed in atmospheres (atm) or kilopascals_(kPa).

D.5
Thd

med
infl
D.5

D.5

Thd
leng

D.5

2.2.5.7 Testreport

test report shall be in accordatnce with Clause D.4 and shall include the maximum,
in and standard deviation of the measured diameter differences at the balloon ends. The
htion pressure at which meastirements were made shall be identified.

2.3 Dimensional verification of the stent system

2.3.1 Purpose

purpose of this test is to determine the stent system dimensions, including the usable
rth, profite;and all other appropriate dimensions, for conformance with design specificat

2.3:2" Materials

hted in the
b [FU. That
ted for this

pressure),
easure the
h calculate

re shall be

minimum,
maximum

pr working
ions.

The Tollowing materials apply:

stent system,;

equipment for establishing the profile of the stent system:

— measuring equipment for diameters (e.g. micrometre, optical profile projector, laser-

micrometre);
— appropriate profile hole gauges;

measuring equipment for length.
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D.5.2.3.3 Sampling

Sampling shall be in accordance with Clause D.2.

D.5.2.3.4 Conditioning

Conditioning shall be in accordance with Clause D.3.

D.5.2.3.5 Test method

Develop a testmethad based onthe Fn"nuring-

a) Establ]sh the profile of the stent system along the usable or working length using oné |ef|the
follow|ng methods:

1) mg¢asure the maximum outer diameter of the stent system using the appropriate measuring
ingtrument; or

2) vefify that the outer diameter fits through the appropriately sized profile hole gauge.
ConsiT&ration should be given to the potential for asymmetry.

b) Measufe the usable or working length of the stent system using”an appropriate measufing
instrument.

c) Measufe all other appropriate dimensions.

D.5.2.3.6 |Expression of results

Length shalll be expressed in centimetres (cm). Other dimensions shall be expressed in millimetres (nmpm).

D.5.2.3.7 |Testreport

The test r¢port shall be in accordance with tlause D.4. The test report shall include the maximjum,
minimum, [mean and standard deviation. of"all measured dimensions and the results of any verified
dimension$ (e.g. pass-through hole gauge).

NOTE Additional information regarding dimensional verification can be found in ASTM F2081.
D.5.2.4 Dislodgement force-(pre-mounted, balloon-expandable stents)

D.5.2.4.1 |Purpose

The purpofpe of thestést is to determine the force required to displace the pre-mounted stent fronp its
position or] the non-expanded balloon.

D.5.2.4.2 "Materials

The following materials apply:

— stent system;

— temperature-controlled environment (37 * 2) °C;

— mechanical testing system equipped with a suitable load cell, a constant rate of traverse and
suitable gripping fixture for the balloon catheter;

— a fixture that allows the stent to be removed from the balloon, while minimizing interaction
between the balloon and the fixture;
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— recommended guidewire or equivalent;

D.5.2.4.3 Sampling

Sampling shall be in accordance with Clause D.2.

D.5.2.4.4 Conditioning

Conditioning shall be in accordance with Clause D.3 and shall include tracking through a tortuous
anatomical model in a temperature-controlled water bath using appropriate accessory devices

(e.

D.5

Dev

a)
b)

‘)
d)

e)

f)

D.5

For

D.5
The

introducer-sheatiy:
2.4.5 Test method
elop a test method based on the following steps:

Insert the guidewire into the stent system.

Secure the stent in the stent gripping fixture within the water bath ©tother appropriate
test environment.

Attach the tip or the shaft of the delivery system to the other grip of the testing system.

Activate the test system to separate the stent from the delivery system using a constant
speed (e.g. 200 mm/min).

Record the force until the stent moves beyond a pre-specified critical distance (e.g. thg
the balloon) or until a clinically acceptable load«s achieved.

Repeat steps a) to e), using a new sample;.féversing the direction of load application (i
both proximal and distal dislodgement forces).

2.4.6 Expression of results

Ce shall be expressed in newtons (N).

2.4.7 Testreport

test report shall bein’accordance with Clause D.4 and include the maximum, minimum|

stapdard deviation gf-the peak force, for both proximal and distal dislodgement.

NOTI

D.5

E Additional information regarding dislodgement force can be found in ASTM F2394.

2.5 Ferce to deploy (self-expanding stents)

D.5

ly justified

crosshead

margin of

e. evaluate

mean and

2:5.1 Purpose

The purpose of this test is to determine the force to deploy the stent by the operator under simulated
anatomical conditions. All applicable steps of the deployment process should be evaluated.

D.5.2.5.2 Materials

The

following materials apply:
stent system,;

accessory devices necessary to accomplish deployment in accordance with the IFU;
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— anatomical model that includes a delivery pathway and a deployment location; the angulation, and
tortuosity and diameter of the intended stent deployment location and delivery pathway (including
access pathway) should be representative of a challenging anatomical configuration.

An assessment of the parameters that affect the force to deploy a particular system design shall be
considered in designing an appropriate anatomical model. Literature and patient data are appropriate
sources to identify challenging anatomy. Selection of the model material and model geometry should
take into consideration the compliance of the vasculature being represented by the model. The expected
response of the in vivo vessel to the insertion of accessory devices (e.g. guidewire, introducer sheath)
and the stent system, and the friction associated with the model material, should also be considered in
selecting the model material and test fluid:

— force measuring mechanism (e.g. force gauge, mechanical testing system);
— gripping fixture;

— temperature-controlled water bath (37 + 2) °C.

D.5.2.5.3 |Sampling

Sampling ghall be in accordance with Clause D.2. Stent systems to be tested.should be representative
of the devices that have the potential for the highest deployment force(The effect of diameters pand
lengths shoguld be taken into consideration in the selection of devices for testing.

D.5.2.5.4 |Conditioning

Conditioning shall be in accordance with Clause D.3.

D.5.2.5.5 |Test method

Develop a flest method based on the following steps:

a) Prepare the stent system per the IFU.

b) Insertfhe stent system into the anatomical model.

c) Attach/the deployment mechani§m to the load measuring equipment.
d) Allow the device to stabiliz€ at physiological temperatures.

e) Initiate and completethe deployment per the IFU at a rate that simulates clinical use while
measufring the forceto)deploy the stent. If multiple mechanisms are required for deploying a sfent
(e.g. t%her wire release, rotation of thumbwheel, sheath pull back), the force to deploy should be
measufred for each of these relevant deployment steps.

f) Record any ahomalous observations (e.g. buckling) for each test sample.

D.5.2.5.6 Expression of results

For each deployment mechanism, the maximum force required to deploy the stentis recorded in newtons
(N) or newton-meters (N'-m), as appropriate. Record any anomalous observations (e.g. buckling) for
each test sample.

D.5.2.5.7 Testreport

The test report shall be in accordance with Clause D.4 and shall include the maximum, minimum, mean
and standard deviation of the deployment forces and any anomalous observations. The report shall
include a description of and justification for the anatomical model used (e.g. angulation, tortuosity,
diameter and construction material of the model).
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D.5.2.6 Acute particulate generation

D.5.2.6.1 Purpose

The purpose of this test is to evaluate the number of particles generated acutely from the stent system
that could be associated with advancement, deployment, and withdrawal.

D.5.2.6.2 Materials

The following materials apply:

— |stent system,;

— |accessory devices necessary to accomplish deployment in accordance with the IFU (e.g.[guidewire,
introducer sheath, balloons used to achieve adequate apposition of the stent);

— |anatomical model that includes a delivery pathway and a deployment locatien;

— [fixture capable of delivering or maintaining particle-free water or appropriate fluid at pHysiological
temperature (37 * 2) °C;

— |particle counting system with applicable equipment (e.g. particulate analyser, microscope) capable
of achieving a 290 % recovery demonstrated for 210 pmsand 225 pm and a = 75 Y% recovery
for 250 um particle size ranges.

D.5|2.6.3 Sampling

Sanppling shall be in accordance with Clause D.2.

D.5|2.6.4 Conditioning

Corlditioning shall be in accordance withClause D.3.

D.5{2.6.5 Test method
NOTE Acute particulate testing'of stent systems for drug-eluting, absorbable, and coated stents is not within
the cope of this test method ahd-guidance can be found in ASTM F2743, AAMI TIR42, I1SO 12417-1,190/TS 17137
and|ISO 17327-1.

Develop a test methed\based on the following steps:

a) |Connect théranatomical model to the fluid system and allow the test system to gtabilize at
temperatuve and other relevant conditions; or alternatively, fill the anatomical model with fluid
and allow/the test system to stabilize at temperature.

b) [Determine the baseline number and size of particles from the test apparatus.

c¢) Following the TFU and using the appropriate accessory devices, advance, deploy and withdraw the
stent system and count the number of particles in each size range.

d) Flushthe anatomical model and when appropriate, other associated fluid contact regions of the test
apparatus until the detected particle counts match the baseline or other test termination criteria.

D.5.2.6.6 Expression of results

Particle size shall be expressed in micrometres (um) and should be presented in appropriate size bins
(e.g. 210 pm, 225 pm, =50 pm).
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D.5.2.6.7

Test report

The test report shall be in accordance with Clause D.4. The maximum, minimum, mean and standard
deviation of the particle counts in each size bin shall be reported.

D.5.2.7 P

D.5.2.7.1

rofile effect/flaring (balloon-expandable stents)

Purpose

The purpose of this test is to determine the difference between the outer diameters of the stent and the

outer dian

D.5.2.7.2
The follow
— stents

— anator]
dimen
design|

Ll 1 1l £, 1 1 rod h 1 1 1
CLCTS O6'LIIC DAIlOOI d5 HI4dITuldCiul el dlltd dIlCh LIdCKIITE LIITOUZIT d tOT'tUous pdatll.

Materials
ng materials apply:
ystem,;

hical model that includes a delivery pathway and a deployment locdtion; the tortuosity
sions of the intended implant location and delivery pathway shotld be considered in
of the model; the use of a compliant model should be considered;

— measufring equipment for diameters (e.g. micrometre, optical profile projector, laser-microms

calibrg
— access
— tempe

(e.g.p1
betwe

ted callipers);

bry devices, necessary to accomplish deployment in ‘accordance with the [FU;

e-soaked at (37 = 2) °C). for stents and balloonswith dimensions that are sensitive to char
bn ambient and physiological temperatures;

— appropriate inspection equipment, e.g. light microscope with camera;

— cylind
D.5.2.7.3
Sampling s
D.5.2.7.4

Conditioni

D.5.2.7.5

[ical gage or template of known radius.

Sampling

hall be in accordance with Clause D.2.

Conditioning

hg shall be inaecordance with Clause D.3.

Test method

and
the

tre,

rature-controlled water bath (37 = 2) °C or other appropriately justified test environnpent

ges

Develop a t

estymethod based on the following:

a) Measure the outer diameter of the stent mounted on the balloon at the proximal and distal ends and
the outer diameter of the uninflated balloon proximal and distal to the stent, using the appropriate
dimensional measurement instrument; profile measurements should be obtained for at least two
axes perpendicular to the longitudinal axis of the test article or by rotating the stent system until
the maximum diameter of both the stent and uninflated balloon are obtained.

b) Record profile measurements and calculate the difference between the stent diameter and the
balloon diameter (proximal and distal) for each device.

c) Insert the appropriate accessory devices (e.g. guidewire, introducer sheath) into the anatomical

model.
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d) Advance the stent system through the anatomical model and withdraw the system back through
the modelled bend and repeat this process for a justified number of cycles.

e) Repeatstepsa) and b) and calculate the change in pre- and post-tracking measurements.

f) Bend the stent system to a known (and justified) radius of curvature and measure the distance
between the outer diameter of the stent and the outer diameter of the uninflated balloon at the
proximal and distal ends of the stent.

g) Record any anomalous observations (e.g. kinking, dislodgement) for each test article.

D.5|2.7.6 Expression of results

Diameters, distances and radii shall be expressed in millimetres (mm).

D.5|2.7.7 Testreport

The test report shall be in accordance with Clause D.4 and shall include thé“eritical dimengions of the
torfuous anatomical model and the maximum, minimum, mean and standard deviation of al| measured
and calculated values. Any anomalous observations shall be reported.

D.5|2.8 Simulated use

D.5{2.8.1 Purpose

The purpose of this test is to evaluate the ability to-access, deploy and withdraw the stgnt system,
including pushability, flexibility, torquability, and.trackability and determine deploymenf accuracy,
using an anatomical model(s) that is (are) represéentative of the anatomical variation in the intended
patjent population. This test is also intended.fo evaluate the compatibility of the stent system with
accgssory devices and delivery system failure. Additionally, this test is intended to eyaluate the
conformability of the deployed stent to the'wvessel wall, positioning (including orientation, if applicable),
and| absence of anomalies (e.g. kinks,twists, component separation, non-uniform exparnsion, stent
danmage). Evaluate the effect of postsdilation, if post-dilation is anticipated in clinical use.

D.5|2.8.2 Materials
The following materials apply:
— |stent system(s);

— |accessory deyiees necessary to accomplish deployment in accordance with the IFU (e.g.|guidewire,
introducefisheath, balloons used to achieve adequate apposition of the stent);

— |anatohiical model that includes a delivery pathway and a deployment location. The angulation,
tortuosity and diameter of the intended implant location and delivery pathway (includling access
pdathway) of the model should be based on the expected anatomy in the intended patient(ﬁ)opulation
and can include three-dimensional tortuosity. Multiple models with varied anatomy or materials of
construction might be necessary to sufficiently challenge the relevant characteristics of the device.

Literature and patient data are appropriate sources to identify the expected anatomy. The limits setin the
IFU regarding anatomy are also important to consider when selecting the anatomical model(s). Selection
of the model material and model geometry(ies) should take into consideration the compliance of the
vasculature being represented by the model. The expected response of the in vivo vessel to the insertion
of accessory devices (e.g. guidewire, introducer sheath) and the stent system and the friction associated
with the model material should also be considered in selecting the model material and test fluid:

— temperature-controlled fluid environment (37 + 2) °C;

— measuring equipment for distance.
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D.5.2.8.3 Sampling

Sampling shall be in accordance with Clause D.2.

D.5.2.8.4 Conditioning

Conditioning shall be in accordance with Clause D.3.

D.5.2.8.5 Test method

Develop a testmethad based onthe Fn"r\uring cfnpc-

Conneft the anatomical model to or immerse in the fluid system and allow the test.sysfem
tempetature to stabilize.

ing the IFU and using the appropriate accessory devices (e.g. guidewire, introducer shedth),

1) Evjaluate the ability of the stent system to be advanced to, and posijtioned in, the targg¢ted
ployment location of the anatomical model(s) without compromising the function of|the
livery system. This testing shall include, during advancement of the system, the evaluation
of|pushability, flexibility, trackability and, if appropriate, the ability to torque the sysfem
without negatively affecting the ability to deploy. Note any angmalies and their impact on|the
performance of the stent system.

2) For stents requiring rotational orientation for appropriate position, evaluate the ability of{the
st¢nt system to provide sufficient rotation to the distal (leading) end in order to position|the
stent in the target orientation.

3) Evfaluate the ease and ability to deploy the stefts.

4) Ddtermine the accuracy of deployment<by identifying the target deployment location jand
me¢asuring the post deployment location relative to the target location using a pre-defined
coprdinate system to indicate direetionality.

5) Ewaluate the ability to withdraw the delivery system and accessory devices from [the
anatomical model(s) and (note any anomalies, such as delivery system failure, sfent
dislodgment or stent damage.

6) Evaluate the compatibility of the stent system with the accessory devices (e.g. guidewire,
infroducer sheath)Cand when appropriate, the compatibility of the accessory devices with|the
stent (e.g. balloghs/used post-deployment).

Visually inspectthie deployed stent in the anatomical model. Evaluate and record the conformabllity
of the stent to-the model vessel wall, positioning (including orientation, if applicable), absende of
anomdlieg (e’g. kinks, undesired twisting, component separation, non-uniform expansion, sfent
damage)-and the type and location of any stent damage or any other anomalies. Visually inspect{the
C LYpPC dlld 10CdllOIl Ol dI1Vy Ud d2c Ol dlIly O Cl dIIOIIIdIIC

Visually inspect the accessory devices and record the type and location of any clinically relevant
damage or other anomalies.

If anticipated in clinical use, evaluate the effect of post-dilation.

NOTE1 Simulated use can be evaluated through a combination of tests, provided that all of the steps in the
IFU are followed.

NOTE 2 It can be appropriate to evaluate post-dilation effects in a separate test.
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D.5.2.8.6 Expression of results

Results of the evaluation in the simulated use test shall be expressed descriptively. Distances shall be
expressed in millimetres (mm).

D.5.2.8.7 Testreport

The test report shall be in accordance with Clause D.4 and shall include all results and abnormal
observations. The report shall include a description of the anatomical model(s) used and justification
of how the model(s) is representative of the anatomical variation in the intended patient population
(1 e :\non]:lhnn fnrhlnclfv and Hlnmpfpﬂ The test fluid and the model material of construction shall be
rep )rted and ]ustlfled The results for pushablllty, flexibility, torquability, trackability, and Compatibility
betveen the accessory devices and the stent system shall each be reported. Additionally, observed
an(;[nalies identified during deployment, the conformability of the deployed stent tathe yessel wall,
stemt positioning (including orientation, if applicable), and observed stent anomalies’shall bg reported.
Deployment accuracy shall be reported taking into account directionality,,including [maximum,
minimum, mean, and standard deviation. The type and location of any stentor.delivery syst¢m damage
and|any clinically relevant accessory device damage shall be reported.

D.5|2.9 Tensile bond strength

D.5{2.9.1 Purpose

The purpose of this test is to determine the bond strength’ of all joints and/or fixed conpections of
the|delivery system (e.g. distal tip, hub bond). The stréngth of the segments adjacent to the bonds of
the|delivery system (e.g. sheath, tubing) shall be evaltiated separately or concurrently with the bond
strgngth determination.

D.5|2.9.2 Materials

The following materials apply:

— |delivery system or appropriatecomponent joints and/or fixed connections;
— |recommended guidewire or-equivalent, if appropriate;

— |mechanical testing system with a constant crosshead speed, a suitable load cell and dppropriate
gripping fixtures;

— |temperature-caomnfrolled environment (37 + 2) °C, as appropriate.

D.5|2.9.3 Sampling

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

D 5_2 04 Caonditioningc
. rdw ¥ UUll“lLlUllllls

Conditioning shall be in accordance with Clause D.3. Conditioning of the test samples should include
loading, tracking (access and withdrawal) and deployment. Multiple tracking cycles through an
appropriate anatomical model should be considered. Information regarding an appropriate anatomical
model is provided in D.5.1.7.2. Delivery systems from completed simulated use testing (see D.5.1.7) may
be used for this test.

NOTE Additional information regarding pre-soaking can be found in ISO 10555-1.

D.5.2.9.5 Test method

For bonds that will be subjected to physiological temperatures, testing should be performed at
(37 x2)°C.
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Develop a test method based on the following steps:
a) Insertthe delivery system or component over the guidewire, if appropriate.

b) Using a mechanical testing system with an appropriate crosshead speed (e.g. 200 mm/min), apply
tension to the bonded joint or to a series of bonded joints until a bond breaks or loses functional
integrity. Ensure that the guidewire is not gripped at both ends.

c) Record the peak force at which failure occurs and describe the type and location of the failure.

D.5.2.9.6 Expression of results

Bond strerjgth shall be expressed in newtons (N).

D.5.2.9.7 |Testreport

The test ré¢port shall be in accordance with Clause D.4 and shall include the type and’location of|the
failure and/the maximum, minimum, mean and standard deviation of the bond strength(s).

The acceptance criteria for the bond strength(s) should take into consideration the expe¢ted
forces applied to the delivery system during clinical use [e.g. tracking (access and withdrawal) and
deployment].

D.5.2.10 Torsional bond strength

D.5.2.10.1|Purpose

The purpose of this test is to evaluate the torsional strength*of the joints and/or fixed connections in|the
segments df the delivery system that are subjected to-torsion during clinical use. The torsional strergth
of the segients adjacent to the bonds of the delivery system (e.g. sheath, tubing) shall be evalugted
separately|or concurrently with the torsional bond-strength evaluation.

D.5.2.10.2|Materials

The follow|ng materials apply:

— delivery system or appropriate gomponent joints and/or fixed connections;
— recommended guidewirels equivalent, if appropriate;

— torquetesting system with a suitable torque gauge;

— temperature-controlled environment (37 * 2) °C, as appropriate.

D.5.2.10.3|Sampling

3 Hlaos pa | bl (1 An Y]
Sampllng IdIT UUT IIT ALUUTUdIIUCT VWILIT UIdUOU 17.4.

D.5.2.10.4 Conditioning

Conditioning shall be in accordance with Clause D.3. Conditioning of the test samples should include
loading, tracking (access and withdrawal) and deployment. Multiple tracking cycles through an
appropriate anatomical model should be considered. Information regarding an appropriate anatomical
model is provided in D.5.1.7.2. Delivery systems from completed simulated use testing (see D.5.1.7) may
be used for this test.

NOTE Additional information regarding pre-soaking can be found in ISO 10555-1.
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D.5.2.10.5 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 steps:
a) Insertthe delivery system or component over the guidewire, if appropriate.

b) Affix one end of the test sample in a clamping apparatus.

A

Attach the other end of the test sample to the torque gauge he test gauge shall be long
enough to avoid influence of the clamping apparatus and short enough to ensure uniform torsional

loading.

d) |[Rotate the sample at a rate characteristic of that used in a typical clinical uS¢,to one|end of the
sample until either of the following predetermined conditions is achieved:

1) testto failure (i.e. the joint and/or delivery system breaks or losesfunctional integrjty); or
2) testto predetermined, clinically relevant number of rotationsto-the stent system.
e) |Record either of the following predetermined test end points:

1) the torque or number of rotations at which failure occ€urs and the failure mode and location; or

2) whether the predetermined number of rotations was achieved without failure.

D.5|2.10.6 Expression of results

Torkional bond strength (torque strength) shatt,be expressed in newton-metres (N'm) or|number of
rotations.

D.5|2.10.7 Test report

The test report shall be in accordarnce with Clause D.4 and shall include the mode and locgtion of the
failire and the maximum, minimum, mean and standard deviation of the torsional bond strgngth.

The results shall be evaluatedin relation to the torque level necessary to access, deploy and withdraw
the[system.

D.5|2.11 Visibility

D.5{2.11.1 Purpose

The purpose of this test is to evaluate the ability to visualize the stent system and stenf using the
ima1ging techniques specified in the [FU.

D.5.2.11.2 Materials

The following materials apply:

— stent system;

— accessory devices necessary to accomplish deployment in accordance with the IFU;

— phantom tissue model, or equivalent (e.g. water, metal, large animal model);

— imaging machine (e.g. fluoroscopy) capable of operating at clinically relevant power levels.

Visibility is significantly affected by variations in equipment and parameter settings. In the selection of
the equipment used for this evaluation, consideration should be given to this variability.
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D.5.2.11.3

Sampling

Sampling shall be in accordance with D.2.

D.5.2.11.4

Conditioning

Conditioning shall be in accordance with D.3.

D.5.2.11.5

Test method

Develop a testmethad based onthe Fn"r\uring cfnpc-

n the stent system in the phantom tissue model.
n the model relative to the imaging machine to simulate clinical conditions.

b imaging system to visualize the stent system and any identification markers.

g the exact ends, orientation of critical points and/or parts of the stent/system. Alternatiy

and withdrawal, and the stent after withdrawal of the delivery sgstem.

a) Positig
b) Positid
c) Useth
d)

locatin

the de
e) Repeaf
D.5.2.11.6
Results of {
D.5.2.11.7
The testre

Expression of results

he assessments shall be expressed descriptively,With representative images as appropri

Test report

port shall be in accordance with Clause-D.4 and shall include the assessment of visibility

bree of visibility may be compared to a specified material or devicewith known visibility.

Evalugte the images for ease of visibility. For example, the degree of visibility|may be assessed by

rely,

steps a) through step d) to evaluate the stent and the delivery system during deployntent

ate.

for

all applicalple components at the various stages of testing. Describe the results of the assessments ajnd/

or include
make and
tissue mo

NOTE 4

D.5.3 Ste

D.5.3.1 (

D.5.3.1.1

Uisual results (e.g. representativie fluioroscopic images). The test report shall also include
odel of the imaging equipment, the relevant imaging parameters and details of the phan
1.

\dditional information regarding visibility can be found in ASTM F640.

nt
orrosion

Purpose

the
fom

The purpo

e of this assessment is to evaluate the susceptibility of a stent with metallic material

S to

corrosion.

NOTE

This annex does not include specific methodology for corrosion testing. Guidance is provided

regarding the assessment of corrosion using various sources (e.g. literature, historical clinical data) and through
reference to other standards.

D.5.3.1.2

Materials

The following materials apply:

— stent or appropriate test samples of the stent (e.g. segments, sections, components, subassemblies)
thathave undergone actual or simulated manufacturing processes. Test samples shall be appropriate
to the type of corrosion under evaluation (e.g. crevice, pitting, fretting, galvanic);
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materials as specified in the test methods selected for this evaluation;

reference samples, as appropriate.

3.1.3 Sampling

Sampling shall be in accordance with Clause D.2.

D.5.

dep

D.5

The
ass
con
cor
reg

Thd
and|

3.1.4 Conditioning

dditional preconditioning steps might be appropriate for coated stents.

\ oymentA

3.1.5 Test method

susceptibility of the metallic materials of the stent to corrosion shouldrbe’assessed

bssment includes, but is not limited to, evaluation of test results,¢réview of liter
sideration of the historical clinical performance of the material(s) under assessment. G
‘osion assessment may be found from a variety of sources (e.g. literature, textbooks,
1latory guidance documents).

following is a partial list of references regarding corrosion terntinology, equipment, test |
methods:

ISO 17475, Corrosion of metals and alloys — Electrochemical test methods — Guidelines for
potentiostatic and potentiodynamic polarization medstirements

1SO 16429, Implants for surgery — Measurementsof open-circuit potential to assess corrosio
of metallic implantable materials and medical;dévices over extended time periods

ASTM F2129, Standard Test Method for Cenducting Cyclic Potentiodynamic Polarization Me
to Determine the Corrosion Susceptibility of Small Implant Devices

ASTM F3044, Test Method for Standard Test Method for Evaluating the Potential for Galvani
for Medical Implants

Polarization Measurements

ASTM G61, Standard Test Method for Conducting Cyclic Potentiodynamic Polarization Me
for Localized Corrosion Susceptibility of Iron-, Nickel-, or Cobalt-Based Alloys

ASTM G71-Standard Guide for Conducting and Evaluating Galvanic Corrosion Tests in Elec

ASTM<GY02, Standard Practice for Calculation of Corrosion Rates and Related Inform
Electrochemical Measurements

nading and

Corrosion
ature and
Lidance on
standards,

brocedures

conducting

1 behaviour

Isurements

c Corrosion

ASTM G5, Standard refetence test method for making potentiostatic and Potentiodynajmic Anodic

Isurements

[rolytes

ation from

D.5.

3.1.6 Expression of results

Test data shall be expressed in units appropriate to the methods selected.

D.5.

3.1.7 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.5.3.2 Fatigue and durability — Computational analyses

D.5.3.2.1 Purpose

The purpose of the computational analyses is to calculate the magnitude and location of the maximum
stresses and/or strains for each appropriate loading scenario based upon the intended clinical
application and device design. Appropriate computational analysis tools, such as finite element analysis
(FEA), can be used to calculate the stresses and/or strains. The stresses and/or strains can be compared
to material characteristics to calculate the fatigue safety factor.

Computatipnal-a ses-mavy also be used to establish apnropriate test conditions and to select test
articles for fatigue and durability testing. There may also be additional considerations required| for
computatignal analyses of absorbable stents.
D.5.3.2.2 |Model inputs and tools

The follow|ng model inputs and tools apply:

— structyiral design of the stent and, if appropriate, a representation of the in vivo environnjent
(e.g. blpod vessel);

— material properties (e.g. modulus, fatigue limit, vessel compliance) and constitutive moflels
(e.g. linear elastic) for all materials under evaluation;

— the infprmation needed to establish boundary conditions related'to manufacturing (e.g. compregsed
diamefer required to achieve delivery system profile), deplayanent (e.g. balloon expansion diamgter
or implant diameter), and, if appropriate, interaction between the stent and the surrounding tisfue;

— the information needed to establish boundary conditions (e.g. constraints and loads) that|are
representative of the intended clinical use (e.g. vessél diameters, deformation, curvature);

— appropriate modelling tools, such as finite element analysis and computer aided design softwarje to
modelfthe stent and, if appropriate, the in viyo environment (e.g. blood vessel).

D.5.3.2.3 |Analysis

The analyges shall be performed en-the sizes and configurations necessary to ensure an adeqyate
evaluation|of the stent.

Perform cdmputational analyses based on the following steps.
a) Establ]sh the purpese.of each computational analysis.

1) Esfablish the purpose of each computational model analysis. For example, the computati¢nal
anjalysis iay be used to identify the stent size and configuration that is expected to perfprm

with the'lowest fatigue safety factor.
2) Se ;

b) Define the model geometry.

1) Identify the sizes and configurations of the stents to be evaluated.

2) Establish the stent geometry, and if appropriate, mock or diseased vessel geometry. The
geometry should be representative of the finished product. Analysis may be limited to segments
of the stent, and/or vessel, with appropriate justification. Consideration shall be given to the
allowed variability of the dimensions when selecting the geometry for analysis.
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3) All appropriate deformation modes should be considered in selecting the extent of the stent to
be modelled or when applying symmetry assumptions.

Establish the material properties.

Determine the properties of the materials of the finished stent necessary to conduct the analysis. If
appropriate, establish the material properties for the representative vessel.

Define the constitutive model.

1) For each material in the analysis, determine the appropriate constitutive model (i.e. the

"2G"‘Gi‘vv“""“;‘i"i"-“2"-' 3 et .‘v;“‘;“ ,plasticity.
The material properties that are used to develop the constitutive models should\xepresent the
final, processed materials (e.g. final heat treatment).

2) Confirm that the constitutive model(s) represents the behaviour of the material [within the
applicable stress or strain range using an appropriate test method(s) (exg-tensile, bgnding).

Create the finite element mesh.

Create a mesh and specify the element type(s), shape(s), and formulation(s) (e.g. shape flunction) to
model the stent and, if appropriate, the representative vessel.

Apply the constraints to the mesh.
Apply the loading conditions.

1) Apply the loading conditions to represent delivery system loading (e.g. compressed diameter
required to achieve the delivery system jprofile) stent deployment (e.g. balloon|expansion
diameter, implant diameter) and recoil, if.applicable.

2) Apply the representative loading conditions (e.g. cyclic deformation, cyclic pressurte) that the
stent is expected to experience inwivo.

Apply solution methodology and execute the analysis.
1) Select the appropriate solution techniques and tolerances for the equation(s) being golved.

2) Incorporate any additional boundary conditions necessary to ensure model stapility. It is
important to ensurethat the applied boundary conditions do not over-constrain anfl/or do not
add unintended‘loadings, rotations or contact.

Verify the solution.

Conduct aymesh sensitivity analysis to demonstrate that further mesh refinement does not
significantly change the computational results (e.g. the maximum strain does 1ot change
significantly when additional elements are used).

Validate the computational model.

Obtain test data to allow comparison of the appropriate output(s) of the model to the physical
behaviour of the stent.

Analyse results.
1) Compute the appropriate stress or strain quantities (e.g. principal stresses, equivalent strains).

2) Calculate fatigue safety factors using the appropriate failure criteria (e.g. constant life diagram).
Identify the location associated with the lowest fatigue safety factor (e.g. high stress/strain
regions).
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D.5.3.2.4

Expression of results

Stress shall be expressed in megapascals (MPa). Strain shall be expressed as a percentage (%) or
dimensionless. Locations of critical stresses and/or strains should be depicted in colour figures with
legends. Diagrams for fatigue analysis shall be provided (e.g. constant life, Morrow analysis, Goodman

analyses).

D.5.3.2.5

Report

NOTE1 The computational analysis report is intentionally different from the standard test reports described
in Clause D.4

The report

a) backgt

1) prpvide a brief device description and the intended use environment;
2) state the purpose of each analysis;
b) geomefry:
1) report the sizes and configurations of the stents selected for evaltiation;

2) prpvide diagrams and a brief description of the model(s);

3) pr
4) if
(e.

5) pr
an

6) re
c) materi
1) lis
yig

2) pr
co

3) pr
m
de

shall include the following:

ound and purpose:

pvide a justification for the sizes and configurationscefithe stents selected for evaluation

bnly a portion of the stent was modelled, provide\a justification for the geometry analy
o. the use of symmetry);

d, if appropriate, the mock or diseased.essel (e.g. size, disease state);
port the dimensions selected in the.context of the expected variability;
al properties:

t all the materials in the model and report the relevant material property values (e.g. mody
ld strength, fatigue limit);

pvide and justify.the source of the material properties (e.g. literature, test data
hditions) for theStent and, if appropriate, for the representative vessel;

pvide a justification for why the material properties are representative of the final, proces
terial (eig)final heat treatment) in the intended in vivo environment (e.g. 37 °C) if applica
scribe.tests conducted to determine the material properties;

utiyve model:

sed

pvide a justification for how the model geometry is representative of the finished product

lus,

and

sed
ble,

d) constif

1) for each material, provide the relationship between stress and strain (i.e. constitutive model)
including a graphical representation and/or the associated equations;

2) for each material, discuss how the constitutive model captures the material behaviour

(e.

g.loading, unloading, plastic deformation);

3) provide a justification for the assumptions in the constitutive model used to represent each
material;

82

© IS0 2020 - All rights reserved


https://standardsiso.com/api/?name=24b6be4ab6290a063605e785156af169

f)

g)

h)

j)

ISO 25539-2:2020(E)

4) provide a summary of the methodology and data for any testing conducted to s
constitutive model;

mesh:

upport the

1) describe the element type, shape, and formulation for the mesh used in the analysis;

2) provide a representative image of the mesh in the areas of high stress/strain;

3) provide a justification for why the elements selected adequately represent the spatial

distribution of the stress/strain under the prescribed loading;

constraints:

1) report the boundary conditions (e.g. rigid cylinder for vessel, fixed degfees of
including a graphical representation if appropriate;

2) provide a justification for the boundary conditions used to restrict motion of the 1
isolate specific deformations;

loading conditions:

1) report the loading parameters (e.g. location, magnitude ahd direction of loading,
cycles) and the sequence of the loads applied to the modeél to represent delivery syst¢
stent deployment and recoil, if appropriate;

2) report the loading conditions (e.g. cyclic deformation, cyclic pressure) applied to th
represent the deformation(s) or load(s) the stent'is expected to experience in vivo;

3) provide justification that the delivery systeém loading and stent deployment sim
representative of actual delivery systenrloading (e.g. compressed diameter requirec
the delivery system profile) in acecordance with manufacturing and stent dep
accordance with the IFU;

4) provide ajustification for thevalues used for the expected in vivo loading conditionj
solution methodology:

1) report the equation-solution techniques and tolerances; describe the software pack3d
user subroutines.that were implemented;

2) provide a justification for any additional boundary conditions used to enhance mod
solution verification:

1) report'the results of the mesh sensitivity analysis, demonstrating that further mesh
does not significantly change the computational results (e.g. the maximum strai
change significantly when additional elements are used);

freedom),

nodel or to

number of

bm loading,

e model to

1lation are
to achieve
oyment in

ge and any

bl stability;

refinement
h does not

fa ks T | : b — £ +1 PR 1 [ : - ) 1.
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adequacy of the mesh density;
validation:

1) provide an adequate description of the test method (e.g. radial outward force) use
the ability of the computational model to adequately predict the behaviour of the

tablish the

d to assess
stent; this

description may include illustrations to show similarities between the model and the test

article in the fixture;

2) provide a comparison of the test results to the values predicted by the computational model
over a region relevant to the analysis objectives; provide an assessment of the significance of

any relevant differences between the measured and predicted values;
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3) provide a justification for the mode of loading used to assess the ability of the computational
analysis to adequately predict the behaviour of the stent;

k) results: for each computational analysis, report the magnitude and illustrate the physical location(s)
of the relevant quantitative results (e.g. maximum principal stresses, mean and alternating
equivalent strain, fatigue safety factors);

1) discussion/conclusions:

1) discuss the results in the context of the stated purpose of the computational model
(e.g. identifying the stent configuration and size with, and the location of, the lowest fatigue
ons

2) L to
ted
NOTE 2 dditional information regarding computational analyses for radial loading can be found in
ASTM F251
NOTE 3 s a potential alternative or supplement to a traditional ‘test-to-sucéess’ fatigue testing paradjgm,
interested readers can find information on the ‘fatigue-to-fracture’ methodology.in ASTM F3211.
NOTE 4 dditional information regarding computational model verification and validation can be found in

D.5.3.3 tigue and durability — in vitro testing
D.5.3.3.1 |General

D.5.3.3.1.1 Purpose

Device duifability may be evaluated in sepatate individual tests, tests that apply multiple sequerjtial
deformatidn modes, or tests that apply simultaneous deformation modes. When combining deformation
modes undgr a single test, the relative rate of occurrence of the deformation modes should be considgred
in developlng appropriate test methods, particularly with accelerated testing. These methods do|not
apply to absorbable stents.

The information included inthis subclause are applicable to radial fatigue and durability, axial fatigue
and durabillity, bending fatigue and durability, torsional fatigue and durability and compression fatigue
and durabflity that follow~in D.5.2.3.2 to D.5.2.3.6. Specific considerations for the development of fest
methods are included\inthe individual clauses.

article, or mock vessel (e.g. diametrical, linear, rotational) in response to the action of a test apparaftus.
Deformati¢nis defined as the change in shape of a test article or stent in response to a displacemenjt(s)
or an applied load(s).

For the p?lpose of this subclause, displacement is defined as the movement of a test fixture, a ftest

These tests may be modified to evaluate chronic particulate generation.
NOTE1 Additional information regarding durability testing can be found in ASTM F2477 and ASTM F2942.
NOTE 2 Information regarding durability testing for absorbable stents can be found in ISO/TS 17137.

NOTE 3  As a potential alternative or supplement to a traditional ‘test-to-success’ fatigue testing paradigm,
interested readers can find information on the ‘fatigue-to-fracture’ methodology in ASTM F3211.

Fatigue and durability testing is intended to evaluate aspects of the long-term structural integrity of
the stent under cyclic loading conditions that represent the in vivo environment.
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Appropriate test methods should be developed to simulate physiological deformations of the stent.
These test methods should describe how to attain deformations of the test article through the
application of forces and/or displacements to the test fixture or a mock vessel.

Potential failure modes that can be evaluated in these tests include stent fracture, and wear or abrasion
between stent components.

The fatigue and durability tests are not intended to fully evaluate potential failure modes related to
corrosion, wear between the stent and the recipient vessel, or stent migration. Consideration should be
given as to whether such observations during testing indicate an increased potential for these failure
modes to occur clinically.

D.5{3.3.1.2 Materials
The following materials apply:
— [stent system;

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

— ifapplicable, accessory devices necessary to accomplish deployment in accordance with the IFU
(e.g. guidewire, introducer sheath, balloons used to achieve’adequate apposition of fhe stent);

— if applicable, a mock vessel with a diameter and properties appropriate to enable simulation of
the loading mode under study;

— appropriately sized to represent the vessel diammeter for the loading conditions undgr test;

— constructed of a material (e.g. silicone)-¢apable of maintaining consistent deformdtion of the
test article under cyclic loading, without' creating unwanted deformation of the test|article;

— capable of withstanding the test‘conditions at the test frequency and temperatyire for the
duration of the test;

— designed and/or modified to'minimize test article migration;
— |fatigue test system capable of applying cyclic loads and/or displacement to the test artidle;

— |measurement system(s) (e.g. load cell, strain gauge, high speed camera) capable of quantifying
appropriate loadsfdisplacements and/or deformations;

— |cycle counting System for measuring the number of cycles applied to the test article;

— [fluid fixtuke capable of maintaining phosphate buffered saline (PBS) (unless testing infa different
fluid can'be justified) at physiological temperature (37 + 2) °C;

— |inSpection equipment [e.g. light microscope, lighted magnifying glass, radiography, scanning
electron microscopy (SEM]]

D.5.3.3.1.3 Sampling
Sampling shall be in accordance with Clause D.2.

Sampling shall allow for the evaluation of the structural integrity of all relevant parts of the stent and
contact areas between overlapping stents, when applicable.

The stent size(s) with the greatest potential for fatigue failure shall be identified and justified using
computational modelling (e.g. finite element analysis), engineering analysis, and/or clinical data.
Alternatively, samples representing the range of sizes may be chosen for testing.

Segments or portions of the complete stent may be used as the test article if appropriately justified.

© IS0 2020 - All rights reserved 85


https://standardsiso.com/api/?name=24b6be4ab6290a063605e785156af169

ISO 25539-2:2020(E)

D.5.3.3.1.4 Conditioning

Conditioning shall be in accordance with Clause D.3.

The stent system should be tracked through an anatomical model prior to fatigue and durability testing
unless appropriate justification is provided.

D.5.3.3.1.5 Test method

This subclause includes general considerations for the development of all types of fatigue and
durability tests:

a)

b)

d)

86

defineltest conditions:

1) esgablish loading conditions; the effect of the stent on the overall deformation expectéd in pivo
shpuld be considered when establishing the loading conditions. The direction and’magnitude
of the applied displacement or force should be justified based on physiologically relevant data
(efg. literature, clinical data) for the specific anatomical location, patientyage, or condifion
beling treated. Computational modelling may be used with the physiologically relevant datp to
determine the appropriate loading conditions;

2) mock vessel; there is no general guidance beyond those included in the general materijials
supclause (see D.5.2.3.1.2). See the individual fatigue and durability test methods;

3) test frequency; the test frequency shall be selected to maintain the test article deformagion
within the pre-defined limits for the duration of the test'and to avoid undesirable harmonics,
logalized heating of the stent, and rate-dependent effects on material properties;

4) displacement conditions/control; the gripping techirique, slip between the mock vessel (if uged)
and the test article, or dynamic forces may result in deformations other than intended dufing
testing; establish the method to control displacement or the application of force during tesfing
and verify that each test article achieves:the intended deformation during the cyclic loadinfg at
the test frequency over the duration of'the test;

set up:

1) either deploy the test article-according to the IFU directly into the test fixture or deploy|the
st¢nt according to the IFUand secure the test article (i.e. either the complete stent or a segrl:L ent
or|portion of the stent) te the test fixture; if appropriate, deploy additional overlapped stenits;

— -

2) ingpect the test article(s) using appropriate visual aids, and record the location and severity of
any anomalies (egyrion-uniform stent expansion);

3) allow the testarticles to reach the pre-defined test temperature before initiating the test;

testing: afterinitiation of testing, at periodic intervals, monitor the test conditions and equip
operatiion \to ensure that the test artlcle does not mlgrate and experlences the inte
displa
and test article deformation might change over time, it might be necessary to verify that the
test article is deforming as intended; the methodology to verify that the displacements and/or
deformations are as intended shall be described in the test method; if appropriate, stop the test at
periodic intervals for inspection of the test article(s); removing the test article from a mock vessel
for the periodic inspection is not recommended. However, if removing the test article from a mock
vessel is necessary, care shall be taken to remove and re-deploy in a manner that minimizes the
effect on the test article;

termination: terminate the test after the desired number of cycles has been achieved or a pre-
specified end point has been observed;

post-test inspection: carefully remove the test articles from the test apparatus and mock vessel,
if applicable; completely visually inspect each test article for evidence of macroscopic damage;
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if anomalies are identified, if fractures cannot be visually identified due to the size or design of
the stent, or if additional evaluation of regions of interest (e.g. potential areas of high stress/
strain or wear) is needed, use appropriate methodologies (e.g. light microscopy, scanning electron
microscopy, radiography) to further inspect for evidence of damage; identify and document the

presence and location of any anomalies, including the following:

— pre-specified failures modes under evaluation in the test, such as stent fracture, and
wear between stents;

— additional observations, such as migration of stent within mock vessel;

allure modes that may be related to COITosIoN, wear between the stent and the recl
or stent migration; consideration should be given as to whether such observations
increased potential for these failure modes to appear clinically.

SEM images can be taken of fracture surfaces and fracture locations to charaCterize
and origin of the fracture. When evaluating fractures, consider the potential'for artef3
fracture related to the test apparatus (e.g. gripping method) or testing patameters.

3.3.1.6 Expression of results

re is no general guidance. See the expression of results subclause of the individual f
nbility test methods.

3.3.1.7 Testreport
test report should be in accordance with Clause@®.4. The intended and measured dis

or deformations shall be reported.

location of any observed anomalies, ingluding fractures, shall be reported. The test rej

age, mock vessel friction) and clinical relevance of the observations. Results should be
interpreted in relation to any applicable in vivo data.

3.3.2 Radial fatigue and-durability

3.3.2.1 Purpose

E The information below is specific to this test and used in conjunction with D.5.2.3.1 whi
bral fatigue and durability considerations.

purposeofithis test is to evaluate the long-term structural integrity of the stent when s
ic radiaMoading conditions.

D.5
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ient vessel,
ndicate an

the nature
ctual stent

atigue and
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ults of all inspections, including the cycle ceght at which the inspections took place and gthe number

ort should
ing sample
considered

h describes
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3:3.2.2 Materials

Refer to the materials listed in the general materials subclause (see D.5.2.3.1.2), including the mock vessel.

D.5.3.3.2.3 Sampling

Refer to the information in the general sampling subclause (see D.5.2.3.1.3).

D.5

.3.3.2.4 Conditioning

Refer to the information in the general conditioning subclause (see D.5.2.3.1.4).
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D.5.3.3.2.5 Test method

Refer to the information in the general test method subclause (see D.5.2.3.1.5) with the following:

This test method describes a radial fatigue and durability test that subjects the test article to a specified
amount of cyclic radial deformation. Testing shall be performed using a mock vessel and fatigue
tester that induces a physiologically relevant radial deformation of the test article. Each test article is
inspected periodically during the test for the occurrence of fracture, and other aspects of structural

integrity;
a) define

1) es
log
co
ar

th

di

1

2) mgck vessel: refer to the information regarding the mock vessel in the general mater

su
of
fre

N(
m

3) te
[sé€

4) di
di

test conditions:

DPz _DP1 )X104 /(DP1 X(pz ! ))

Dp1 is inner diameter at the pressure of p;;
Dp2 is the inner diameter at the pressure of p;
p,  is the lower pressure value (diastolic), in mmHg;

p, is the higher pressure value (systolic), in mmHg;

the test article at the intended amplitude around the intended mean diameter, at the
quency and temperature) for the duration of the test;

TE Mock vessel‘diameter, wall thickness and compliance can be appreciably affected by the
unting operation!

t frequency<{refer to the information in the general test method, test frequency subcl3
e D.5.2.371,5, item a) 3)].

fablish loading conditions; refer to the information in the general test method, estahjlish
iding conditions subclause [see D.5.2.3.1.5, item a), 1)] with the following: theoading
hditions of the test, that is, the intended mean and alternating diameters of the,test artjcle,
e based on the expected clinical vascular pressures, the in vivo dynamic radial,ecompliande of
b target vessel, and the radial stiffness of the stent; force equilibrium modé€ls; finite elenfent
anjalysis or experimental evaluation can be used to establish the target méan and alterna

[ing

hmeters; definitions of compliance reported in the literature vary; the dynamic radial
mpliance, C4, should be expressed as a percentage of the diameterchange per 100 mmHg
and defined per ISO 7198:2016, A.5.9:

ials

bclause (see D.5.2.3.1.2) with the following: the mock vessel should allow displacenfent

test

ube

use

splacément conditions/control: refer to the information in the general test method,

the

bplacement conditions/control [see D.5.2.3.1.5, item a) 4)] with the following: establish

thaod to caontenl o dio]l Aol onnanant g tactings o fy th ot o +act ot ola oo ac

the

metnoea—to—controratiar TS PTaCCIIICTIC OUT IS COSTITTS," VeI ILy chrac oot ot eI atIcves

intended deformation during the cyclic loading at the test frequency using a representative
sample; the results of this verification activity should be used to establish the procedure for
controlling the displacement of the test articles; for example, if it can be shown that the outside
diameter of the mock vessel as measured by a laser micrometre correlates with the intended
deformation of the stent (see D.6), then this may be used to control the applied displacement
during testing; there are important considerations for controlling radial displacement during
testing that should be identified and addressed in establishing the procedures for controlling
displacement; for example, apposition of the test article to the mock vessel should be
maintained;

b) set up: refer to the information in the general test method, set up subclause [see D.5.2.3.1.5, items
b) 1) to 3)];

88
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testing: refer to the information in the general test method, testing subclause [see
item c)] with the following:

D.5.2.3.1.5,

1) set the frequency to the established rate and adjust the test system to achieve the intended
mean and alternating diameters of the mock vessel or test article; verify that the test article
deformations are as intended; after mean and alternating diameter targets are achieved, begin

counting the cycles;

2) verify the test article response (e.g. mean and alternating diameters) at regular time intervals
to ensure that the target values are maintained; adjust the test system as necessary to maintain

the desired operational target; the method for ensuring the appropriate test articl

€ response

d)

D.5
The

should be specified and justified; the location evaluated should be specified and jus!

termination: refer to the information in the general test method, terminatipm.sub
D.5.2.3.1.5, item d);

post-test inspection: refer to the information in the general test method,”post-test
subclause [see D.5.2.3.1.5, item e)].

3.3.2.6 Expression of results

test frequency shall be expressed in cycles per second (Hz).AH pressures shall be ex

kilgpascals (kPa) or millimetres of mercury (mmHg). Diameters shall be expressed in f

(m
(%)
the
mel

D.5

Ref
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D.5

D.5

NOT
gen

Thd
cyc

D.5

of the test articles and is calculated by 100(AD/D4;,si0 Where D refers to the outer ¢
test articles. The compliance is expressed as a peréentage of the diameter change per
cury (%/100 mmHg).

3.3.2.7 Testreport

br to the information in the general test method, test report subclause (see D.5.2.3.1.7

3.3.3 Axial fatigue and durability

3.3.3.1 Purpose

E The information below is specific to this test and used in conjunction with D.5.2.3.1 whi
bral fatigue and durability considerations.

purpose of thistest is to evaluate the long-term structural integrity of the stent when s
ic axial loading conditions appropriate for the device design and intended clinical use.

3.3.3:2° Materials

Ref

ified;

flause [see

inspection

pressed in
nillimetres

n). Radial displacement shall be expressed in millimetres{mm) or as the percent change in diameter

iameter of
100 mm of

) with the

pwing: the intended and measured radidl displacements of the test article shall be reported.

h describes

ibjected to

br£o the materials listed in the general materials subclause (see D.5.2.3.1.2).

D.5.3.3.3.3 Sampling

Refer to the information in the general sampling subclause (see D.5.2.3.1.3).

D.5.3.3.3.4 Conditioning

Refer to the information in the general conditioning subclause (see D.5.2.3.1.4).

D.5.3.3.3.5 Test method

Refer to the information in the general test method subclause (see D.5.2.3.1.5) with the following: this
test method describes an axial fatigue and durability test that subjects the test article to a specified
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amount of cyclic axial displacement. Axial deformation of the test article can be applied by lengthening,
shortening, or cycling about a neutral position. Testing is performed with a fatigue tester that induces
a physiologically relevant axial deformation of the test article and can be performed with or without a
mock vessel. Each test article is inspected periodically during the test for the occurrence of fracture,
and other aspects of structural integrity; the test article, with or without a mock vessel, can be directly
secured to the test fixture with the load applied directly to the test article, or the test article can be
deployed within a mock vessel and the load applied to the mock vessel, with appropriate justification:

a) define test conditions:

b)

90

1y

2)

3)

4)

Establish loading conditions: refer to the information in the general test method, establish
logding conditions subclause [see D.5.2.3.1.5, item a) 1)] with the following: the lpading
copditions of the test, that is, the intended minimum and maximum axial lengths, are] bdsed
on| the anticipated clinical lengthening and/or shortening; force equilibrium models, fipite
el¢ement analysis or experimental evaluation can be used to establish the target minimum pnd
maximum lengths;

mock vessel (if applicable): refer to the information regarding the mock vessel in the genpral
materials subclause (see D.5.2.3.1.2);

test frequency: refer to the information in the general test methody test frequency subclduse
[s¢e D.5.2.3.1.5, item a) 3)];

displacement conditions/control: refer to the information) in the general test method,
displacement conditions/control [see D.5.2.3.1.5, item .a)J<4)] with the following: establish
the method to control axial displacement applied durihg testing; verify that the test article
achieves the intended deformation during the cyclic loading at the test frequency using a
representative sample; the results of this verification activity should be used to establish|the
prpcedure for controlling the displacement of the test articles; for example, if it can be shgown
that the cross head displacement of the axialteésting apparatus adequately correlates with{the
intended deformation of the stent, then thismay be used to control the applied displacenjent
during testing;

set upq refer to the information in the general test method, set up subclause [see D.5.2.3.1.5, itpms

b) 1)-3)] with the following:

1) if a mock vessel is used, and axial shortening of the test article is being evaluated, it mighf be
appropriate to stretch thelmock vessel before deploying the test article;
2) adjust the test apparatus to yield the desired axial displacement;
3) when calculating percent axial shortening, the following formula should be used:
(Legen ¥ L)
f
s :|: ree min :|X100
free
where

P

.s s the percentage of the axial shortening;

L¢ee 1s the initial unsecured length of the test article as measured on the test apparatus;

L is the minimum unsecured length of the test article throughout fatigue cycle.

min

When calculating percent axial lengthening, the following formula should be used:

al

p :|:(Lmax _Lfree ) }Xloo

free
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where

P is the percentage axial lengthening;

al

L is the maximum unsecured length of the test article throughout fatigue cycle;

max

L¢.ee is the initial unsecured length of the test article as measured on the test apparatus;

testing: refer to the information in the general test method, testing subclause [see D.5.2.3.1.5,
item c)] with the following:

d)
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2)

termination: refer to the information in the general test method, termination sub
D.5.2.3.1.5, item d)];

post-test inspection: refer to the information in the general test method, post-test
subclause [see D.5.2.3.1.5, item €)].

3.3.3.6 Expression of results

test frequency shall be expressed in cycles per second (Hz). Axial shortening and/or 1
1 be expressed in percentage (%).

3.3.3.7 Testreport

br to the information in the gemeral test method, test report subclause (see D.5.2.3.1.7
pwing: the test article intended-and measured axial shortening and/or lengthening shall b

3.3.4 Bending fatigue-and durability

3.3.4.1 Purpose

E

eral fatigue and durability considerations.

purpese.of this test is to evaluate the long-term structural integrity of the stent when s
ic bending loading conditions appropriate for the device design and intended clinical usq.

verify minimum and maximum test article lengths at regular time, intervals to €
the target values are maintained; adjust the system as necessary~t0 maintain ]
operational target;

set the frequency to the established rate and adjust the test system to achieve ifje intended
minimum and maximum test article length; verify that the test article deformat
intended; after the minimum and maximum test article length targets are,"achig
counting the cycles;

ons are as
ved, begin

nsure that
he desired

flause [see

inspection

engthening

) with the
e reported.

The infermation below is specific to this test and used in conjunction with D.5.2.3.1 whi¢h describes

D.5.3.3.4.2 Materials

Refer to the materials listed in the general materials subclause (see D.5.2.3.1.2).

D.5.3.3.4.3 Sampling

Refer to the information in the general sampling subclause (see D.5.2.3.1.3).

D.5.3.3.4.4 Conditioning

Refer to the information in the general conditioning subclause (see D.5.2.3.1.4).
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