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Foreword

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

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.
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2 was prepared by Technical Committee ISO/TC 150, Implants for surgery,"Subcommittee S
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Introduction

This part of ISO 25539 has been prepared in order to provide minimum requirements for endovascular devices
and the methods of test that will enable their evaluation. Itis the second part of a three-part standard. ISO 25539-1
addresses endovascular prostheses and ISO 25539-3 addresses vena cava filters. ISO/TS 15539, from which
this part of ISO 25539 is derived, serves as a rationale for the requirements of this part of ISO 25539. The
Technical Specification ISO/TS 15539 was developed by first identifying the design requirements for these
devices and listing the potential device and clinical failure modes. Tests were then identified to address each of
the failure modes. The requirements provided in this part of ISO 25539 are based on that assessment.

© 1SO 2012 — All rights reserved \%
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Cardiovascular implants — Endovascular devices —

Part 2:
Vascular stents
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Scope

This part of ISO 25539 specifies requirements for vascular stents, based upon currgnt medical
vledge. With regard to safety, it gives requirements for intended performance, design-attribute$, materials,
gn evaluation, manufacturing, sterilization, packaging and information supplied by the manufacturer. It
Lld be considered as a supplement to ISO 14630, which specifies general requirements for the performance
pbn-active surgical implants.

E Due to the variations in the design of implants covered by this part of 1I$0)25539 and in some fases due to
elatively recent development of some of these implants (e.g. bioabsorbablé~stents, polymeric stents], acceptable
dardized in vitro tests and clinical results are not always available. As further scientific and clinical ¢lata become
able, appropriate revision of this part of ISO 25539 will be necessary.

The scope of this part of ISO 25539 includes vascular stents/used to treat vascular lesions ¢r stenoses,
her vascular abnormalities. These devices might or might fiot incorporate surface modificationg of the stent
N as drug and/or other coatings. Stents covered with materials that significantly modify the perfmeability of
incovered stent are within the scope of ISO 25539-1(The stent design might dictate the need to address
tional requirements identified in both ISO 25539-1"and this part of ISO 25539.

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

Procedures and devices used priorfothe introduction of the vascular stent, such as balloonjangioplasty
ces, are excluded from the scope ©f this part of ISO 25539.

Some pharmacological aspects of drug-eluting stents are addressed in this part of ISO 25%39, but this
of ISO 25539 is not comprehensive with respect to the pharmacological evaluation of drug-elliting stents.

Degradation and other time-dependent aspects of bioabsorbable and polymeric stents and coatings
hot addressed by this-part of ISO 25539.

With the exception of sterilization, this part of ISO 25539 does not address requirements for the
uation of animal tissue products.

Normative references

Thel

fnlln\/\/ing referenced documents are inr‘lielnnneahln for the :\plnlir‘nﬁnn of this document] For dated

refe

rences, only the edition cited applies. For undated references, the latest edition of the referenced document

(including any amendments) applies.

ISO

10993-1 Biological evaluation of medical devices — Part 1: Evaluation and testing within a risk

management process

ISO

11135-1, Sterilization of health care products — Ethylene oxide — Part 1: Requirements for development,

validation and routine control of a sterilization process for medical devices

ISO

11137-1, Sterilization of health care products — Radiation — Part 1: Requirements for development,

validation and routine control of a sterilization process for medical devices

ISO

11607-1, Packaging for terminally sterilized medical devices — Part 1: Requirements for materials, sterile

barrier systems and packaging systems

© 1S0O 2012 — All rights reserved 1
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ISO 11607-2, Packaging for terminally sterilized medical devices — Part 2: Validation requirements for forming,
sealing and assembly processes

ISO 14155, Clinical investigation of medical devices for human subjects — Good clinical practice

ISO 14160, Sterilization of health care products — Liquid chemical sterilizing agents for single-use medical
devices utilizing animal tissues and their derivatives — Requirements for characterization, development,
validation and routine control of a sterilization process for m<edical devices

ISO 14630:2012, Non-active surgical implants — General requirements

ISO 14937, Sterilization of health care ’nrnrllmfe — General rnquirpmnnfe for characterization of a sterili; /ng

agent and the development, validation and routine control of a sterilization process for medical devices

ISO 14971:2007, Medical devices — Application of risk management to medical devices

ISO 176651, Sterilization of health care products — Moist heat — Part 1: Requirements for the development,
validation apnd routine control of a sterilization process for medical devices

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

NOTE Bench and analytical tests are described in Annex B. Reportable clinical‘events are defined in Annex C.

31
balloon-assisted deployment
use of a balloon to facilitate the complete deployment (or expansion) of a self-expanding stent

3.2
balloon winging
cross-sectipnal shape of the balloon when deflated which can cause problems during withdrawal

NOTE Examples include stent migration, damageg 1o host vessel or balloon, and inability to remove the balloon.

3.3
delivery system
system or npechanism used to deliver.the stent to the targeted position and to deploy the stent

NOTE The delivery system is removed after stent placement. Examples of delivery systems include balloon cathgters
or mechanically activated systems.

3.4
determine
to quantitatively appraise or analyse

NOTE Also,see evaluate (3.8).

3.5
dogboning

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

3.6
coating
organic or inorganic material, other than living cells, intentionally applied by a manufacturer to a substrate

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

2 © 1S0 2012 — All rights reserved
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3.7
drug content
amount of drug present on the surface(s) of a coating, as part of a coating or within the stent

3.8
evaluate
to qualitatively appraise or analyse

NOTE Also see determine (3.4).

3.9
lu nreduction

redyiction of diameter or cross sectional area as observed by imaging

310
repprtable clinical events
complications, failures or device-related observations, including all adverse events and-adverse deyice effects,
thatimight be observed with clinical use of the stent system

NOTE Examples are listed in Annex C. These events might not have clinical signifieance and might not bg attributable
to thie device.

3N
stent configuration
stert shape (e.g. cylindrical, tapered, flared, coiled, segmented,bifurcated)

3.12
stent outer surface area
conjact area between the stent and the vessel

313
stent-free surface area
per¢entage of surface area of cylinder formed.by the implant frame, which is not covered by implapt material

31
stemnt system
vasgular stent and its delivery system or a vascular stent mounted on the delivery balloon as spegified in the
instructions for use (IFU)

3.15
vasgular stent

transluminally pfaced balloon-expandable or self-expanding implant, which is used to treat vasculgr lesions by

NOTE 1 Stents can or cannot incorporate surface modifications of the stent such as drug and/or other cdatings.

31541
articulated stent
stent constructed of segments with distinct connections

3.15.2
bare stent
stent without a coating or covering

NOTE Bare stents can be constructed of single or multiple materials.

3.15.3
bioabsorbable stent
stent that is designed to be a temporary structure without requiring explantation

© 1S0O 2012 — All rights reserved 3
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3154
balloon-ex

pandable stent

stent where the diameter is increased from its pre-deployed size to its post-deployed size with the aid of a
balloon catheter

3.15.5
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 or stent-free surface area of the bare stent

3.15.6

composite
stent consig
overall stru

3.15.7

covered st
stent cover
stent-free s

NOTE Covered stents are within the scope of ISO 25539-1. The stent design might_dictate the need to add
functional refuirements identified in both ISO 25539-1 and this part of ISO 25539.

3.15.8

drug-eluting stent

DES

stent that delivers a drug(s) over time

3.15.9

self-expanfing stent

stent where|the diameter increases from its pre-deployed‘size to its post-deployed size when released fron]
delivery melchanism in absence of balloon inflation or ©ther mechanical assistance

NOTE $elf-expanding stents are within the scope©f1SO 25539-1. The stent design might dictate the need to add

functional re

4 Genel

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

ent

Lirface area of the bare stent

juirements identified in both ISO 2553941 "and this part of ISO 25539.

al requirements

bd with an additional material(s) that appreciably reduces the permeability @nd/or eliminates

b %)

the

ress

the

ress

any

4.1 Clasgification
A stent shall be designated hy’its configuration (see 3.11), type (see 3.15), materials of construction, and
surface moflifications, céatings, and/or drugs.
4.2 Size
The size of [astent shall be designated by the following characteristics:
a) external diameter;
1) self-expanding:
i)  unconstrained external diameter of the device, expressed in millimetres;
i) intended vessel lumen diameter range, expressed in millimetres;
2) balloon expandable: range of intended expanded internal diameters;
b) minimum and maximum usable length, expressed in millimetres or centimetres.
4 © S0 2012 — Al rights reserved
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4.3 Intended clinical use designation
The intended clinical use shall be designated by one or more of the following:
a) abdominal aorta;
b) arterio-venous shunt for vascular access;
c) carotid,;
d) coronary;
e) |[femoral;
f) [liliac;
g) |popliteal;
h) |renal,
i) |thoracic aorta;
j) |thoraco-abdominal aorta;
k) |tibial;
[) |other arterial vessels to be specified;
m) |other venous vessels to be specified.
5 [Intended performance
Thelrequirements for intended performance specified in ISO 14630:2012, Clause 4, shall apply.
6 |Design attributes
6.1| General
The| requirements for design attributes of ISO 14630:2012, Clause 5, apply. In addition, the following shall be
takgn into account:
a) |oxidation-potefitial, the possibility of crevice corrosion, passivation over the relevant parts;
b) |fretting, galvanic and pitting corrosion;
c) |interface between implant and body:
12 fixation hooks, if present;
2) relative movement between stent and tissue;
3) forces exerted by the stent on the surrounding tissue;
4) forces required to deform the stent if the deformation is permanent;
d) expected ingrowth, penetration, perforation, tilting and migration; introduction and delivery systems.

NOTE These additional items are adapted from Clause 5 of EN 12006-3:1998[14],

The

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

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

© 1S0O 2012 — All rights reserved 5
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category will be necessary or practical for any given stent and/or delivery system. The tests considered and
the rationale for selection and/or waiving of tests shall be recorded.

6.2 Delivery system and stent system

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

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

b) the ability of the system to permit consistent, accurate and safe deployment of the stent;

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

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

e) the ability of the system to minimize blood loss (haemostasis);

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

6.3 Implant

6.3.1 Stent

The designjattributes to meet the intended performance of the stent.shall additionally take into account at Ipast

the followinp:

a) the ability of the stent to be consistently, accurately and.$afely deployed;

b) the abiljty of the stent to ensure effective fixation and apposition in the intended location within the vasculajure;

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

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

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

f)  the corpatibility of the stent with_exposure to magnetic resonance imaging (MRI) fields;

g) the copliance of the steft)with the requirements of ISO 10993-1 and appropriate other parts off the
ISO 10P93 series of International Standards (biocompatibility);

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

6.3.2 Coating

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

a)

b)

c)

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

the appropriate interaction between the coating and the stent (e.g. coating influenced corrosion of the substrate);

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

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

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

© 1SO 2012 — All rights reserved
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6.3.3 Drug

The design attributes to meet the intended performance of the stent if the coating is a drug or if a drug is
incorporated into the stent or coating shall additionally take into account at least the following:

a)
b)
c)

d)

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

the freedom of the drug(s) from deleterious impurity and degradant levels at manufacture and w

ith storage;

e)

f)

7

The
mat
for (
to tq
sha
diffe

8

8.1

The
out

Jusdification shall be provided for the properties not measured.

NOT

Itis
theg
Tes
sten
perf

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

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

Materials

requirements for materials of 1ISO 14630:2012, Clause 6, apply. Additional testing specifi
brials (e.g. metals, polymers, drugs) shall be performed to determine.the appropriateness of
se in the design. For example, Nitinol materials dependent on shapeimemory properties shall b
sting in order to assess transformation properties. In addition, for dfug-eluting stents drug ide
| be performed, including the identification of impurities andidegradants. Electro-chemical
ring metals (stents, guidewires, other accessory devices) might require additional types of tes

Design evaluation

General

requirements for design evaluation of ISO14630:2012, Clause 7, apply. A risk assessment sha
and the requirements of ISO 14971:2007, Clauses 4, 5, 6 and 7, shall apply.

E1 All testing might not be"appropriate for all stent system designs.

impossible to take inte~consideration all future and emerging technologies. The stent system
e new technologiestwilt'need to be evaluated following the basic requirements of this part of
ing beyond the sCepe of this part of ISO 25539 might also be necessary in order to charac
t systems. Cansideration shall be given to the failure modes of the stent systems and their ef
ormance of.the implant in identifying the appropriate testing.

Wh

appfopriate-analysis of the potential impact of the change on the failure modes and performance
system-shall be performed. Appropriate testing shall be conducted as deemed necessary.

never.changes are made in materials, construction, configuration, application or processing 1

j is applied,;

C to certain
he material
e subjected
ntity testing
otentials of
ing.

| be carried

s based on
ISO 25539.
erize these
fects on the

nethods, an
of the stent

The use of a control device for comparison should be considered in the evaluation of certain design attributes.

If overlapping of stents can be anticipated in clinical use (e.g. superficial femoral artery, coronary), integrity of
the stent under study in overlapping configurations should be evaluated, unless justification can be provided for
testing of individual stents. If overlapping with a different device is specifically indicated, testing should include

eval

uation with the indicated device.

© 1SO 2012 — All rights reserved


https://standardsiso.com/api/?name=f736ace4133c44754214602e8e5ddc7a

ISO 25539-2:2012(E)

Testing to establish the labelled shelf-life shall be conducted by repeating appropriate tests. Justification for the
selection of tests shall be provided. For drug-eluting stents, real time and accelerated testing conditions should
be used to define drug attributes for product shelf life.

NOTE 2  Additional guidance for stability testing of drug products can be found in ICH!) Q1A[34] (R2), ICH Q1BI35],
and ICH Q1DI36l.

8.2 Sampling

A sampling plan shall be utilized which will ensure that adequate representation of the data has been obtained
for each parameter measured. The design characteristics of the stent (including any drugs and/or coatings),
delivery syg$tem and stent system shall be verified to be representative of the devices to be released for
distributionincluding all sizes, configurations and components.

The samplifg shall fully represent the range of device designs and might not necessarily requirethe testirlg of
each size. The stent sizes selected for testing shall represent the worst case combination(s)of diameter|and
length for efach test. A rationale shall be provided for sample selection. It might be necessary to condugt an
assessmenf to identify the size(s) of the device with the greatest potential for failure.

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

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

8.3 Condlitioning of test samples

All samples|shall be subjected to sterilization, including multiple sterilizations, if appropriate, unless justificgtion
is provided [for use of non-sterilized products.

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

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

8.4 Reporting

For the purposes of this part of ISQ.25539, reporting relates to requests from a national regulatory authorify or
from a body responsible for assessing conformity.

The test regort for the preclinical in vitro testing shall include an executive summary of all testing. This sumnpary
should incliide identification of tests, with the rationale for the omission of any tests identified in Anngx B
or the selegtion of alternative tests. The information provided in each test report should be based upgn a
prospectively defined test protocol.

A summary of results, with acceptance criteria and any potential clinical significance of the results, shpuld
be included and can be in tabular form. Consideration shall be given to the anatomical, physiological, and
morphological conditions of the intended use in establishing the acceptance criteria. Justification and clinical
applicability of acceptance criteria for each test shall be provided. A table of contents should be provided and
pages should be numbered sequentially.

Individual test reports should include the following information:
a) purpose: state the purpose of the test as it corresponds to this part of ISO 25539;

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

1) International Conference on Harmonization guidelines.

8 © 1S0 2012 — All rights reserved
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Thig covers the ability of the system to permit safe, consistent and acclirate access to the intende

For

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

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

selection of

test method: describe in detail the method used to perform the test, including any prospectively defined

inspection procedures, and provide a justification for critical test parameters;

protocol deviations: describe any deviations and their potential significance on the interpretation of the results;

expression of results: describe testing results expressed in units as indicated in the test method,;

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

Delivery system and stent system
I Ability to access

.1 General

estimating risks, the hazards to be considered include, but arewnot limited to, the following:
guidewire not crossing the lesion;

introducer and delivery system not matching the access site (i.e. size mismatch);

delivery system not advancing to target site;

embolism and air embolization;

stent dislodgement.

se hazards might result in reportable clinical events, including but not limited to the following:
access failure;

vascular trauma;

neurological deficit,

ischemia;

spinal neurological deficit;

embolization;

ny potential

i location.

procedural bleeding.

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

8.5.1.2 Bond strength

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

© 1SO 2012 — All rights reserved
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8.5.1.3 Component dimension compatibility

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

8.5.1.4 Dimensional verification

Determine the appropriate dimensions for conformance with design specifications.

8.5.1.5 Di

Determine
balloon and

q
~=-

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

8.5.1.6 Flex/kink

Evaluate th
radius or arj

8.5.1.7 Pr

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

ofile/diameter test

Determine {he maximum diameter along sections of the stent system.

8.5.1.8 Pu

Evaluate th
bending or

8.5.1.9 Si

Evaluate th

shability

e ability of the stent system to be pushed or pgsitioned by an operator without undesir
buckling.

mulated use

b performance of the stent system using a model(s) that simulate(s) the intended use conditions.

8.5.1.10 Tgrquability

Evaluate th

p ability of the stent systemrto-provide sufficient rotation to the distal (leading) end to deliver the s

within the apatomy, if appropriate for the intended clinical use.

85111 T

rsional bond strength

Determine fhe torque/rotation required to break joints and/or materials in the appropriate delivery sys
components, if apprapriate for the intended clinical use. The results shall be evaluated in relation to the tofque
necessary {o access'the system.

ded

vant

bble

tent

tem

8.5.1.12 Trackability

Evaluate the ability of the stent system to advance through the vessel to the target site using the recommended
accessories. Evaluate the potential for displacement of the guidewire from its intended position during the
advancement of the stent system, as appropriate for the intended use of the stent (e.g. loss of side-branch

access duri

ng stenting).

8.5.1.13 Visibility

Evaluate the ability to visualize the delivery system and/ or stent system during access using fluoroscopy. The
use of other technologies for visualization shall be justified.

10
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8.5.2 Ability to deploy

8.5.2.1 General

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

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

a)

b)

inability to fully and properly deploy the stent;

stent dislodgement;

c)
d)
e)
f)
The]

Tesling shall include the following items listed in 8.5.2.2 to0 8.5.2.13, as appropriate to the design of the s

8.5.

Det
und
dep

8.5.

balloon failure (if applicable);
stent or delivery system damage;
inadequate visualization;
embolism and air embolization.
se hazards might result in reportable clinical events, including, but not Jimited to, the following:
delivery system failure;
deployment failure;

spinal neurological deficit;
neurological deficit;

vascular trauma;

ischemia;

embolization;

damage to stent;

procedural bleeding.

.2 Bond strength

brmine the lofgitudinal bond strength between parts of the delivery system. All bonds shall re
er recommended conditions of use. The results shall be evaluated in relation to the force(s) n
oy the stent.

3~ Balloon inflation time (balloon expandable or balloon assisted stents)

tent system.

main intact
bcessary to

Determine the time required to expand the balloon to the maximum recommended inflation pressure, volume
or diameter. The stent system should be used for this test if the stent is intended to be mounted on the balloon

duri

ng inflation.

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

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

© 1SO 2012 — All rights reserved
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8.5.2.5 Balloon rated burst pressure (RBP) (balloon expandable or balloon assisted stents)

Determine the burst pressure with an appropriate safety margin. The stent system should be used for this test

if the stent i

s intended to be mounted on the balloon during inflation.

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

8.5.2.6 Balloon rated fatigue (balloon expandable stents)

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

Designate {

8.5.2.7 Component dimension compatibility

Evaluate th
accessories
through the|

he maximum recommended number of inflation cycles.

b dimensions of the stent delivery system for compatibility with the dimensions_of recommer
. All components shall be dimensionally compatible. The need for contrastto be able to
lumen of the guide catheter with the stent system in place should be considefed.

8.528 D

Determine

i
I:e appropriate dimensions for conformance with design specifications.

ensional verification

8.5.2.9 DT

Determine
balloon and

lodgement force (pre-mounted balloon expandable stents)

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

8.5.210 D

Determine
outer diame

8.5.2.11 Fa

Determine the force required to deploy)the stent from the delivery system.

8.5.2.12 Si

Evaluate th

8.5.2.13 Visibility.

Evaluate th

)

gboning (balloon expandable stents)

e diameter(s) of the balloon extending.beyond the ends of the stent that are greater than the s
ter(s) at the maximum recommendedhinflation pressure.

rce to deploy (self-expanding stents)

mulated use

b performancglof'the stent-system using a model that simulates the intended use conditions.

e~ability to visualize the stent and delivery system during placement and deployment u

ded
ass

ded

tent

5ing

fluoroscopy

THe use of ather ‘rnr*hnnlnginc for visualization shall he Jincfifind

8.5.3 Abil

8.5.3.1

This covers

ity to withdraw

General

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

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

a) improp

b)

12

er balloon deflation (balloon expandable);

balloon winging (balloon expandable);
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c)
d)
e)
f)
9)
h)

ISO 25539-2:2012(E)

lack of structural integrity;
embolism;

diameter mismatch;

stent dislodgement;

stent or delivery system damage;

delivery system snags on, or adheres to the stent;

The

Tes

8.5.

Det
und
with

8.5.
Eva

acc
thro

8.5.

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

inadequate visualization.

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

spinal neurological deficit;
embolization;

damage to stent;
procedural bleeding.

ing shall include the following items in 8.5.3.2 to 8.5.3.9, as appropriate to the design of the st

3.2 Bond strength

br recommended conditions_of use. The results shall be evaluated in relation to the force(s) n
draw the system.

3.3 Componentidimension compatibility

uate the dimensions of the stent delivery system for compatibility with the dimensions of reg
bssories. /Al components shall be dimensionally compatible. The need for contrast to be a
ugh the-lumen of the guide catheter with the stent system in place should be considered.

B4) Dimensional verification

ent system.

prmine the longitudinal bondstrength between parts of the delivery system. All bonds shall r¢main intact

ecessary to

ommended
ble to pass

Determine the appropriate dimensions for conformance with design specifications.

8.5.3.5 Flex/kink

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

8.5.3.6 Simulated use

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

© 1SO 2012 — All rights reserved

13


https://standardsiso.com/api/?name=f736ace4133c44754214602e8e5ddc7a

ISO 25539-2:2012(E)

8.5.3.7 Torsional bond strength

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

8.5.3.8 Tubing tensile strength

Determine the strength of the tubing used in the delivery system as appropriate to the material.

8.5.3.9 Visibility

Evaluate the ability to visualize the delivery system during withdrawal using fluoroscopy. The use-of O

technologi

8.5.4 Bio¢ompatibility

Biocompatibility shall be tested in accordance with ISO 10993-1 and appropriate other parts‘af.the ISO 10993 s¢
of Internatiohal Standards. For extraction tests, the stent should be tested separately fromjthe delivery system

8.5.5 Haemostasis

8551 G
This covers
For estimat
a) compo
b) sealin
c) otherle
These hazg
— proced
haema

Testing sha

8.5.5.2 Cq

Evaluate th
accessories

for visualization shall be justified.

neral

the ability of the system to minimize blood loss.

ng risks, the hazards to be considered include, but:are not limited to, the following:
hent dimensional incompatibility (size mismatch);

ompetence;

akage.

rds might result in reportable clinical events, including, but not limited to, the following:
ural bleeding;

oma.

include the following items listed in 8.5.5.2 t0 8.5.5.4, as appropriate to the design of the stent sys

dbmponent dimension compatibility

b dimensions of the stent delivery system for compatibility with the dimensions of recommern
. Alkcomponents shall be dimensionally compatible.

ther

ries

ded

8.5.5.3 Dimensional verification

Determine the appropriate dimensions for conformance with design specifications.

8.5.5.4 Assessment of haemostasis

Evaluate the ability of any seal or valves in the delivery system to maintain an adequate haemostatic seal when

used with a

14

ppropriate accessory devices.
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8.6 Stent
8.6.1 Ability to accurately deploy

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

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

a) inaccurate Irmei’rir'ming or orientation;

b) |improper deployment configuration;
c) |incomplete deployment;

d) |inadequate visualization.

These hazards might result in reportable clinical events, including, but not limitéd to, the following:
— [branch vessel occlusion;

— |delivery system failure;

— |deployment failure;

— | stent migration;

— |intraprocedural vessel occlusion;
— |ischemia;

— [vascular trauma.

Testing shall include the following items listed in 8.6.1.2 to 8.6.1.5, as appropriate to the design of the stent.

8.6.1.2 Stent length-to-diameter relationship

Detérmine the relationship between stent length and expanded stent diameter.

8.6.11.3 Profile effect/flaring (balloon expandable stents)

Determine the chafge in distance between the external diameter of the stent and the external diameter of the
ballpon after tracking through a tortuous path.

8.6.1.4 Simulated use

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

8.6.1.5 Visibility

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

8.6.2 Fixation effectiveness

8.6.2.1 General

This covers the ability of the stent to remain in its deployed position.
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For estimating risks, the hazards to be considered include, but are not limited to, the following:

a) incomplete apposition to vessel wall;

b) excessive or inadequate radial outward force.

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

— intraprocedural vessel occlusion;

— vascular trauma;

— trauma|to adjacent structures;

— branchjvessel occlusion.

Testing sha]l include the following items in 8.6.2.2 to 8.6.2.8, as appropriate to the design ofithe stent.
NOTE Rour tests are listed below, which determine forces related to the deformation of-the“stent. Although similar,
crush resistgnce with a radially applied load, crush resistance using parallel plates, local'cOompression and radial fprce

tests measuie different attributes of the stent, as follows:

— the crugh resistance test with a radially applied load measures the ability of_a balloon-expandable stent to rgsist
permangent deformation when subjected to a circumferentially uniform radialfload;

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

— thelocal compression test measures the ability of a stent to resist permanent deformation under a localized (e.g. point) [oad;

— the radipl force test measures the force exerted by a self-expanding stent on the vessel in the deployed state dyring
expansipon and compression.

8.6.2.2 Co¢nformability to vessel wall

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

8.6.2.3 Ciush resistance with a radially applied load (balloon expandable stents)

ed.

Determine the load/deformation characteristics of the stent while a circumferentially uniform radial load is app|

8.6.2.4 Ciush resistance with parallel plates

Determine {he load required to cause clinically relevant buckling or a deflection reduction of at least 50 % of
the original| distance. between the plates and the load required to permanently deform or fully collapse|the
stent. This {est is\required for stents that can experience direct compression in a clinical setting (e.g. ballpon-
expandablg peripheral stents).

8.6.2.5 Local compression

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

8.6.2.6 Radial force

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

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

8.6.2.8 Simulated use

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

8.6.3—Stentintegrity

8.6.3.1 General

Thig covers the ability of the stent to resist structural failure.

For festimating risks, the hazards to be considered include, but are not limited to, théfollowing:
a) |[structural failure of the stent, including the coating, if applicable;

b) |loss of complete apposition to vessel wall;

C) |excessive, unintended stent expansion non-uniformity.

Thelse hazards might result in reportable clinical events, including, but not limited to, the following:
— |stent fracture;

— |residual stenosis;

— |in-segment restenosis;

— [|in-stent restenosis;

— |restenosis;

— | vessel occlusion, intraprocedural;

— | vessel occlusion, peripracedural;

— |vessel occlusion, late;

— |stent migration;

— |vascular trauma;

— |ischemia due to emboli or in-stent thrombosis;

— |tfauma to adjacent structures.

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

8.6.3.2 Acute coating integrity

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

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

Determine the appropriate dimension or other parameters (e.g. mass) of the stent coating.
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8.6.3.4 Corrosion

Evaluate the susceptibility of the stent to corrosion in an actual or simulated environment. These corrosion
mechanisms can include pitting, fretting, crevice and galvanic corrosion. Each corrosion mechanism should
be evaluated for specific stent designs, as appropriate. For example, fretting corrosion should be evaluated for
stents that may be used in an overlapped condition.

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

8.6.3.5 Durability

8.6.3.5.1 General

tent
sent

The evaluat
sizes and cq

on of long-term durability under anticipated physiological conditions shall be performed, |fhot all 4
nfigurations are evaluated, the size(s) and configurations to be evaluated shall be selected to repre

the greatest
applied to g
durability of

The followir
overlag

potenti
integrit

in vivo
torsion

Testing has
loading. Te
physiologic
should be G

8.6.3.5.2

Determine

deployment
properties s
analysed. T|
and can be
stent sizes)

potential for fatigue failure, so that conclusions regarding the acceptable durability an be reason
ther sizes and configurations not tested. Results from the testing and the analyses to evaluate
the stent are complementary and should be interpreted both independently’and in combination.

g items shall be considered in evaluating stent durability:
ping stents, as appropriate;

bl failure modes, such as strut or bridge fracture, wear, permanent deformation, loss of coz
y (e.g. delamination, particle shedding or dehiscence);

loads, as appropriate to the specific intended site~of implantation (e.g. bending, radial, a
crush);

limitatipns of the test and associated potential artefacts.

not yet been standardized for the evaluation of the effects of physiological loads beyond rg

loading and potential failure modes. Anatomic variability and post-implant morphologic char
onsidered in establishing appropriate boundary conditions for test and/or analysis.

btress/strain analyses

he critical stresses“and/or strains in the stent due to manufacturing, catheter loading, deliy
and in vivo loading, using appropriate tools such as finite element analysis (FEA). The mat
hall be selected\as those appropriate to the specific stage of manufacturing and deployment b
he results ofthis stress/strain analysis can be used to determine appropriate design safety mar
used tolestablish the appropriate test conditions and to select the appropriate test articles
for durability testing.

8.6.3.5.3

Fatique safety factor determination

Ably
the

ting

Kial,

dial

5ting and/or analyses in addition tosthose listed below might be necessary to fully evaluatg all

ges

ery,
brial
bing
hins
e.g.

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

8.6.3.5.4 Fatigue durability testing

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

Test conditions shall be documented and justified, and shall include the number of samples, stent sizes tested,
test frequency, and other parameters used in simulating the physiological conditions. Loading/deformation
modes and magnitudes and the requisite number of test cycles shall be justified by appropriate physiological
models and analyses. The stent size(s) and configurations to be tested shall be selected to represent the

gregtest potential for fatigue failure, so that conclusions regarding the acceptable durability can bel

app

Tes
star
moq

8.6.

Eva
wor

Exal
con
with

Exal

8.6.

Detgrmine the size and amount of particles generated from the coating when subjected to simulated in vivi

8.6.

The
The

8.6.4 Sizing

8.6.4.1 General

Thig

For

ied to other sizes and configurations not tested.

ing to fracture shall be considered, but is not a requirement. While test methods'have n
dardized, durability testing to fracture has several potential advantages, includingyidentificati
es, verification of device fatigue analysis and appropriateness of factor of safety.

B.5.5 Coating durability

uate the ability of the coating to resist delamination (e.g. flaps, bare spots) when subjected {
5t-case physiologic loads in a manner consistent with 8.6.3.5.4.

mination of the coating under appropriate magnification shalkbe conducted. Inspection rest
respect to available preclinical in vivo and clinical perférmance.

Mminations at pre-specified intervals should be considered.

B.5.6 Coating particulate generation

3.6 Visual inspection

stent shall conform to the manufacturer’s specifications with respect to surface defects and cor
stent shall be free of defects‘that would render the stent unsuitable for its intended use.

covers the ability of the stent to remain in its placed position within the vasculature, by approp

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

reasonably

bt yet been
bn of failure

o simulated

Its shall be

pared to baseline characteristics to determine the effective life of the coating. Results shall e analysed

D conditions.

tamination.

riate sizing.

a)
The

nappropriate-sizing:

se hazards might result in reportable clinical events, including, but not limited to, the following:
stent migration;

stent thrombosis;

branch vessel occlusion;

vascular trauma;

trauma to adjacent structures;

residual stenosis;

© 1SO 2012 — All rights reserved

19


https://standardsiso.com/api/?name=f736ace4133c44754214602e8e5ddc7a

ISO 25539-2:2012(E)

in-sten

vessel
vessel
vessel

ische

Testing shal include the following items listed in 8.6.4.2 to 8.6.4.6, as appropriate to the design of the)ster

8.6.4.2 Di

Determine

8.6.4.3 St

Determine
expandablg

in-segment restenosis;

t restenosis;

restenosis;

occlusion, intraprocedural;
occlusion, periprocedural;

occlusion, late;

1a.

ensional verification

he appropriate dimensions for conformance with design specifications.

ent diameter to balloon inflation pressure (balloon expandable stents)

the relationship between the stent diameter and the balloon (nflation pressure for bal
stents.

8.6.4.4 Rgcoil (balloon expandable stents)

Determine

balloon infl@tion to the final outer diameter after balloon removal. The sizing scheme recommended for

stent in the

8.6.4.5 Si

Evaluate th

8.6.4.6 Str

Determine

he percent change of the stent outer diameter from'¢the maximum outer diameter obtained

IFU should take into consideration this recoil.

mulated use

b performance of the stent using a_model that simulates the intended use conditions.

nt length to diameter relationship

he relationship between stent length and its expanded diameter.

8.6.5 Patency

—

oon

Wwith
the

8.6.5.1 Gg¢neral

This coverglthe ability«of the stent to maintain an open lumen.

For estimat|ngrisks, the hazards to be considered include, but are not limited to, the following:
a) kinking;

b) twisting;

c) inaccurate deployment;

d) deformation, including stent closure;

e) thrombogenicity.

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

20

stent thrombosis;

residual stenosis;
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in-segment restenosis;

in-stent restenosis;

restenosis;

vessel occlusion, intraprocedural;
vessel occlusion, periprocedural;

vessel occlusion, late;

angina;
recurrence of portal hypertension (for TIPS);
myocardial infarction;

ischemia;

embolism;

neurological deficit.

ing shall include the following items listed in 8.6.5.2 to 8.6.5.8, ds appropriate to the design of

NOTE There are four tests listed below that determine forces related to the deformation of the stent. AltH

Crus

testg measure different attributes of the stent, as follows:

8.6.

Det

8.6.

Det

the crush resistance test with a radially applied load measures the ability of the stent to resist permanen
along the entire length of the device when subjected.fora radially applied load;

the crush resistance test using parallel plates méasures the ability of the stent to resist permanent defor|
the entire length of the device when subjected\to a load uniformly applied over the length of the device;

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

the radial force test measures the\force exerted by the stent on the vessel in the deployed state.

b.2 Crush resistance-test with a radially applied load (balloon expandable stents)

brmine the load required to cause clinically relevant buckling or a diameter reduction of at leas

5.3 Crush.résistance with parallel plates

brmine<the” load required to cause clinically relevant buckling or a deflection equivalent to

reddiction\(Tumen reduction) of at least 50 % and the load required to permanently deform or fully
ster|tCFhis test is required for stents that can experience direct compression in a clinical setting (e

exp

8.6.

the stent.

ough similar,

h resistance with a radially applied load, crush resistance using.parallel plates, local compression and radial force

deformation

mation along

I a localized

50 %.

a diameter
tollapse the
.g. balloon-

andabte peripherat Stents):

5.4 Flex/kink

Determine the minimum radius of curvature that the stent can accommodate without kinking or exhibiting a
diameter reduction (lumen reduction) of greater than 50 % and determine whether the stent recovers its original
geometry after testing.

8.6.

5.5 Local compression

Determine the deformation of the stent in response to a localized compressive force, perpendicularly applied
to the longitudinal axis of the device. This test is required for stents of a design with the potential for a different
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response to local compression as compared to a radial or flat plate compressive force and for which this test
is clinically relevant.

8.6.5.6 Radial force

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

8.6.5.7 Simulated use

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

8.6.5.8 St

Determine
between th

8.6.6 Magnetic resonance imaging (MRI) safety and compatibility

Evaluate th
For estimat
a) magne
b) lack of

NOTE 1
artefact can

A

These hazg

stent m

NOTE2 1
patients with

8.6.7 Bioc

Biocompati
series of In
coating con
delivery syq

8.6.8 Dru

vascular trauma;

pnt-free surface area and stent outer surface area

p stent and the vessel.

b safety and compatibility of the implant using MRI.

ng risks, the hazards to be considered include, but are not limited toj\the following:

quality imaging (image artefact).

dditional guidance for evaluating magnetically induced displacement, torque, RF heating, and im3
be found in ASTM F2052[20], ASTM F2213[26] ASTM F2482[251 and ASTM F2119[23],

rds might result in reportable clinical events, ingluding, but not limited to, the following:

igration.

'he MRI artefact caused by some stents might compromise the effectiveness and limit the use of M
these implants.

tompatibility

pility shall be testedifi accordance with ISO 10993-1 and appropriate other parts of the ISO 10
fernational Standards. For drug-eluting stent products, additional toxicity testing of the drug
nponents might-be necessary. For extraction tests, the stent should be tested separately from
tem.

j elation

he free or open surface area of the stent as a function of stent diameter and the-contact @rea

ically induced displacement force and torque, and radio frequericyy(RF) induced heating of the sjent;

ging

Rl in

993
and
the

8.6.8.1

General

This covers the ability of the stent to elute the drug per design specifications, both on manufacture and with storage.

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

a) excess
b)

c)

22

ive drug delivery;

inadequate drug delivery;

unintended variability in localized drug delivery.
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These hazards might result in reportable clinical events, including, but not limited to, the following:

adverse biological reaction (toxicity);

aneurysm of vessel wall or necrosis (mal-apposition of stent);
residual stenosis;

in-segment restenosis;

in-stent restenosis;

Tes

8.6.

Det

8.6.

Det

8.6.

Iden

8.7

8.7.1 Purpose

The
of th

Inp
of th

restenosis;

vessel occlusion, intraprocedural;
vessel occlusion, periprocedural;
vessel occlusion, late;
embolization;

ischemia;

stent thrombosis.

ing shall include the following items listed in 8.6.8.2 to 8.6.8'4, as appropriate to the design of

B.2 Drug content/amount

brmine the amount of drug on the stent.

B.3 Elution profile

brmine the amount of drug that elutes over the desired time period.

B.4 Drug identity

tify the type and determipe.the purity of the drug and characterize the type and amount of deg

Preclinical in vivoevaluation

purpose‘afipreclinical in vivo testing is to evaluate the delivery and deployment of the stent ang

brtiCular, preclinical testing should provide data pertaining to safety. The testing shall evaluate tf

the stent.

radants.

withdrawal

e delivery system in accordance with the IFU and to determine the response of both the host and the stent.

e suitability

e“stent for its intended use in clinical investigation.

8.7.2 Specific aims

Spe
a)
b)
c)

d)

cific aims of the study shall be stated and can include the following, as appropriate:
evaluate the ability to access the target location with the delivery system;

evaluate the handling and visualization of the delivery system and visualization of the stent;
verify the accuracy and efficacy of deployment;

characterize the ability to withdraw the delivery system;
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the IFU is correct);

evaluate the functional haemostasis of the delivery system;

provide mechanical support to maintain or restore the vessel luminal area);

relevant tissues over time;

e)

f)

9)

h)

i) asses
aneur
evalua

j) record

NOTE N

8.7.3 Profocol

Each stent §
a justified n
is provided,
interim sac
kinetics ang
permitted b

design intepded for clinical use.

Safety stud
effect of ov

for omission of this type of testing. Local, regional (down-stream), and systemic toxicities should be asses

For drug-el
levels, over

Interpretatiq
for compari
eluting sten
control artig

All animals
including th
the implant
appropriate

The design
analysis, sh

(e.g. embolism,
ion of histology and pathology of explants and pertinent tissues/organs;

adverse events and potential contributing factors (e.g. stent versus delivery system).

lore than one study can be used to address the specific aims.

bystem shall be tested by implantation of the stent at the intended, or at an analogous vascular si
Lmber of animals for at least 26 weeks in each animal, unless a justification for a shorter-term s
Type and intervals of interim assessments shall be specified and.justified. For novel technolog
ifices and longer implant durations might be indicated. For{drug-eluting stent trials, drug deli

residence time in the tissue should be considered in establishing the implant duration. As fg
y the limitations of the animal model, all devices used shal¥be of clinical quality and size, and o

ies of drug-eluting stents should include assessment of dose-dependent effects, including
brdosing (e.g. no drug, nominal drug dose, and™3 x overdose), unless justification can be prov

iting stents, at least one study should(easure drug plasma levels as well as evaluate drug tig
time.

n of animal study results canbe enhanced by the use of at least a small number of control dev
5on purposes. A rationale_should be provided if a control device is not used in the study. For d
t studies, both bare metaland coated stents (without the drug), if applicable, should be use
les.

in the study shallCbe regularly examined. All animals shall undergo post-mortem examina
bse that expitg)prior to scheduled termination. The cause of death or iliness, and the extentto w
was implicated shall be documented. Histological and pathological assessment of explants
tissues/organs shall be provided.

bf the preclinical in vivo testing, including the experimental protocol, measurement methods and
all’be specified. In addition, the choice of animal model such as species, gender, age and whe

evaluate the appropriateness of stent sizing (i.e. verify that the recommended sizing that will be listed in

assess the position, integrity and functionality of the stent (e.g. the functional purpose of the stent is to

for drug-eluting stents, evaluate the presence of the drug in blood, in the treated vessel and in other

sis,
an

fe in
udy
ies,
ery
r as
the

the
ded
sed.

sue

ces
fug-
1 as

ion,
hich
and

ata
ther

or not a les

on is created, shall be justified and shall be consistent with the study objectives. Implantation shall

be consistent with the recommended instructions for clinical use, as far as permitted by the limitations of the

animal mod

NOTE

el, including overlap of stents, if applicable.

See ISO/IEC 1702502 for guidance on appropriate laboratory practices.

8.7.4 Data acquisition

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

a)

1

24

identification data:

source of animals;
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2) animal identification;

3) sex;
4) age;
5) weight;

b) pre-operative data:

1) verification of health status, including appropriate blood testing;

2) medications (e.g. prophylactic antibiotics);
c) |operative data:
1) date of procedure;
2) name of person performing procedure;
3) description of the implant procedure, including:
i) identification of stent system and accessory devices;
i) stentidentification number;
i) in situlength and diameter of stent;
iv) diameter(s) of recipient vessel(s);
v) use of antithrombotic therapy;
vi) surgical approach;
vii) implant location;
4) assessment of parameters specified in the protocol, such as:
i) accuracy and efficacy.of insertion of delivery system and deployment of the stent;
i) handling and visualization of the delivery system and visualization of the stent;
i)y efficacy of withdrawal of delivery system;

iv) appropriateness of sizing and sizing scheme (i.e. verify that the recommended sizing that will be
listed.in'the IFU is correct);

v) Sblood loss, including the location;

provide mechanical support to maintain or restore the vessel luminal area);

vi) position, integrity and functionality of the implant (e.g. the functional purpose of thT stent is to

vii) adverse perioperative events;
d) post-operative and follow-up data:
1) post-operative duration at the time of follow-up;
2) medications, including those that affect coagulation;
3) the methods used and results of the assessments specified in the protocol, such as:
i)  observation of integrity, functionality and position of implant;

i) adverse events, date of occurrence, therapy and outcome;
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iii) for drug-eluting stents, the level of drug in blood, if required by the protocol;
4) any major deviation from protocol;
e) termination data:
1) date of death;
2) reason for early termination or death, if applicable;

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

4) gross observation of the explanted stent and surrounding tissue;
5) pathological assessment of appropriate tissues and/or organs, if required per the protoeol;

6) forl drug-eluting stents, the level of drug in tissue, if required by the protocol.

8.7.5 Tes{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 regort shall include the following:
a) study gdrotocol;
b) rationale for selection of the following:
1) anjmal species;
2) implantation site;
3) implantation durations;
4) methods of assessment;
5) type and intervals of interim assessments;
6) sample size (i.e. number of animals and implants);
7) coptrol, if applicable;
c) rationale for not using a'eontrol group, if applicable;
d) results
1) anjmal aceountability, including rationale for exclusion of data;

2) summary of adverse events;

3) summary of early deaths or sacrifices for cause;
4) significant and/or relevant deviations from protocol;
5) summary of results, discussion and conclusions for each specific aim of the study;

6) pathological assessment of appropriate tissues and/or organs, including representative gross
photographs and micrographs, if required per the protocol;

7) summary of quality assurance and data auditing procedures, including a statement relative to
compliance with appropriate standards.

26 © 1S0 2012 — All rights reserved


https://standardsiso.com/api/?name=f736ace4133c44754214602e8e5ddc7a

ISO 25539-2:2012(E)

8.8 Clinical evaluation

8.8.1 Purpose

The purpose of clinical evaluation is to provide reasonable assurance of the safety and effectiveness of the stent
system. A clinical investigation shall be carried out for any stent system incorporating design characteristics for
which the safety and effectiveness has not been previously demonstrated. The investigation shall be carried
out using 1ISO 14155, taking account of the specific aspects of vascular stents listed below in the following
subclauses. The stent shall have satisfied appropriate preclinical testing requirements of this part of ISO 25539
before starting the clinical investigation.

NOTE ISO 14155 provides requirements regarding clinical investigations. The following subclauses prqvide specific
detalls regarding the clinical investigation of vascular stents.

8.8.2 Specific aims

The] specific aims of the study shall be stated and can include the following, as appropriate:

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

b) |evaluate the handling and visualization of the delivery system and visualization of the stent;
c) |verify the accuracy and efficacy of deployment;

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

e) |evaluate the appropriateness of stent sizing;

f) |evaluate the acute and chronic position, structural‘integrity and effectiveness of the stent;
g) |monitor lesion characteristics and stent positiofing (over time);

h) |evaluate any explants;

i) |evaluate pathology of any pertinepf\tissues/organs;

j) |record reportable clinical events.

8.8.3 Clinical investigation plan

A nmulticentre study (at‘@minimum of three investigational sites) shall be performed. A justificdtion for the
nunpber of investigational sites shall be provided. A statistical justification for the number of patignts studied
shal|l also be provided based upon the clinical hypotheses. The calculation of the number of patients to be
enr¢lled shall take*account of the effect of comorbidities on the life expectancy of the patient popujation.

Thel durationof patient follow-up shall be determined in relation to the objectives of the clinical investigation.
All patients implanted with either a test or control stent, including those excluded from the final analysis, shall
be recorded and reported. The final report shall include current follow-up data on all patients with {ollow-up as
specified by the clinical investigation plan for the Tast pafient enrolled. Patient follow-up intervals shall include
a minimum of a baseline assessment at discharge and at the end of the clinical evaluation. A justification will
be required for follow-up intervals.

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

A specific question or set of questions shall be defined prospectively. These questions shall delineate the
appropriate end points to be measured and include definitions of success and failure for each end point. The
definitions of success and failure shall incorporate quantitative values specifically applicable to the imaging
modalities or other evaluation techniques to be used in the study.
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For drug-eluting stent clinical investigations, preliminary studies might be necessary to determine the safety of
the drug for human use, prior to initiation of the clinical investigation.

Patient selection and exclusion criteria shall be clearly established. The criteria shall specify the target
population (i.e. those for whom the stent is intended) and the accessible population (i.e. those who agree to
participate fully in the study). An appropriate epidemiological approach shall be utilized for recruiting subjects
to minimize bias.

8.8.4 Data acquisition during clinical investigations

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

population fire noted below:

a) identifi

2)
3)
4)
5)
b) pre-op
1)
2) su
3)
4) di

Cc) operatiye data:

1)
2)
3)
4)
5)
6)
7)
8)

28

patient identification;
sek;

date of birth;

napme of investigator;

name of institution;

risk factors, such as hypertension, diabetes, hyperlipidemia, tobacco use, obesity, anaesthesia
and any other cardiovascular risk factors, with some mg@asure of severity and current treatment;

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

i)
i

name of implanting physician;
date of procedure;

idgntification data for the stent(s) including model number, stent traceability, size and configuratign;

dagnostic criteria:

cation data:

brative data:

clinical assessment;

objective assessment of Iesion and access vessel characteristics and other relevant factors (9
as sizes, degree of €alcification, tortuosity, and angle of attachment sites);

risk

mmary of previous cardio-vascular interventions, including non-surgical interventions, and cardio-
vapcular implants;

uch

details of procedure, including any adjunctive vascular procedures performed;

relevant medications;

assessment of handling, visualization, deployment and withdrawal;

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

reportable clinical events (see Annex C);

i)
i)

severity, management, outcome;

documentation of stent system involvement (i.e. whether the complication involves the stent system);
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iiiy documentation of probable causative factors (i.e. whether the complication is caused by the stent
system, patient factors, technical factors, or other factors);

9) comparison of intended and actual stent location;

10) luminal diameter of stent;

11) confirmation of stent placement and conformity to vessel;
12) date of hospital discharge;

post-operative data:

1) date of each follow-up visit;

2) summary of cardio-vascular interventions since last follow-up;

3) clinical evaluation (assessment protocol might differ between the control groupiand the treatient group);
i) clinical assessment;

i) objective assessment of stent performance (migration, patency;,percentage of diamefer stenosis,
stent integrity);

iii) objective assessment of targeted lesion characteristjcs(and stent positioning;

iv) fordrug-eluting stent trials, a subset of patients should-be assessed for drug levels in blogd over time;
4) stent relevant medications, such as antithrombotic or antibiotics;
5) reportable clinical events;

i) event, date of occurrence, severity, thanagement, outcome;

i) documentation of stent involvement;

iiiy documentation of probable‘causative factors (i.e. whether the complication is caysed by the
stent, patient factors, technical factors or other factors);

patient withdrawal:
1) date;
2) months of stldy completed;

3) reason for-withdrawal (lost to follow-up, death).

b Finalreport

study protocol;

definitions of reportable clinical events;
rationale for selection of the following:
1) study size;

2) choice of control;

3) measurement methods;

4) statistical analyses employed;
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5)

pa

tient follow-up intervals;

d) procedural data and periprocedural (less than or equal to 30 days following procedure) and late (greater
than 30 days following procedure) follow-up data:

5)
6)
7)
8)
9)

10)
1)
12)
13)
14)

9 Post-market surveillance
A systemat
principles g
10 Manu

Stent syste
Requiremelpts are specified in other related International Standards.

NOTE

pa

tient accountability, including rationale for exclusion of data;

significant and/or relevant deviations from protocol;

Su

Su

mmary of patients not completing study (e.g. lost to follow-up or death);

mmary of reportable clinical events;

for

Cco

CO

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

by patient, including timing of events;

mmary of delivery system performance;

drug-eluting stents, if required by the protocol, summary of drug levels in blood over time;
mmary of lesion characteristics related to stent performance over time;

mmary of intraprocedural, adjunctive and subsequent seconidary interventions (e.g. atherectq
st-dilation) needed post-stenting, if any, to optimize results;

mmary of conversions to non-endovascular operativé surgery;

mmary of periprocedural and late deaths;

mmary of pathology, if appropriate, including representative gross photographs and micrograp
mparison of results for test and control groups;

hclusions for each specific aim of the study.

¢ procedure to review post-market experience gained from implants shall be in place using
ven in ISO 14630:2012, 7.4, and ISO 14971:2007, Clause 9.

facturing

ms«<shall be manufactured in such a way that the specified design attributes are achie

mmary of stent performance over time (e.g. migration, patency, stent integrity, change in shapg);

ural

my,

the

ved.

The requirements of ISO 13485[°] might apply.

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. Stents and/or stent systems which are labelled “Sterile” shall have a sterility assurance level (SAL) of 106,

11.1.2 Sterilization processes shall be validated and routinely controlled.

30

© 1SO 2012 — All rights reserved


https://standardsiso.com/api/?name=f736ace4133c44754214602e8e5ddc7a

ISO 25539-2:2012(E)

a) If stents and/or stent systems are to be sterilized by ethylene oxide, ISO 11135-1 shall apply.
b) If stents and/or stent systems are to be sterilized by moist heat, ISO 17665-1 shall apply.
c) If stents and/or stent systems are to be sterilized by radiation, ISO 11137-1 shall apply.

d) Ifstents and/or stent systems incorporating animal tissue are to be sterilized using liquid chemical sterilants,
ISO 14160 shall apply.

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

11.2Productssupplied mon=sterite
The|requirements of ISO 14630:2012, 9.3.1, shall apply.

11.3 Sterilization residuals

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

12 [Packaging

12.1 Protection from damage in storage and transport

12.1.1 General

Thelrequirements of ISO 14630:2012, 10.1, shall apply.

12.1.2 Unit container

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

12.1.3 Outer container

Each unit container shall be packaged in an outer container. This outer container shall be designed so as to
protect the unit container from_damage due to storage.

12.1.4 Shipping container

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

12.1.5 Maintenance of sterility in transit

stante and/ar ctant cvuctame cunnliad ctarilg thg 1init cantaingr chall hg dgcianagd 0 maintain ili
For lstentsandior stent systems-suppled-sterlethe unit contalnershall bedesigned-to-maintainl the sterility

of the stent and/or stent system under normal conditions of handling, transit and storage, and to permit the
contents to be presented for use in an aseptic manner.

The packaging shall conform to ISO 11607 (all parts).
12.2 Marking

12.2.1 Container label

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

description and/or list of the package contents;
name and/or trademark, address and contact information of the manufacturer;
name of the device (if applicable);

model/reference number;

lot/seri
steriliz
single

expiry/
warnin

dimens
after e

manufa

the chq

12.2.3 Stent systems (stents with delivery system)

At least the
a) informa
b) deliver
— din
eff

— RE
12.2.4 Rec

Each stent and/or stent.system should be supplied with transferable record labels suitable for attachment tg

records of t

manufa

Ition method and the notification “STERILE” if applicable;

Bl number;

se;
bXpiration date;
gs or reference to read the manual (symbol);

ions: length and outer diameter (unconstrained outer diameter and dianieter ranges, as applice
pansion;

cturer’s recommendation for storage, if applicable;

mical nature of any storage medium in the unit container, \with appropriate hazard warning.

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

nensions: minimum required size of introducer (internal diameter), maximum size of guidewire
ective length of the catheter;

P and maximum recommended inflation pressure, if applicable.

prd label

ne patientreceiving the stent. The record label should include the following information:

cturet’sidentification;

produc

name;

part or

12.3 Infor

12.3.1 Gen

manufacturer’s batch and/or sterile lot number;

model number (manufacturer’s catalogue number).
mation supplied by the manufacturer

eral

ble)

and

the

The requirements of ISO 14630:2012, Clause 11, shall apply. Further information is contained in tabular form in
Annex A that might be included in the information supplied by the manufacturer. Specific information for stents
and stent systems follows.
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12.3.2 Information and instructions for use (IFU)

Each unit container or outer container of which the contents are identical shall be supplied with instructions for
the use of the stent. The instructions shall include the following:

indications for use;
contraindications, cautions and warnings that are applicable;

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

recommendations for stent sizing. including vessel diameters. lesion lengths. and stent diameter as 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'stent and deliy

recommended methods for vessel preparations, such as pre-dilitation, and methods for acce
of the stent and withdrawal of the delivery system;

the statement STERILE — DO NOT RESTERILIZE — SINGLE USE-ONLY in prominent form, i
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 ©f the text, indicating whether the text has beer
recommendations for visualization;

MRI safety and compatibility information;

NOTE Recommendations for MRI labelling can be found in ASTM F2503[29],
the material of constructiof of the stent;

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

the identity and a@mount of drug(s), if applicable;

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

ery system;

ss, delivery

applicable;

revised;
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Annex A
(informative)

Attributes of endovascular devices — Vascular stents —
Technical and clinical consideration

Tables A1 to-A3-provide-alegical-methodforidentifyinga-set-of-biecempatibilitybenechpre-elirical#aVivo
and clinicall tests to assess device performance. Annex B includes a list of the bench tests identified in| the
table, with ja description of the purpose of each test, and Annex C includes definitions for the reportable
clinical events listed in the table. Annexes D and E provide informative methodology for performing benchland
analytical tgsting.
The table hpadings and explanations are listed in Table A.1 below. In addition, a form is given to help proyide
the proper ¢ontext for the information contained within the matrix.
Table A.1 — Table headings and explanations
Column number Title Explanation Context
Implant/procedure . . The implant should have an
1 related attributes Individual design goals adequate __ (column 1).
Difficulties that might be If the implant does not have an
2 Problem(s) encountered that couldxesult in adequate __ (column 1),
not meeting the individual design | there could be a problem with
goal & |___ (column 2).
- Complications or failures that If there is a problem with _____
Reportable clinical : . . (column2), (column 3
3 might be.6bserved with clinical
events . could occur and should be
use if\the problems occur
documented.
A list of tests, exclusive of animal | The following tests can be
4 Bench and analytical and clinical studies, that might conducted to evaluate the
tests be conducted to validate the adequacy ofthe __
individual design goal (column1): __ (column 4
o (G Specific aims of animal studies to In order to evaluate the adgquz cy
Preclinical in-vivo . . L ofthe (column 1) in an
5 . validate and verify the individual s : .
studies desian goal in vivo environment, the animal
gng study should (column|5).
In order to evaluate the adequacy
X . Specific aims of clinical studiesto | ofthe (column 1)ina
6 Clinical studies - oo . L ; "
verify the individual design goal clinical environment, the clinicgl
study should (column|6).
Lferemation cmliod ke, | INfOrmation to be supplied by the I\onmffn,l,%ifhe risk of {ookumd 3)
7 o PR ET manufacturer to minimize the R ——— e ’
the manufacturer . R B (column 7) should be
potential for failures to occur :
provided by the manufacturer.
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Technical and clinical considerations for delivery systems

Delivery system

1) 2) 3) 4) 5) 6) 7)
Device/ Problem(s) Reportable Bench and Preclinical Clinical Information
procedure clinical events analytical in vivo studies studies supplied by the
related tests manufacturer

attributes
Ability to access | Wire not Access failure Component Evaluate ability | Evaluate ability | Implant profile,
crossing the dimension to access to access wire dimensions
lesion Vvascular trauma compatibility compdtible with
N logical Assess Assess deliveiy system
Introducer and d ef‘,".? ogica Flex/kink handling and handling and
delivery system etict ) visualization visualization Sizing
’ . Torsional bond i
not matching Ischemia recommendations
the access strength Evaluate Evaluate
site (i.e. size Spinal Bond strength adverse events | reportable For uspr-mounted
mismatch) neurological 9 with particular clinicalrevents implarits,
deficit Torquability attention to manufpcturer
Delivery system o - events listed in suppli
not advancing Embolization Pushability column 3 informption
to target site Trackability shoul include_
Emboli recommendations
mbolism Simulated use or spefifications
S_tent Dimensional ::)rr:el \rllzrn%s
dislodgement verification p
Profile/diameter Inform .tlon
should include
Visibility recommendations
. or spefifications for
Dislodgement accessory devices
force
Ability to deploy: | Inability to Deployment Cotnponent Verify efficacy Verify efficacy For uspr-mounted
activate system failure dimension of deployment of deployment implarits,
ballpon o
deployment ) compatibility manuffcturer
exppndable mechanism Spinal Assess Assess suppli
neurological Bond strength handling and handling and informhtion
Eci;partzpor- deficit Simulated use visualization visualization shoul includg
dimensions Neurolagical Di ional Evaluate Evaluate recom .gndgtlons
: déficit imensiona adverse events | reportable or sperifications
and properties, verification ith particul linical t for dellvery
such as balloon~| \ascular trauma with particular clinical events
i attention to compqnents.
compliance and Balloon . .
burst presstre) * | Embolization deflation events listed in Informiation
' column 3 ,
of balloon Damage to stent | Balloon rated shoulginclude
relativeto burst recommendations
vessel or spefifications for
s Balloon rated accessgory devices
.tent fatigue
dislodgement
fai Balloon inflation
Balloon failure time
Damage Visibility
of stent or
delivery system Dogboning
(e.g. by other .
components) Dislodgement
force
Inadequate
visualization
Embolism
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Table A.2 (continued)

Delivery system

1) 2) 3) 4) 5) 6) 7)
Device/ Problem(s) Reportable Bench and Preclinical Clinical Information
procedure clinical events analytical in vivo studies studies supplied by the
related tests manufacturer
attributes
Ability to deploy: | Inability to Deployment Component Verify efficacy Verify efficacy For user-mounted
. activate system failure dimension of deployment of deployment implants,
self expanding N~
deployment N loqical compatibility A A manufacturer
mechanism | OO0 | s ¢ suppled
UTITIoIt |=jvjpiv) OLIUIIULII IIGIIUIIIIH anyuJ Ilallulllls ariu InfOrmatIOn
Dispropor- visualization visualization :
tion‘;tep Vascular trauma | Simulated use should include
dimensions : . . Evaluate Evaluate recommeéndatiops
of 'modelling’ Spinal Dimensional adverse events | reportable or specification
balloon rela?ive ge?rgtlogmal verification with particular | clinical events | for delivery
to implant/ etict Visibility attention to components.
Embolization events listed in :
vessel Deployment column 3 Ir;]forrlr(;qtlor .
Damage to stent | force should Include
DfarPagie g recommendatiops
g IS entor ¢ or specificationg for
elivery system accessory deviges
(e.g. by other
components)
Inadequate
visualization
Embolism
Stent
dislodgement
Ability to Improper Delivery system | Tubing tensile Verify efficacy Verify efficacy Information
withdraw: balloon deflation | failure strength of withdrawal of withdrawal should include
recommendatiops
balloon Balloon winging | Neurological Component Assess Assess or specificationg for
expandable Lack of deficit d|men5|_op_ h_andl|_ng gnd h_andll_ng _and accessory devides
compatibility visualization visualization
structural Vascular trauma
integrity Ischemi Tarsional bond Evaluate Evaluate
Emboli schemia strength adverse events | reportable
mbolism Spinal Bond strength with particular clinical events
Diameter neurologieal 9 attentionto
mismatch deficit Simulated use | events listed in
column 3
Implant Enibelization Dimensional
dislodgement verification
Damage to stent
Damage Flex/kink
of stent or -
delivery system Visibility
(e.g. by.other
components)
Delivery system
snagging or
adhering to the
stent
Inadequate
visualization
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Table A.2 (continued)
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Delivery system

attention to
events listed in
column 3

1) 2) 3) 4) 5) 6) 7)
Device/ Problem(s) Reportable Bench and Preclinical Clinical Information
procedure clinical events analytical in vivo studies studies supplied by the
related tests manufacturer
attributes
Ability to Diameter Delivery system | Tubing tensile Verify efficacy Verify efficacy Information
withdraw: mismatch failure strength of withdrawal of withdrawal should include
self expanding Llacktof . l:le‘l.JrglogicaI 9ompopent f\ssegs ) :‘\ssis_s ) :)ercsc;gg;f?:ac\jt?;f:?or
<Llruciuarar UTITIoIt UITTICTioiurt IIGIIthIU ariu TarianiTy darid aCCES Ory deVICGS
integrity compatibility visualization visualization
Vascular trauma
Embolism . Torsional bond Evaluate Evaluate
Ischemia trength adverse events | reportable
Stent Spinal Srend with particular clinical events
B pina
dislodgement neurological Bond strength attention to
Damage deficit Simulated use | events listed in
of stent or - ) : column 3
delivery system Embolization Dlmenspnal
(e.g. by other Damage to stent verification
components) Flex/kink
Delivery system Visibility
snagging on or
adhering to the
stent
Inadequate
visualization
Biogompatibility | Lack of Complications 1ISO 10993 1ISO 10993 Evaluate N/A
appropriate attributable series series reportable
biocompatibility | to a lack of ) clinical events
: Appropriate
appropriate ) .
biocompatibility h|stolog|<_:al and
pathological
investigations of
explants
Evaluate
adverse events
with particular
attention to
events listed in
column 3
Stefility Non-sterile Infection Sterilization N/A Evaluate Appropriate
product assurance reportable handlipg
clinical events instrugtions
Whether single or
multiple use
Hagmostasis Component Haematoma Assessment of | Evaluate Evaluate Sizing
dimensional haemostasis appropriateness | appropriateness | recommendations
incompatibility Procgdural . . of sizing of sizing . )
(size mismatch) bleeding Dimensional Specifjcations for
Vermication ASSESS blood ASSesSs blood accessory devices
Haemostasis Post-procedure loss loss
valve bleeding C_ompo_nent
incompetency dlmenS{op_aI Evaluate Evaluate
compatibility adverse events | reportable
Leaking with particular clinical events
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Table A.3 — Attributes of endovascular devices — Vascular stents —
Technical and clinical considerations for stent

Stent
1) 2) 3) 4) 5) 6) 7)
Device/ Problem(s) Reportable Bench tests Preclinical in Clinical Information
procedure clinical events vivo studies studies supplied by the
related manufacturer
attributes
Ability to Inaccurate Branch vessel Simulated use Assess Assess Location and
accurately positioning or occlusion visualization visualization description of
; ; Stent length )
deploy orientation -
Delivery system | 1o diameter VeriTy accuracy | veriy accuracy | landmarks
Improper failure relationship and efficacy of and efficacy of
whenever presgnt
deployment . ) T deployment deployment
configuration Stent migration | Visibility
L Profile effect/ Evaluate Evaluate
Incomplete gn:en ’ f rotiie efiec adverse events | reportable
deployment obstruction aring with particular clinical events
Vascular trauma attention to
Ir)adegua.te events listed in
visualization Ischemia column 3
Fixation Incomplete Stent migration | Radial force Assess position, | Assegs_position, | Directions
effectivenesg apposition to integrity and integrity’and regarding
vessel wall Lumen ) Cn’!Sh functionality funetionality restrictions and
obstruction resistance :
Excessive or Appropriate Monitor lesion requirements to
i ensure proper
inadequate Vascular trauma | Recoil histological and /| morphology fixation prop
radial force Trauma to Local pathologicatl )
. ) : - AN f | Appropriate
adjacent compression investigation of |t ol and
lafits istological an
structures . exp hological
Conformability pathologica
Branch vessel | to vessel wall Evaluate investigation
occlusion ) adverse events | of explants if
Simulated use with particular occurring
attention to Evaluat
events listed in valua sl
column 3 re_p(_)rta €
clinical events
Stent integrit Structural Stent fracture Fatigue and Assess position, | Assess position, | N/A
failure of stent durability integrity and integrity and
; ’ Stent . . . .
including . . functionality functionality
coating, if thrombosis Stress{stram . .
abplicable . \ analysis Appropriate Appropriate
PP Stent migrafion c _ histological and | histological and
Loss of Vasculartrauma | ~orrosion pathological pathological
complete Longitudinal investigation of | investigation
apposition to Lugmen ) tensile strength | explants of explants if
vessel wall obstruction oceurring
Visual Evaluate
Tre_iuma to inspection adverse events | Evaluate
adjacent _ with particular | reportable
structures Coating attention to clinical events
Ischemia delamination events listed in
- Coating column 3
Embolization dimensions
Coatmgmtegrity
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Table A.3 (continued)

ISO 25539-2:2012(E)

Stent
1) 2) 3) 4) 5) 6) 7)
Device/ Problem(s) Reportable Bench tests Preclinical in Clinical Information
procedure clinical events vivo studies studies supplied by the
related manufacturer
attributes
Appropriate Inappropriate Stent migration | Simulated use Verify sizing Evaluate Sizing
sizin sizin scheme reportable recommendations
9 9 Stent Stent length clizical events
thrombosis to diameter Evaluate
Ic:atiulloh;p GdVCIQC CVClT ItO
Bralnch vessel Recoil with particular
occlusion ecoi attention to
Vessel trauma | Dimensional events listed in
verification column 3
Trauma to
adjacent Stent diameter
structures to balloon
Lumen inflation
r r
obstruction pressure
Ischemia
Patgncy Kinking Stent Radial force Assess pogition, | Assess position, | N/A
. thrombosis integrity and integrity and
Twisting Cru_sh functionality functionality
| te Lumen resistance
dnacicura ¢ obstruction Simulated Appropriate Monitor lesion
eploymen Restenosis imulated use histological and | morphology
Deformation Stent free pathological Appropriate
Abrupt surface area investigation of | - ,
Thrombo- reclosure explants h|sto|og|c_:a| and
genecity Local pathological
Angina Compression Evaluate investigation
’ adverse events | of explants if
Recurrence Flex/kink with particular occurring
of portal attention to
hypertension events listed in | Evaluate
. reportable
Myocardial column 3 clinical events
infarction
Ischemia
Embolization
Neurological
deficit
Magnetic Lack éf-quality Vascular trauma | MRI N/A Evaluate Descripe MRI
respnance imaging Stent miarati compatibility reportable safetyland
imajging (MRI) (artefact) ent migration clinical events compdtibility of the
conppatibility Movement or devicg
heating of the
stent
Biogampatibility | Lack of Adverse 1ISO 10993 1ISO 10993 Evaluate List of|materials
nlnlnrnr\riah: hinlnginnl series series rplnnrfnhlﬂ utilize
biocompatibility | reaction . clinical events
e Appropriate
(toxicity) ) .
histological and
pathological
investigations of
explants
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Table A.3 (continued)

Embolization
Ischemia

Lumen
obstruction

Stent
thrombosis

Evaluate the
presence of.

the drugtinnthe
blood{and tissue
overitime

Rathological
assessment
of appropriate
tissues and/or
organs

Stent
1) 2) 3) 4) 5) 6) 7)
Device/ Problem(s) Reportable Bench tests Preclinical in Clinical Information
procedure clinical events vivo studies studies supplied by the
related manufacturer
attributes
Sterility Non-sterile Infection Sterilization N/A Evaluate Appropriate
product assurance reportable handling
clinical events instructions
Whether a;lly:c pr
multiple use
Drug elution Excessive drug | Adverse Drug content/ Evaluate Evaluate Name of
delivery biological amount adverse events | reportable therapeutic agept
reaction ) ) with particular clinical events o
Inadequate drug (toxicity) Elution profile attention to Drug'$pecific
delivery . events listed in Evaluate thfe hagdling
. Aneurysm o presence o and storage
Unl'nte.n.de.d vessel wall or column 3 the drug in the requirements (efg.
varla.blllty in necrosis (mal- Appropriate blood over time | temperature rarlge
IOC?“Zed drug apposition of histological and for storage)
delivery stent) pathological )
. investigations of The.cherlmcal
Restenosis explants or biological

nature of the driig
(mechanism of
action)

Any appropriatg
hazard warning

Total drug contgnt/
amount

Dose per unit afjea

40

© 1SO 2012 — All rights reserved



https://standardsiso.com/api/?name=f736ace4133c44754214602e8e5ddc7a

Annex B
(informative)

Bench and analytical tests

Table B.1 — Bench and analytical tests

ISO 25539-2:2012(E)

Tests

Description of test and requirements

Relevant designjvaluation
subclausej(s)

Aclite coating integrity

Evaluate the ability of the coating to resist damage
due to loading, tracking, deployment and delivery
system withdrawal.

8.6.3 Stent integrit

Asgessment of biocompatibility

Biocompatibility should be tested in accordance
with ISO 10993-1 and appropriate other parts of
the 1ISO 10993 series of International Standards.

—_

8(5.4 Biocompatibility

Asgessment of haemostasis

Evaluate the ability of any seal or valves in
the delivery system to maintain an adequate
haemostatic seal when used with appropriate
accessory devices.

8.5.5 Haemostasis|

Baljoon deflation time

Determine time required to deflate balloon and
evaluate ability to remove deflated*balloon.

8.5.2 Ability to depjoy

Baljoon inflation time

Determine the time requiredo expand the balloon
to the maximum recommended inflation pressure,
volume or diameter.

8.5.2 Ability to depjoy

Baljoon rated burst pressure
(RBP)

Determine the RBP with an appropriate safety
margin including-reliability parameters of the
balloon when used with the stent.

8.5.2 Ability to depjoy

Balloon rated fatigue

Evaluate the’ability of the balloon to withstand
a clinically justified number of repeated inflation
cycles.to the RBP.

8.5.2 Ability to depjoy

Bond strength

Determine the longitudinal bond strength between
parts of the delivery system. All bonds shall
remain intact under recommended conditions of
use.

8.5.1 Ability to accgss
8.5.2 Ability to depjoy
8.5.3 Ability to withdraw

C

@]

hting dimensions

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

8.6.3 Stent integrit

C

[e]

bting durability

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

8.6.3 Stent integrit

Coating particulate generation

Determine the size and amount of particles
generated from the coating when subjected to
simulated in vivo conditions.

8.6.3 Stent integrity

Component dimension
compatibility

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

8.5.1 Ability to access
8.5.2 Ability to deploy
8.5.3 Ability to withdraw

8.5.5 Haemostasis

Conformability to vessel wall

Evaluate the ability of the implant to maintain
adequate contact with the vessel wall.

8.6.2 Fixation effectiveness

Corrosion

Evaluate the susceptibility of the stent to corrosion
in a simulated physiological environment.

8.6.3 Stent integrity
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Table B.1 (continued)

Tests

Description of test and requirements

Relevant design evaluation
subclause(s)

Crush resistance with parallel
plates

Determine the load required to cause clinically
relevant buckling or a deflection equivalent to a
diameter reduction of at least 50 % and the load
required to permanently deform or fully collapse
the stent.

8.6.2 Fixation effectiveness

8.6.5 Patency

Crush resistance with radially
applied load

Determine the load/deformation characteristics of
the stent while a circumferentially uniform radial

(o0}

6.

Il
TOT

N

Fixation effectiveness

qo
an

load is applied.

Dot
atcTicy

Dimensiondl verification

Determine the appropriate dimensions for
conformance with design specifications.

8.5.1 Ability to access
8.5.2 Ability to deploy
8.5.3 Ability t6 withdraw
8.5.5 Haemostasis
8.6.4_Sizing

Dislodgmert force

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

8.5.1,~Ability to access
8.5.2 Ability to deploy
8.5.3 Ability to withdraw

Dogboning

Determine the diameter of balloon extending
beyond the ends of the stent, which aré greater
than the stent outer diameter at the maximum
recommended inflation pressure.

8.5.2 Ability to deploy

Drug contefpt/amount

Determine the amount of drug;en' the stent.

8.6.8 Drug elution

Drug identitly

Determine the type and purity of the drug and
characterize the type and)yamount of degradants at
manufacture and with storage.

8.6.8 Drug elution

Elution proffle

Determine the amount of drug that elutes over the
desired time periad.

8.6.8 Drug elution

Fatigue durgbility testing

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

8.6.3 Stent integrity

Flex/kink

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

Determine clinically relevant radius of curvature
that the implant can accommodate without kinking.

8.5.1 Ability to access
8.5.3 Ability to withdraw
8.6.5 Patency

Force to deploy,

Determine the force to deploy the stent from the
delivery system.

8.5.2 Ability to deploy

Local compression

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

8.6.Z Fixation effectiveness
8.6.5 Patency

MRI safety and compatibility

Evaluate MRI safety and compatibility.

8.6.6 MRI safety and
compatibility

Profile/diameter

Determine the maximum diameter along sections
of the stent system.

8.5.1 Ability to access

Profile effect/flaring

Determine the distance between the external
diameter of the stent and the external diameter of
the balloon while tracking through a tortuous path.

8.6.1 Ability to accurately
deploy
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Table B.1 (continued)

ISO 25539-2:2012(E)

Tests

Description of test and requirements

Relevant design evaluation

subclause(s)

Pushability Evaluate the ability of the stent system to be 8.5.1 Ability to access
pushed or positioned by an operator without
undesirable bending or buckling.

Radial force Determine the force exerted by a self-expanding 8.6.2 Fixation effectiveness
stent as a function of the stent diameter.

8.6.5 Patency

Recoil Determine the percent change of the stent outer 8.6.2 Fixation effectiveness
diameter from the maximum outer diameter 864 Sizi
obtained with balloon inflation to the final outer o 1zing
diameter after balloon removal. The sizing scheme
recommended for the stent in the IFU should take
into consideration this recoil.

Sinmulated use Evaluate the performance of the stent system 8.5:1 TAbility to accéss
using a model(s) that simulate(s) the intended use §5)2 Ability to deploy
conditions.

8.5.3 Ability to withdraw

8.6.1 Ability to acclrately

stept outer surface area

stent as a function of stent diameter and the
contact arealbetween the stent and the vessel.

deploy
8.6.2 Fixation effegtiveness
8.6.4 Sizing
8.6.5 Patency

Stent diameter to balloon Determine the relationship/between the stent 8.6.4 Sizing

inflation pressure diameter and the balloon inflation pressure for

balloon expandable stents.
Stent-free surface area and Determine the free-or open surface area of the 8.6.5 Patency

finife element analysis)

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

Stent length to diameter Determine the relationship between stent length 8.6.1 Ability to acclrately
relgtionship and expanded stent diameter. deploy

8.6.4 Sizing
Stregss/strain analyses (e.g. Determine the critical stresses and/or strains 8.6.3 Stentintegrit

Torguability

Evaluate the ability of the stent system to provide
sufficient rotation to the distal (leading) end to
deliver the stent within the anatomy.

8.5.1 Ability to accgss

Torsional bond strength

Determine the torque/rotation required to break
joints and/or materials in the appropriate delivery

8.5.1 Ability to accgss

8.5.2

Ability to deploy

" "
SYSICTIT CUTTTIPUTTTTIS.

8.5.3

Ability to withdraw

Trackability

Evaluate the ability of the stent system to advance
through the vessel to the target site using the
recommended accessories.

Evaluate the potential for displacement of the
guidewire from its intended position during the
advancement of the stent system, as appropriate
for the intended use of the stent.

8.5.1 Ability to access

Tubing tensile strength

Determine the strength of the tubing used in the
delivery system as appropriate to the material
(ISO 10555-1 or similar).

8.5.3 Ability to withdraw
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Table B.1 (continued)

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

Visibility Evaluate the ability to visualize the delivery 8.5.1 Ability to access
system and/or ste_nt systgm dL_Jrlng access using 8.5.2 Ability to deploy
fluoroscopy or using the imaging techniques
specified in the IFU. The use of other technologies | 8.5.3 Ability to withdraw
for visualizati hall be justified.
or visualization shafl be Justitie 8.6.1 Ability to accurately

deploy

Visual insp ction Evattrate-the Gbl:lty of-the-stenttoconformto 8-6-3—Stent ;lltcyl |ty
the manufacturer’s specifications with respect
to surface defects and contamination that would
render the stent unsuitable for its intended use.

44 © 1S0 2012 — All rights reserved


https://standardsiso.com/api/?name=f736ace4133c44754214602e8e5ddc7a

ISO 25539-2:2012(E)

Annex C
(informative)

Definitions of reportable clinical events

This annex contains examples of clinically reportable events and might not be all inclusive.

Table C.1 — Definitions of reportable clinical events

Event Definition
Acgess failure Failure to reach the intended site with the stent due to mechanical failure or patjent
anatomy.
Acgessory device failure | Inability to use an accessory device as intended due to mechanical failure or patient

anatomy. Whether or not the failure contributed to an unsuccessful stent deployment
should be documented.

Ad
res

erse biological
ponse (toxicity) to

Local, regional and/or systemic toxic reaction due td\stent coating or drug elutign. The type
of reaction should be documented.

stept coating or drug

elution (if applicable)

Angurysm For true aneurysms: dilatation of all or part.of the treated vessel to twice its podt-
procedural diameter; dilatation to less than twice the post-procedural diameter ghould also
be reported.

For false (pseudo) aneurysms:‘an outpouching of any size should be reported.
The aneurysm size and imaging modality should be specified in all cases.

Angiina Chest, neck, arm or othér‘pain related to decreased coronary blood flow.

Arrhythmia Development of a new atrial or ventricular arrhythmia or exacerbation of a priorlarrhythmia
requiring treatment\(i.e. medical therapy, cardioversion, pacemaker) within 30 days of the
procedure.

Atellectasis/pneumonia Atelectasis or pneumonia documented by chest X-ray within 30 days of the progedure and

requiring-treatment with antibiotics, inhalation therapy, intubation or suctioning.
treatment required should be reported.

The type of

Brgnch vessel occlusion |/Elinically significant, unplanned occlusion or obstruction of a major branch vesgel.

Cogagulopathy Development of a bleeding disorder documented by appropriate laboratory studies within
30 days of the procedure. The specific syndrome or factor deficiency(ies) should also be
noted.

Congestive heattfailure Development of an acute episode or exacerbation of existing low cardiac outpuf

accompanied by peripheral and/or pulmonary oedema.

Da

nage to.stent

Damage to the stent by any cause, such as by an accessory device or the deliery system.

De

bp vein thrombosis

Thrombus in a deep vein documented by duplex scanning, venography, or othelr imaging

technicue.
G -

(de

Deployment failure

livery system failure)

Inability to fully deploy the stent at the intended site and/or withdraw the delivery system
intact due to mechanical failure or patient anatomy. Whether or not successful stent
deployment was achieved should be documented.

Embolization Embolization of intraluminal debris or thrombus with clinical sequelae.

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

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

Hypotension

Low blood pressure.

Impotence, vasculogenic

Subjective report or documentation of failure to resume the degree of sexual function
registered preoperatively, within 6 months of the procedure.
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Table C.1 (continued)

Event

Definition

In-segment

restenosis

Significant reduction in luminal diameter at any point along the length of the stent in
addition to any reduction in luminal diameter within the non-stented adjacent sections

of the vessel, when compared to the post-procedural reference diameter. The degree of

narrowing and imaging modality should be specified.

deep

Insertion site infection,

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

Insertion site infection,

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

superﬁcia| mner\lc’ and nr\mlrring within 30 I"Q\JIQ of the. prnr\orlnrn

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

Ischemia Development of acute or chronic ischemia within 30 days of the procedurexFhé cause gf
the ischemia should be diagnosed and reported (i.e. embolism, thrombdsisor dissection).
Examples include, but are not limited to, extremity, mesenteric and renalischemia.

Late mortalfty Death occurring at 30 days or more following the procedure attributable to the stent.

Lymphocelg/lymphatic Cystic accumulation of lymph or groin wound drainage occurring-at an incision site (if uged

fistula for access).

Malapositioh of stent Appreciable portion of stent not in direct contact with the vessel wall. Note timing in
relation to procedure.

Myocardial jnfarction Myocardial infarction documented by the presencelof raised cardiac enzymes within 30
days of the procedure. Clinical symptoms, EKG.changes and/or haemodynamic instabilfty
associated with the event should also be reported.

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

Periprocedyral mortality | Death from any cause occurring within 30 days of the procedure.

Post-procecllure bleeding | Procedure related bleeding which occurs after the patient leaves the procedure room
resulting in the need foryblood transfusion. The volume of replaced blood, the source of
the bleeding and whether or not surgical intervention was required to stop the bleeding
should also be reported.

Procedural pleeding Any blood lpss-requiring intervention (i.e. blood transfusion, medical therapy). The
volume of bleod lost during the procedure should be determined from the procedure
report-~The need for blood transfusion and the volume and source (banked, autologous
autotransfused) of transfused blood should also be reported.

Pulmonary pmbolism Clinical evidence of pulmonary embolism confirmed by high probability VQ scan, CT scgn
or pulmonary angiography occurring within 30 days of the procedure.

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

hypertensign

Renal insufficiefcy Rise in creatinine greater than 25 % or 0,5 mg/dl above the pre-procedure level that dogs
not resolve. The need for and the duration of dialysis, if required, should also be reportgd.

Residual stenosis

> 30 % luminal narrowing compared to the normal vessel diameter immediately after

completing the stent procedure. The degree of narrowing and imaging modality should be

specified.

Respiratory

failure

Need for post-procedural mechanical ventilation or the need for re-intubation or ventilator
support any time up to 30 days post-operative (unless the patient was ventilator dependent

when he/she entered the study). The duration of ventilator support should be reported.

Restenosis

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

ce

Spinal neurological deficit

Neurological deficit related to spinal chord ischemia developing within 30 days of the
procedure.

Stent fractu

re

Fracture or breakage of any portion of the stent.
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Table C.1 (continued)

Event Definition
Stent infection Development of a confirmed stent infection occurring at any time following stent
placement. The aetiology (i.e. device sterility, endocarditis, etc.) should be reported if
known.
Stent migration Longitudinal movement of all or part of a stent resulting in clinical symptoms.
Stent thrombosis Haemodynamically significant thrombus formation within the lumen of the stent occurring
at any time following stent placement. The degree of narrowing, the timing of the

thrombosis in relation to the procedure, and imaging modality should be specified.

Trapma 1o adjacent TNjury 10 adjacent structures associated With vascular irauma (see definitiion pejow).

stryctures

Vagcular trauma Injuries to vessels as a result of an endovascular procedure, including dissectigns or
perforations, false or true aneurysms. The specific site (access site,reatment site,
proximal or distal vessel, etc.) and source of the injury as well as the’clinical sefjuelae
should be reported.

Vegsel occlusion, Occlusion of flow within the target or other vessel which wasvpréviously documgnted to

intraprocedural be patent with antegrade flow. Might be due to twisting or kinking of the stent, failure of
the stent to fully open, dissection or any other cause. The/imaging modality shquld be
specified.

Vegsel occlusion, late Occlusion of flow within the target or other vessel which was previously documeénted to
be patent with antegrade flow occurring greatef than 30 days following the prodedure.
Might be due to twisting or kinking of the stent, intimal hyperplasia, dissection dr any other
cause. Time of occlusion and imaging modality should be specified.

Vegsel occlusion, Occlusion of flow within the target of«other vessel which was previously documeénted to

petriprocedural be patent with antegrade flow within;30 days of the procedure. Might be due to fwisting
or kinking of the stent, dissection; or any other cause. Time of occlusion and imaging

modality should be specified:
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Annex D
(informative)

Test methods

D.1 General

The information included in this annex is intended to provide guidance for preclinical in vitro testing perforined

in order to yerify the design of the stent system and provide guidance for reporting. It is recognized-that
all of the tepts described in this annex are applicable for each stent system design. It is also retognized
testing intepded to ensure that the device meets specifications during manufacture might not®¢ conducte
accordancq with the details outlined in this annex.

To ensure consistency in the testing of devices, use of the methods in this annex is recommended. If alterna
methods arg employed, these methods should be justified. Use of in vivo models may.be substituted for in
methods where reasonable equivalency can be established and clinical relevance.is’'demonstrated.

not
that
din

tive
itro

In some cajes in this annex, one or more of the methods for the tests idéntified in the body of this paft of

ISO 25539 [were combined into a single method. It was recognized durifdg the drafting of these test meth
that they shpuld be combined to reflect the manner in which this testing.is‘often conducted. It is also recogn

ods
zed

that additiopal methods might be combined when testing is condugcted for a specific device. For those tests

performed $imultaneously, the report should provide the individuabtest results for each of the tests listed in
body of thig part of ISO 25539.

Some requifements in the body of this part of ISO 25539 do not have associated test method guidance in
annex, as

(e.g- MRI compatibility, pharmacokinetics for drug-elating stents).

the

this

ither the methodologies have not been standardized or are better addressed by other standards

The use of [shall” indicates requirements strictly.io’be followed in order to conform to the recommended t¢st.

D.2 Sampling

A sampling plan should be utilized .which will ensure that adequate representation of the data has b

een

obtained fo[ each parameter mgasured. The design characteristics of the test article should be verified tp be

representatjve of the devicesdo,be released for distribution, including all sizes, configurations and compone

The samplipng should fully/represent the range of device designs and might not necessarily require the tes
of each siz¢. The stent'sizes selected for testing should represent the worst case combination(s) of diam
and length for each-test. A rationale should be provided for sample selection. It might be necessary to con
an analysis|to identify the size(s) of the device with the greatest potential for failure.

Sampling sha

nts.

ting
eter
Huct

For those tests with specified confidence and reliability parameters, the sample size should have a statistical

basis. For all tests, the number of samples shall be justified.

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

D.3 Conditioning of test samples

Allsamples should be subjected to sterilization, including multiple sterilizations, if appropriate, unless justification

is provided for use of non-sterilized products.

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

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

D.4 Reporting
For the purposes of this annex, reporting relates to requests from a national regulatory authority.

The test report for the preclinical in vitro testing should include an executive summary of all testing. This

sunprary-should—inrclude—identification—of-tests—with-the—rationale—ferthe-omission—efany—testsdentified in

Anrlex B or the selection of alternative tests. The information provided in each test report should bé based upon

a prpspectively defined test protocol.

A simmary of results, with acceptance criteria and any potential clinical significance of,the resplts, should

be included and can be in tabular form. Consideration shall be given to the anatemical, physiglogical and

morphological conditions of the intended use in establishing the acceptance criteriayJustification|and clinical

applicability of acceptance criteria for each test shall be provided. A table of cofitents should be pfovided and

pages should be numbered sequentially.

IndiVidual test reports should include the following information:

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

b) |materials: list all materials (e.g. test articles with lot/serial humbers or other appropriat¢ means of
traceability, equipment) used in performing the test, using figures and diagrams as appropriatg;

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

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

e) |test method: describe in detail the method used to perform the test, including any prospectiyely defined
inspection procedures, and provide.ajustification for critical test parameters;

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

g) |expression of results: describe testing results expressed in units as indicated in the test method;

h) |conclusion: state conclusions, based on comparing results to acceptance criteria, including any potential
clinical significance of these results.

D.§ Test methods

NOTE As*used within the context of D.5, “shall” indicates requirements strictly to be followed in order fo conform to

the fecommended test method.

D.5.T  Stent system

D.5.1.1 Dimensional verification and component dimension compatibility

D.5.1.1.1 Purpose

The purpose of this test is to determine the stent system dimensions, including, but not limited to, the outer
diameter, guidewire lumen diameter and useable length, for verification to design specifications, and to evaluate
the dimensional compatibility between the stent system and the recommended accessory devices listed in the
product IFU. The relevant design evaluation sections of this part of ISO 25539 include 8.5.1, 8.5.2, 8.5.3 and 8.5.5.

© 1S0O 2012 — All rights reserved 49


https://standardsiso.com/api/?name=f736ace4133c44754214602e8e5ddc7a

ISO 25539-2:2012(E)

D.5.1.1.2 Materials

D.5.1.1.21

D.5.1.1.2.2

Stent system.

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

D.5.1.1.2.3 Measuring equipment for diameters (e.g. micrometer, optical profile projector, laser-
micrometer, appropriate profile hole gauges), capable of measuring to 10 % of the specified tolerance or 1 %
of the measured value. If a tolerance is specified, the lesser value of the respective percentage shall be used.

D.5.1.1.2.4
of the meas

D.5.1.1.2.5
measuring {
value of the

D.5.1.1.3
Sampling s
D.5.1.1.4

Conditionin

D.5.1.1.5
Develop a t

insert 4
guidew

a)

b) measu

the appropriately sized profile hole-gGauge; it is only necessary to measure the region of the stent sys

Measuring equipment for length, capable of measuring to 10 % of the specified tolerance‘ar
ured value. If a tolerance is specified, the lesser value of the respective percentage shall(be us]

Wire mandrels/pin gauges/guidewires (for the delivery system inner lumen), capabl
0 10 % of the specified tolerance or 1 % of the measured value. If a tolerance is specified, the le
respective percentage shall be used.

Sampling

hall be in accordance with Clause D.2.

Conditioning

h shall be in accordance with Clause D.3.

Test method
st method based on the following:

n appropriate guidewire or mandrel intg_the stent system lumen to verify the lumen dimension
ire compatibility;

‘e the maximum outer diameter ‘of the stent system or verify that the outer diameter fits thrg

d to be passed through the-specified introducer sheath and consideration should be given to
bl for asymmetry;

e the length of the\stent system; it is only necessary to measure the region of the stent sys
d to be passed/through the introducer sheath;

e all other appropriate dimensions;

ompatibility with recommended accessory components.

1%
ed.

U

=

Y2 ¢

Se

=

and

ugh
tem
the

tem

intende
potenti
C) measu
intendg
d) measu
e) verify @
D.5.1.1.6

Expression of results

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

D.5.1.1.7 Test report

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

NOTE

50

Additional guidance can be found in ASTM F2081[22],
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D.5.1.2 Profile/diameter test

D.5.1.2.1 Purpose

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

D.5.1.2.2 Materials

D.5]1.2.2.1 Stent system.

D.5/1.2.2.2 Measuring equipment for diameters (e.g. micrometer, optical profile |proje¢tor, laser-
micyometer), capable of measuring to 10 % of the specified tolerance or 1 % of the ‘measured value. If a
tolefance is specified, the lesser value of the respective percentage shall be used.

D.5]1.2.2.3 Recommended guidewire or equivalent, as appropriate.

D.5/1.2.3 Sampling

Sampling shall be in accordance with Clause D.2.

D.5/1.2.4 Conditioning

Corlditioning shall be in accordance with Clause D.3.

D.5{1.2.5 Test method
Devielop a test method based on the following:

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

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

D.5]1.2.6 Expression of results

Diafneters meastired shall be expressed in millimetres.

D.5{1.2.7_<Test report

The| t€st ‘report shall be in accordance with Clause D.4 and shall include the maximum, minifnum, mean
and mmﬂmmmﬂm—mmmmmﬁwm—orthe region

containing the stent for each size tested.

NOTE Additional guidance can be found in ASTM F2081[22],
D.5.1.3 Simulated use

D.5.1.3.1 Purpose

The purpose of this test is to evaluate the performance of the stent system using a model(s) that simulate(s)
the intended use conditions. This test addresses the requirements for qualitative evaluation of simulated use,
flex/kink, pushability, torquability and trackability of the stent system. Conformability of the deployed stent to the
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vessel wall is also to be evaluated. The relevant design evaluation sections of this part of ISO 25539 include

8.5.1,8.5.2,8.5.3, 8.6.1,8.6.2, 8.6.4 and 8.6.5.

D.5.1.3.2 Materials

D.5.1.3.2.1 Stent system.

D.5.1.3.2.2 Accessory devices, necessary to accomplish deployment in accordance with the IFU.

D.5.1.3.2.3 ~Anatemical-medel—h and S —Fhe gtion

and tortuosjty of the intended stent location and delivery pathway should be considered in the design of the

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

D.5.1.3.2.4| Fluid fixture, capable of delivering water or appropriate fluid, at physiological temperature

(37 + 2) °C |pulsatile pressures, and antegrade or retrograde flow, as appropriate.

D.5.1.3.3 [Sampling

Sampling shall be in accordance with Clause D.2.

D.5.1.3.4 [Conditioning

Conditioning shall be in accordance with Clause D.3.

D.5.1.3.5 [fest method

Develop a test method based on the following:

a) connegt the anatomical model to the fluid fixture @nd allow the test system to stabilize (e.g. temperafure,
pressufe);

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

c) following the IFU, insert, deliver andwdeploy the stent in the model and withdraw the delivery system;

d) evaluafe the ease of advancing.the delivery system into the model (pushability), the ability to tranpmit
torque [from the proximal end to0 the distal end of the catheter (torquability) if applicable, and the abilify of
the del|very system to track®over a guidewire during insertion around bends in the model (trackability);

e) note afy anomalies,such as kinking or buckling of the system, the inability to fully and accurately deploy
the stept, stent disledgment while withdrawing the delivery system and any other appropriate observatipns;

f)  visually inspeet-the deployed stent in the anatomical model, note the conformance to the model vefsel
wall, the placement accuracy, kinks, undesirable bends, twisting, excessive unintended stent expangion
non-uniformity, component separation, any damage and any other critical observations;

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

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

D.5.1.3.6 Expression of results

For each test, all critical observations and aspects of the ability to access, deploy and withdraw the stent
system should be documented.

D.5.1.3.7 Test report

The test report shall be in accordance with Clause D.4 and shall include all critical observations and aspects
of the ability to access, deploy and withdraw the stent system. Critical observations regarding multiple or
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overlapping stents shall be reported, where appropriate. The test fluid shall be identified. The results for flex/kink,
pushability, torquability (if applicable) and trackability of the stent system should be individually documented as
well as the conformity of the stent(s) to the vessel wall. The report shall include a description of the anatomical
model used, including the geometry and material of construction.

D.5.1.4 Visibility

D.5.1.4.1 Purpose

The purpose of this test is to evaluate the ability to visualize the stent system and/or stent using the imaging

technigues specifiredimthe tFO-TheTetevantdesigmevatuationmrsections of thispartof t1SG25539nclude 8.5 1,
8.5, 8.5.3and 8.6.1.

D.5/1.4.2 Materials
D.5]1.4.2.1 Stent system.

D.5]1.4.2.2 Phantom tissue model, or equivalent, with appropriate accessories, such as |radiopaque
markers and a ruler.

D.5{1.4.2.3 Imaging system, capable of operating at clinically relevant power levels.

NOTE 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.tothis variability.

D.5]1.4.2.4 Accessory devices, necessary to accomplish deployment in accordance with the IFU.

D.5/1.4.3 Sampling

Sampling shall be in accordance with Clause D.2.

D.5/1.4.4 Conditioning

Conditioning shall be in accordance with Clause D.3.

D.5{1.4.5 Test method

Devielop a test methaod’based on the following:

a) |position the-stent system and the phantom tissue model to simulate clinical conditions;
b) |use the-infaging system to visualize the stent system and any radiopaque markers;

c) |qualitatively examine the images for ease of visibility, e.g. the degree of visibility can be alssessed by

lacatina tha axact ande aricantatinn Af aritical nainte and/inr nartc Af tha otaont ovctam: alior \atlvel the
logating-the-exast-ends—orientation-ofcritical-points—andiorparts—ofthe-stent-systorm:—atterh Y,

degree of visibility can be compared to a specified control device;

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

D.5.1.4.6 Expression of results

This is a qualitative assessment. Record the degree of visibility for all applicable components at the various
stages of the testing and any comparison to a specified control.
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D.5.1.4.7 Test report

The test report shall be in accordance with Clause D.4 and shall include the assessment of visibility and visual
results (e.g. representative fluoroscopic images). The test report shall also include the make and model of the

imaging equ
D.5.1.5 Fo

D.5.1.5.1

includes 8.

D.5.1.5.2
D.5.1.5.2.1
D.5.1.5.2.2

D.5.1.5.2.3
tortuosity of]

D.5.1.5.2.4
of measurin

D.5.1.5.2.5
D.5.1.5.2.6

D.5.1.5.3

Sampling s
force condi
diameter ar

Ti

D.5.1.5.4

Conditionin

D.5.1.5.5

Develop a {

$.2.

the intended stent location and delivery pathway should be considered in the design of the mods

g force to an accuracy of + 5 % of the reported value-

Sampling

d length should be taken into consideration in the selection of devices for testing.

Conditioning

h shall be in-accordance with Clause D.3.

Test method

eSt’method based on the following:

ipment, the parameter settings and details of the phantom tissue model.

rce to deploy

Purpose

aterials
Stent system.
Accessory devices, necessary to accomplish deployment in accordarice with the IFU.

Anatomical model, that includes a delivery pathway and a depldoyment location. The angulation

Force measuring mechanism, (e.g. force gauge, universal mechanical testing system), cap

Gripping fixture.

Temperature controlled environment (37 + 2) °C.

all be in accordance with Clause D.2. Devices to be tested should represent worst-case deployn
ons (e.g. greatest bulk within'the sheath or cover, highest compression ratio). The effect of de

and

hble

hent
Vice

a) prepare

b)
c)

allow th

force to

the stent system in accordance with the IFU;

insert the stent system into the anatomical model;
secure the hub or proximal end of the stent system such that it remains stationary during testing;

attach the deployment mechanism to the load measuring equipment;

e device to stabilize at physiological temperatures;

deploy (e.g. uncover) the self-expanding stent;

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

initiate and complete the deployment per the IFU at a rate that simulates clinical use while measuring the
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1.5.6 Expression of results

The maximum force of each step required to deploy (e.g. uncover) the stent is recorded in newtons. Also record

any

D.5.

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

1.5.7 Test report

The test report shall be in accordance with Clause D.4 and shall include the maximum, minimum, mean and
standard deviation of the deployment forces and any anomalous observations.

D.5

D.5

The
inflg
info
des

NOT

D.5

D.5

D.5

D.5

D.5

D.5
acc

D.5
com

D.5

D.5

1.6.1 Purpose

purpose of this test is to determine the time required to inflate the balloon to the maximum req

'mation that might be clinically useful for treatment planning (e.g. potential geclusion time). T
gn evaluation section of this part of ISO 25539 includes 8.5.2.

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

1.6.2.1 Stent system.

1.6.2.2 Recommended guidewire or equivalent:

1.6.2.3 Temperature controlled water bath(37 + 2) °C.

1.6.2.4 Contrast medium, in accordance with the IFU.

1.6.2.5 Inflation device, syringe‘or equivalent, fitted with a means of measuring pressure or
iracy of + 5 % of the reported. value, and of maintaining the inflation pressure or volume.

1.6.2.6 Rigid tube, of a diameter that represents the largest recommended stent or vessel diar
pliant balloon under test. No tube is necessary for semi- and non-compliant balloon testing.

1.6.2.7 Timeriwith an accuracy of + 0,2 s.

1.6.3 Sampling

Sarrpling shall be in accordance with Clause D.2.

D.5.

1.6.4 Conditioning

Conditioning shall be in accordance with Clause D.3.

D.5.

1.6.5 Test method

Develop a test method based on the following:

a)
b)

c)

prepare the stent system;
insert the appropriate guidewire in the device;

submerge the device in the water bath and insert into the rigid tube, if appropriate;
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d) allow to equilibrate to test temperature;

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

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

g) deflate the balloon in accordance with the IFU and time the balloon deflation period.

D.5.1.6.6 Expression of results

The inflation and deflation times should be expressed in seconds.

D.5.1.6.7

The test rep
deviation o
shall also b

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

D.5.1.7.1

The purpos|
The relevar

NOTE 1

D.5.1.7.2 Materials

D.5.1.7.21

D.5.1.7.2.2

D.5.1.7.2.3

D.5.1.7.2.4

D.5.1.7.2.5
of +5 % of

D.5.1.7.2.6

Test report

e reported. The fluid used for inflation and the inflation pressure and rate shall be reported.
anomalies ¢bserved shall be reported.

Purpose

b of this test is to determine the rated burst pressure (RBP) ofithe balloon when used with the s
t design evaluation section of this part of ISO 25539 includes 8.5.2.

[his test might also be of importance in evaluating the abijlity’to withdraw.

he reported.value, and capable of maintaining the inflation pressure.

D.5.1.7.3

Samplmg

ort shall be in accordance with Clause D.4 and include the maximum, minimum, mean-énd stanglard

the balloon inflation and deflation times. The definition of the inflation and deflation end pqints

Stent system.

Temperature-controlled water bath (37 + 2) °C.
Fluid for inflation, e.g. roonrtemperature water.
Leak detection mechanism, e.g. dye in the test fluid, pressure drop monitor, flow rate monitd

Inflation device) syringe or equivalent, fitted with a means of measuring pressure to an accu

Timer;Wwith an accuracy of + 1 s.

Any

ent.

-

racy

Sampling shall be in accordance with Clause D.2.

D.5.1.7.4 Conditioning

Conditioning shall be in accordance with Clause D.3.

D.5.1.7.5 Test method

Develop a test method based on the following:

a) prepare the stent system;
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e)
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submerge the device in the water bath;
allow to equilibrate to test temperature;

inflate the balloon with the mounted stent or within an appropriate stent for balloon-assisted
to a value less than the estimated RBP; hold the inflation pressure constant for a minimum
inspect the balloon for leakage or burst;

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

reneat sten o) until the balloon leaks or bursts: anv nersistent leak or decrease in pressure \
g o= T PAN ™ Y

deployment
of 10 s and

appropriate

/hether due

g)
h)

The
Usi

whsg

For

D.5

The
mea

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

to failure of the balloon, shaft, or proximal or distal seals, should be considered a failure (“bltg
test; record the burst pressure and describe the location and failure mode (e.g. seal leaks;ball
fragmentation);

repeat this test with a sufficient number of samples;

ting”) in this
bon rupture,

calculate the RBP; for balloon expandable stents, the RBP is based upon the results of this testing that shows

statistically with at least a 95 % confidence that 99,9 % of the balloons will pet burst at or below th

RBP can be calculated in the following manner.

RBP = X — K(SD)

re

is pressure.

K is the factor of a one-sided tolerance limit farsa normal distribution (K is found in statistical tables and

is dependent on P, C and N);

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

C=0,95 (95 % confidence);

N is the number of balloons tested;

X is the mean balloon burst pressure;

SD is the standard deviation of balloon burst pressure.

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

1.7.6 Expression of results

individual burst pressures and the RBP should be expressed in atmospheres or kilopascals. G
n-and'standard deviation of the burst pressure. Appropriate confidence and reliability params

alculate the
ters should

be

sed for dnfprmining RBP

D.5.

1.7.7 Test report

The test report shall be in accordance with Clause D.4 and shall include the mean burst pressure (MBP), the
calculated RBP, the maximum, minimum and standard deviation of the burst data and any observed failure modes.
If lesser reliability parameters are specified, justification shall be provided for the selection of these parameters.

NOTE Additional guidance can be found in ISO 10555-4[5],
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D.5.1.8 Balloon rated fatigue (balloon expandable or balloon-assisted stents)

D.5.1.8.1

Purpose

The purpose of this test is to evaluate the ability of the balloon to withstand repeated inflation cycles. The
relevant design evaluation section of this part of ISO 25539 includes 8.5.2.

NOTE

D.5.1.8.2

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

Materials

D.5.1.8.2.1
D.5.1.8.2.2
D.5.1.8.2.3
D.5.1.8.2.4

D.5.1.8.2.5
of +5 % of

D.5.1.8.2.6
recommeng
during the i

D.5.1.8.2.7

D.5.1.8.3

Sampling s

D.5.1.8.4

Conditionin

D.5.1.8.5
Develop a t
a) preparg

b) subme

Stent system.

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 drop monitor, flow rate monitg

Inflation device, syringe or equivalent, fitted with a means of measuring pressure to an accu
he reported value, and capable of maintaining the inflation presstre or volume.

Compliant tube (with a clinically relevant compliance), of*a diameter that represents the lar
ed vessel diameter for the stent system under test in orderto keep the stent from moving excessi
pflation cycles.

Timer, with an accuracy of + 1 s.

Sampling

hall be in accordance with Clause D.2.

Conditioning

b shall be in accordanee, with Clause D.3.

Test method
st method pased on the following:
e the stent'system;

rge.the device in the water bath and insert the compliant tube;

o

racy

pest
vely

foram

NOTE

deflate

repeat

58

allow to equilibrate to test temperature;

inimum of 30 s or for the length of time stated in the IFU;

inflate the balloon, using clinically relevant rates, to the RBP or maximum diameter as indicated in the IFU,

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

the balloon using clinically relevant rates;

steps d) and €), with the balloon inside the stent, for a minimum of 10 cycles;
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g) ifany persistent leak or decrease of pressure or volume occurs during testing, record the number of cycles
and the mode of failure; any such leak or decrease in pressure due to failure of the balloon, shaft, or
proximal or distal seals should be considered a failure in this test.

D.5.1.8.6 Expression of results

The maximum inflation diameter or pressure used shall be expressed with diameter in millimetres, pressure in
kilopascals or atmospheres.

D.5.1.8.7 Test report

Thel test report shall be in accordance with Clause D.4 and shall include the number of cycles| guccessfully
conjpleted, the maximum number of cycles expected clinically, any observed failure modes and‘the maximum
inflgtion diameter or pressure.

NOTE Additional guidance can be found in ISO 10555-4I51,
D.5|2 Delivery system
D.5]2.1 Bond strength

D.5)2.1.1 Purpose

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

D.5]2.1.2 Materials
D.5/2.1.2.1 Delivery system, or appropriate component joints and/or fixed connections.

D.5J2.1.2.2 Universal mechanical testing system, equipped with a suitable load cell capable of measuring
forc to an accuracy of + 5 % of the reported value, a constant rate of traverse and appropriate gripging fixtures.

D.5)2.1.2.3 Temperature controlled environment (37 + 2) °C, as appropriate.

D.5)2.1.3 Sampling

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

D.5{2.1.4 Conditioning

Corlditioning shall be in accordance with Clause D.3.

D.5/2.4:5 Testmethod

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

Develop a test method based on the following:

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

b) record the force at which failure occurs and describe the type and location of the failure.
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D.5.2.1.6 Expression of results

Bond strength shall be expressed in newtons.

D.5.2.1.7 Test report

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

NOTE

Additional guidance can be found in ISO 10555-1121,

D.5.2.2 Togrsional bond strength

D.5.2.2.1

The purpo

the delivery system. The relevant design evaluation sections of this part of ISO 25539 includé 8.5.1 and 8

D.5.2.2.2
D.5.2.2.21
D.5.2.2.2.2

D.5.2.2.2.3
+ 5 % of the

D.5.2.2.2.4

D.5.2.2.3

Sampling s

D.5.2.2.4

Conditionin

D.5.2.2.5
For bonds {
Develop a t

a) insertt

urpose

of this test is to determine the torsional bond strength of the joints and/or fixed“¢connectior

aterials
Delivery system, or appropriate component joints and/or fixed cofinections.
Recommended guidewire, or equivalent, if appropriate.

Torque testing system, equipped with a suitable gauge capable of measuring to an accurag
reported value.

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

Sampling

hall be in accordance with Clause D.2.

Conditioning

b shall be in accordance)with Clause D.3.

Test method
hat will be subjected to physiological temperatures, testing should be performed at (37 + 2) °C
bst method based on the following:

he-delivery system or component over the guidewire, if appropriate;

b)

affix one end of the test sample in a clamping apparatus;

attach the other end of the test sample to the torque gauge;

end of the sample until the joint and/or delivery system breaks or loses functional integrity;

e) record

D.5.2.2.6

the torque value at which failure occurs and the failure mode and location.

Expression of results

Torsional bond strength shall be expressed in newton metres.

60

s of
5.3.

y of

apply a torque (twisting force), at a rate characteristic of that used in a typical clinical deployment, to one
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D.5.2.2.7 Test report

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

D.5.3 Stent
D.5.3.1 Stent diameter to balloon inflation pressure

D.5.3.1.1 Purpose

The| purpose of this test is to determine the relationship between the stent diameter and the pallgon inflation
pregsure for balloon expandable stents. The relevant design evaluation section of this part of [ISO 25539
incliides 8.6.4.

D.5)3.1.2 Materials

D.5]3.1.2.1 Stent system.

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

D.5{3.1.2.2 Inflation device, syringe or equivalent, fitted with @means of measuring pressure to fin accuracy
of £|5 % of the reported value, and capable of maintaining the.inflation pressure.

D.5)3.1.2.3 Fluid for inflation, e.g. room temperatureater.

D.5]3.1.2.4 Measuring equipment for diameters (e.g. micrometer, optical profile proje¢tor, laser-
micrometer) capable of measuring to 10 % ©f the specified tolerance or 1 % of the measured value. If a
tolefance is specified, the lesser value of the réspective percentages shall be used.

D.5)3.1.2.5 Temperature controlled ‘environment (37 + 2) °C, as appropriate.

D.5{3.1.3 Sampling

Sampling shall be in accotdance with Clause D.2.

D.5]3.1.4 Conditioning

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

D.5)3.1.5\/Test method

DeVelaob-atestmethod-based-onthe-following:
EeVierepa+1eStHetos A—Re+oHEWIRG-

a) inflate the balloon incrementally, allowing the system to stabilize between intervals; pressures should be
chosen to determine the stent diameter at appropriate intervals (e.g. 1 atm or 1 bar) over the indicated
range of diameters;

b) determine the average diameter of the stent at each pressure interval at appropriate locations along the
length of the stent; these measurements should be taken immediately after stabilization;

c) inflation should not be terminated until the balloon reaches the RBP.

The entire test should be completed rapidly to minimize the effects of viscoelastic behaviour and to better
simulate the inflation method used clinically.
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D.5.3.1.6 Expression of results

The stent diameters should be expressed in millimetres and the associated pressures in kilopascals
and/or atmospheres.

D.5.3.1.7 Test report

The test report shall be in accordance with Clause D.4 and shall include the maximum, minimum, mean and
standard deviation of the stent diameter (inner or outer) measurements and associated pressures. These data
can be reported in tabular or graphical format.

D.5.3.2 Dimensional verification and stent length to diameter relationship

D.5.3.2.1

The purpos
of a self-ex
part of ISO

Other meag

D.5.3.2.2 Materials
D.5.3.2.2.1| Stent system.
NOTE This test is not designed to evaluate the entire system; however, the system is required to deploy the stent

is under test

D.5.3.2.2.2
micromete
If a tolerand

D.5.3.2.2.3
load thickng
of the repor

D.5.3.2.2.4
of the meas

D.5.3.2.2.5

diameters ipdicated.ifi the IFU for each stent size under test.

D.5.3.2.2.6

Purpose

b of this test is to determine the length to diameter relationship of the stent, the un€onstrained le
panding stent and the wall thickness(es) of the stent. The relevant design evaluation section of
25539 includes 8.6.1 and 8.6.4.

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

Measuring equipment for diameters (e.g.” micrometer, optical profile projector, la
I, callipers) capable of measuring to 10 %©f the specified tolerance or 1 % of the measured va
e is specified, the lesser value of the regpective percentages shall be used.

Measuring equipment for wall thickness(es) (e.g. microscope with calibrated eyepiece, cong
ss gauge, optical profile projecter, laser-micrometer) capable of measuring to an accuracy of +
fed value.

Measuring equipment, for lengths capable of measuring to 10 % of the specified tolerance or
ured value. If a tolerance is specified, the lesser value of the respective percentage shall be us

Clear rigid,tube, with inner diameters corresponding to the minimum and maximum ve

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

ngth
this

that

ser-

lue.

tant
5 %

1%

Ssel

D.5.3.2.2.7 Temperature controlled environment (37 + 2) °C for stents with dimensions that are sensitive to

changes be

D.5.3.2.3

tween ambient and physiological temperatures.

Sampling

Sampling shall be in accordance with Clause D.2.

D.5.3.2.4

Conditioning

Conditioning shall be in accordance with Clause D.3.
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D.5.3.2.5 Test method

Develop a test method based on the following:

NOTE 1 For a balloon expandable stent with significant recoil, there might be difficulty in obtaining appropriate
apposition of the stent to the wall of the tube. Alternative methodology might need to be developed to appropriately
evaluate this attribute for such devices.

a) measure the mounted length of the stent;

b) deploy the stent in accordance with the IFU into the rigid tube that represents the minimum diameter for
each stent configuration following the [FU:

c) |measure the stent length within the tube;
NOTE 2 It might be appropriate to measure the length of a balloon expandable stent withttie ‘balloon inflated.

d) [repeat steps b) and c) using the rigid tube that represents the maximumdiameter for|each stent
configuration; for self expanding stents, also deploy the stent without diameter constraint apnd measure
the outer diameter(s) and length; outer diameter(s) shall be measured at both'ends of the stenjt and in the
middle of the stent in two perpendicular directions, after deployment in.acéordance with the I1fU;

NOTE 3  For non-circular cross-sections it might be appropriate to_measure and report the mpximum and
minimum values.

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

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

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

The|stent length to diameter relationship mightxbe affected by angulation. Additional testing or analysgs should be
congidered to evaluate the effect of angulation‘@n.this parameter, as appropriate.

D.5{3.2.6 Expression of results

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

D.5{3.2.7 Test report

Theltest report shall'be in accordance with Clause D.4 and include the maximum, minimum, mean ahd standard
devlation of all measured and calculated values. The length to diameter relationship should be r¢ported in a
tabylar format, including both absolute values and percentages.

NOTE Additional guidance can be found in ASTM F2081[22],

D.5.3.3 Recoil

D.5.3.3.1 Purpose

The purpose of this test is to determine the amount of elastic recoil after the deployment of a balloon-expandable
stent in the absence of external loading to determine the diameter of the stent in its deployed state. The relevant
design evaluation section of this part of ISO 25539 includes 8.6.2 and 8.6.4.

D.5.3.3.2 Materials

D.5.3.3.2.1 Stent system.
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NOTE This test is not designed to evaluate the entire system; however, the system is required to deploy the stent that
is under test.

D.5.3.3.2.2 Accessory devices, necessary to allow for appropriate expansion of the stent.

D.5.3.3.2.3 Inflation device, syringe or equivalent, fitted with a means of measuring pressure to an accuracy
of + 5 % of the reported value, and capable of maintaining the inflation pressure.

D.5.3.3.2.4 Fluid for inflation, e.g. room temperature water.

D.5.3.3.2.5| Measuring equipment for diameters (e.g. micrometer, optical profile projector, IaEer-
micrometef) capable of measuring to 10 % of the specified tolerance or 1 % of the measured value.|If a
tolerance is|specified, the lesser value of the respective percentages shall be used.

D.5.3.3.2.6 | Temperature controlled environment (37 + 2) °C for stents with material properties that| are
sensitive to|changes between ambient and physiological temperatures.

D.5.3.3.2.7| Timer, with an accuracy of + 1 s.

D.5.3.3.3 [Sampling

Sampling shall be in accordance with Clause D.2.

D.5.3.3.4 [Conditioning

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

D.5.3.3.5 [Test method

Develop a tpst method based on the following:

a) inflate 'l‘he balloon to expand the stent using' the recommended inflation pressure and hold the pressufe to
allow the balloon and stent to stabilize\(approximately 30 s);

b) determine the average outer diameter of the stent at appropriate locations along the length; quter
diameter(s) shall be measured-at both ends of the stent and in the middle of the stent in two perpendiqular
directigns after deployment_ itraccordance with the IFU;

c) deflate|land remove the halloon catheter;
d) allow the stent to-stabilize (approximately 30 s);

e) repeatpstep ¢),at the same locations;

f) calculate-the average percent recoil at each longitudinal location and/or for the entire length of the sfent,
as appropriate, using the following equation:

outerdiameter (inflated) — outer diameter (
outer diameter (inflated)

% stent recoil= fmal)x 100

D.5.3.3.6 Expression of results

The stent recoil shall be expressed in percent.
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The test report shall be in accordance with Clause D.4 and shall include the maximum, minimum, mean and
standard deviation of the recoil percentages at each longitudinal location and/or for the entire length of the
stent, as appropriate.

NOTE

D.5.

D.5,
The
unif
8.6.

NOT
geo

NOT
com

D.5

D.5

NOT
is un

D.5
forc
fixtu

D.5

Additional guidance can be found in ASTM F2079[21],

3.4 Crush resistance with radially applied load

34-1—Purpose

purpose of the testis to determine the load/deformation characteristics of the stentwhile a-<cireu
brm radial load is applied. The relevant design evaluation section of this part of ISO.255
P and 8.6.5.

E1 For permanently deformed stents (e.g. a balloon-expandable stainless steel stent) recovery g
netry is not expected to occur.

E 2  Although similar, crush resistance with a radially applied load, crush-resistance using parallel
pression and radial force tests measure different attributes of the stent, as follows:
resist permanent deformation when subjected to a circumferentially uniform radial load;

the crush resistance test using parallel plates measures the.ability of a stent to resist permanent
along the entire length of the device when subjected to a'load uniformly applied over the length o

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

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

3.4.2 Materials

3.4.2.1 Stent system.

E This test is not désigned to evaluate the entire system; however, the system is required to deploy
der test.

3.4.2.2 Universal mechanical testing system, equipped with a suitable load cell capable o
b to an accuracy of + 5 % of the reported value and a constant rate of traverse, and appropri
res and-Ciccumferential tension devices (e.g. loop, snare).

34.2.3 Mechanical radial force testing system (e.g. iris tester) equipped with a suitable load

Mferentially
B9 includes

the original

plates, local

the crush resistance test with a radially applied load measures the ability of a balloon-expandable stent to

Heformation
f the device;

ralocalized

e deployed

he stent that

[ measuring
hte gripping

cell capable

Of measurRe

foreca or nracoiira to o ooy Af LB O/ ALt pamartad ol an A o Aot ant pata 1

traverse.

T A
COSUTT Ty TUTCC U ProoouTo ool aotuUTravy Ul = O 70 U o ToporecUvargcar i o COTTotar it Tatc— ot

D.5.3.4.2.4 Temperature controlled environment (37 + 2) °C for stents with material properties that are
sensitive to changes between ambient and physiological temperatures.

D.5.

3.4.3 Sampling

Sampling shall be in accordance with Clause D.2.

D.5.

3.4.4 Conditioning

Conditioning shall be in accordance with Clause D.3 and shall include loading, preconditioning and deployment.
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D.5.3.4.5 Test method

Develop a test method based on the following:

place the stent in the test fixture;

indicated vessel diameter;

force occurs or a diameter reduction of at least 50 % is reached;

a)

b)

c)

d) repeat
D.5.3.4.6

Express loz
appropriate]

D.5.3.4.7

this test using the minimum indicated vessel diameter for each stent configuration.

Expression of results

d (pressure or force) per unit axial length in kilopascals per millimetre or newtons-per millimetre
and diameters in millimetres.

Test report

compress the stent using a uniform rate of compression; start with a diameter equal to the maximum

record the load and the associated diameter while compressing the stent until an appreciable reduction in

, ds

The test report shall be in accordance with Clause D.4 and shall include a description of the method used for

determining
force and th
be reported

D.535 C

D.5.3.5.1

The purpos
equivalent
collapse thg
after testing

NOTE 1
geometry is

i

NOTE2 A
compressior

the cru
resist f

the cru
along t

the force and diameter. Report the maximum, minimum, mean &nd standard deviation of the g
e diameter at the peak force. Report the length of the stent segment under test. Data should
as a curve of load versus diameter for the range of diameters tested.

rush resistance with parallel plates

Purpose

e of the test is to determine the load required to cause clinically relevant buckling or a defleg
o a diameter reduction of at least 50, %, and the load required to permanently deform or
stent. The purpose of the test is to also determine whether the stent recovers its original geom
. The relevant design evaluation section of this part of ISO 25539 includes 8.6.2 and 8.6.5.

or permanently deformed stents-(€.g. a balloon-expandable stainless steel stent), recovery to the ori
hot expected to occur.

Ithough similar, crush_resjstance with a radially applied load, crush resistance using parallel plates,
and radial force tests'measure different attributes of the stent, as follows:

5h resistance tést with a radially applied load measures the ability of a balloon-expandable ste
ermanent defermation when subjected to a circumferentially uniform radial load;

5h resistance test using parallel plates measures the ability of a stent to resist permanent deforma
he entire’ length of the device when subjected to a load uniformly applied over the length of the de

eak
hlso

tion
fully
etry

jinal

ocal

nt to

tion
ice;

(e.g. point) load;

state during expansion and compression.

D.5.3.5.2

D.5.3.5.2.1

NOTE
is under test.

66

Materials

Stent system.

ized

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

This test is not designed to evaluate the entire system; however, the system is required to deploy the stent that
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D.5.3.5.2.2 Universal mechanical testing system, equipped with a suitable load cell capable of measuring
force to an accuracy of £ 5 % of the reported value and a constant rate of traverse and appropriate parallel plate
fixtures (i.e. of length longer than the test article).

D.5.3.5.2.3 Temperature controlled environment (37 + 2) °C for stents with material properties that are
sensitive to changes between ambient and physiological temperatures.

D.5.3.5.3 Sampling

Sampling shall be in accordance with Clause D.2.

D.5]3.5.4 Conditioning

Corlditioning shall be in accordance with Clause D.3 and shall include loading, preconditioning and ¢eployment.

D.5{3.5.5 Test method

Develop a test method based on the following:

a) |place the stent in the test fixture in the orientation anticipated to have the’least amount of crush resistance;

b) |compress the stent using a uniform rate of compression; for_balloon-expandable stents, ptart with a
diameter equal to the maximum indicated vessel diameter;“for self-expanding stents, start|at the free
expanded diameter of the stent;

c) |record the load and the associated displacement while compressing the stent until clinicdlly relevant
buckling or a deflection equivalent to a diameter reduction of at least 50 % occurs; determine the load
required to permanently deform or fully collapse, the stent;

d) |release the force applied to the stent and record whether the stent recovers its original geomgtry;

e) [for balloon expandable stents, deploy a stent to the minimum indicated vessel diameter forl each stent
configuration and repeat steps a) ta'd).

NOTE The method for determiningthe force and deflection at which plastic deformation begins is not defined in this

part|of ISO 25539 since this methodwill be specific to the device design under evaluation.

D.5|3.5.6 Expression ofresults

Expfess load (force) perunit axial length in newtons per millimetre, as appropriate, and displacement (including

diameter equivalent)in“millimetres.

D.5]3.5.7 Test'report

The] test report shall be in accordance with Clause D.4 and shall include a description of the method used

for getermining the force and displacement (diameter). Report the maximum, minimum, mean and standard

dev‘mmmmmw@qmmmﬁmmmmwmdﬂt deflection

equivalent to a diameter reduction of at least 50 % and the load and displacement required to permanently
deform or fully collapse the stent. Report whether or not the stent recovers its original geometry after testing.
Data should also be reported as curves of load versus displacement. The orientation of the stent during load
application shall be justified.

D.5.3.6 Flex/kink

D.5.3.6.1 Purpose

The purpose of this test is to determine the minimum radius at which the deployed stent can be flexed without
kinking or exhibiting a diameter reduction of greater than 50 % and whether the stent recovers its original
geometry after testing. If overlapping of stents can be anticipated in clinical use (e.g. superficial femoral artery),
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the kink radius of the stent under study in overlapping configurations should also be determined. Subclauses
5.3.6.5 and 5.3.6.6 provide two alternative test methods (method A and method B) which might be applied as
appropriate to the device design. The relevant design evaluation sections of this part of ISO 25539 include 8.6.5.

NOTE

geometry is not expected to occur.

D.5.3.6.2 Materials

D.5.3.6.2.1

Stent system.

NOTE L
is under test

D.5.3.6.2.2

D.5.3.6.2.3

diameters, @s appropriate, for the stent under test. For test method A only.

D.5.3.6.2.4

D.5.3.6.2.5
appropriate

The bend model should be manufactured from translucent material to allow observation of stent buckling/
nd should consist of two half plates or half shells, which can be unmounted for stent removal after

protrusion §
deployment

D.5.3.6.3

Sampling s

D.5.3.6.4

Conditionin

D.5.3.6.5

a)

positio

Deploy
configy

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

Accessory devices, necessary to accomplish deployment in accordance with the IFUY.

Elastomeric tubes, of diameters that represent the smallest and largest fecommended ve

Cylindrical gauges, of progressively decreasing radii. For test method A only.

Rigid bend model, that represents the smallest and largestirecommended vessel diameters
for the stent under test with progressively decreasing bending radii. For test method B only.

to allow assessment of stent recovery to original shape and size.

Sampling

hall be in accordance with Clause D.2.

Conditioning

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

Test method A

a single stentmin“a straight tube of the minimum indicated vessel diameters for each s
ration, in accordance with the IFU;

W stent loaded tubing on the cylindrical gauge; test worst case stent orientation;

bend s
ortoa

record

l:nt loaded tubing around the gauge so that the entire length of the stent is in contact with the g4

aximum of 180°;

For permanently deformed stents (e.g. a balloon-expandable stainless steel stent), recovery to the original

that

Ssel

, as

btrut

tent

uge

the radius and whether kink or significant narrowing is observed;

NOTE The radius is calculated by adding the tubing wall thickness to the gauge radius.

release the force applied to the stent and record whether the stent recovers its original geometry;

repeat steps ¢) and d) using progressively smaller radius fixtures until one of the following occurs: a

clinically relevant radius of curvature is reached, the stent kinks, or a stent diameter reduction of at least
50 % is observed;

e)

f)

g) repeat
h) repeat
68

steps a) to f) for different positions along the length of the stent, if applicable;

steps a) to g) using a compliant tubing of the maximum indicated vessel diameter;
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i)
D.5.

a)

b)

c)

ISO 25539-2:2012(E)

repeat steps a) to h) using stents in overlapped configuration, if applicable.

3.6.6 Test method B

Deploy a single stent in the bend model of the minimum indicated vessel diameters, for
configuration in accordance with the IFU; test worst case stent orientation;

record the bend radius and whether a kink or significant narrowing is observed;

each stent

release the stent from the bend model and record whether the stent recovers its original geometry;

d)

e)
f)
9)
D.5

The

D.5

The
star
obs
Red

permanent deformation is observed and the radius at which permanent deformation is observe

ano
typs

D.5

D.5

The
forc
its g
resy
is cl

The

NOT

repeat Steps a) to ) USINg progressivety smatter berd radirumntita Kimk or a stentdiameter Teg
least 50 % is observed;

repeat steps a) to d) for different positions along the length of the stent, if applicable;
repeat steps a) to e) using the bend model of the maximum indicated vessel diameter;

repeat steps a) to f) using stents in overlapped configuration, if applicable.

3.6.7 Expression of results

kink radius shall be expressed in millimetres.

3.6.8 Test report

test report shall be in accordance with Clause D.4 and‘shall include the maximum, minimum
dard deviation of the smallest radius at which neither kink nor a reduction of stent diameter
erved for each test condition (i.e. minimum and \maximum tubing diameters, with and withg
ord the largest radius and location at which a.kink or stent diameter reduction is observed. Rep

malous findings (e.g. separation of overlapped stents, fractures, strut protrusion into the lumen
of elastomeric tubing used, if applicable:

3.7 Local compression

3.7.1 Purpose

purpose of this testris-to determine the deformation of the device in response to a localized G
e perpendicularlyapplied to the longitudinal axis of the device, and to determine whether the ste
riginal geometry after testing. This test is required for stents of a design with the potential fo
onse to locakcompression as compared to a radial or flat plate compressive force and for wh
nically refeyvant.

relevant design evaluation section of this part of ISO 25539 includes 8.6.2 and 8.6.5.

uction of at

, mean and

of 50 % is
ut overlap).
ort whether
1. Note any
. Justify the

ompressive
nt recovers
I a different
ich this test

E1 For permanently deformed stents (e.g. a balloon-expandable stainless steel stent) recovery td

the original

geometry is not expected to occur.

NOTE 2  Although similar, crush resistance with a radially applied load, crush resistance using parallel

com

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

plates, local

the crush resistance test with a radially applied load measures the ability of a balloon-expandable stent to

resist permanent deformation when subjected to a circumferentially uniform radial load;

the crush resistance test using parallel plates measures the ability of a stent to resist permanent deformation
along the entire length of the device when subjected to a load uniformly applied over the length of the device;

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

D.5.3.7.2 Materials

D.5.3.7.21

NOTE
is under test.

D.5.3.7.2.2
cell capablg
appropriate

D.5.3.7.2.3
shall be apy

D.5.3.7.2.4
sensitive to

D.5.3.7.3

Sampling s

D.5.3.7.4

Conditionin

D.5.3.7.5
Develop a t
a) measu

b) compre

equiva
of the 9

c) releasq

D.5.3.7.6

Diameters {

Stent system.

Universal mechanical testing system, with COmpressive capability, equipped with a suitabJe |
of measuring force to an accuracy of + 5 % of the reported value, a constant rate of traverse
load application fixtures.

Probe, for applying compressive force. The design of the probe (e.g. shape, crossssectional g
ropriate for the stent design and potential in vivo local compressive forces.

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

Sampling

hall be in accordance with Clause D.2.

Conditioning

j shall be in accordance with Clause D.3 and shalkinclude loading, preconditioning and deployn

Test method
st method based on the following:
e the outer diameter of the stent;

ss the stent with a locally @pplied load using a uniform rate of compression until a displacen
tent considered to be most susceptible to deformation as a result of the application of a focal lo|

the force applied-to the stent and measure the minimum diameter of the stent after the test.

Expression of results

hall he reported in millimetres.

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

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

oad
and

rea)

are

ent.

hent

ent to a diameter reduction of at least 50 % is achieved; application of the load shall be within an area

Ad;

D.5.3.7.7

Test report

The test report shall be in accordance with Clause D.4 and shall include the initial and final measured diameters

and a justifi

70

cation for the area of the stent tested.
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3.8 Radial force

3.8.1 Purpose

The purpose of this test is to determine the force exerted by a self-expanding stent as a function of the stent
diameter, under the conditions of expansion and compression. The relevant design evaluation sections of this

part

of ISO 25539 include 8.6.2 and 8.6.5.

NOTE Although similar, crush resistance with a radially applied load, crush resistance using parallel
compression and radial force tests measure different attributes of the stent, as follows:

plates, local

D.5

D.5

NOT
is ur

D.5
forc

D.5
tens
beir

D.5
sen

NOT
fricti

D.5

resist permanent deformation when subjected to a circumferentially uniform radial load;

the crush resistance test using parallel plates measures the ability of a stent to resist permanent
along the entire length of the device when subjected to a load uniformly applied overthelength o

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

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

3.8.2 Materials

3.8.2.1 Stent system.

E This test is not designed to evaluate the entire system; however, the system is required to deploy
der test.

3.8.2.2 Universal mechanical testing system, equipped with a suitable load cell capable o
e to an accuracy of £ 5 % of the reported, value, a constant rate of traverse and appropriate gripp

3.8.2.3 Expansion and compression clamps/fixtures, such as “Clamshell”, “V” Block or a cir
ion device such as a loop or snare. The fixture diameter/dimensions should be appropriate f
g tested.

3.8.2.4 Temperature controlled environment (37 + 2) °C for stents with material propert
bitive to changes between ambient and physiological temperatures.

E When gelecting the test fixture, consideration should be given to the width or area under study,
pn and the influence of the fixture geometry on the measured loads.

3.8.3>Sampling

Sanmpling shall be in accordance with Clause D.2.

the crush resistance test with a radially applied load measures the ability of a balloon-expandable stent to

Heformation
f the device;

ralocalized

e deployed

he stent that

[ measuring
ing fixtures.

umferential
or the stent

es that are

he effects of

D.5.

3.8.4 Conditioning

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

D.5.

Dev

a)

3.8.5 Test method

elop a test method based on the following:

deploy the stent within the fixture such that the initial diameter is less than or equal to the minimum vessel

diameter indicated in the IFU;
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b) measure the radial force as a function of diameter as the stent is expanded to the maximum indicated
vessel diameter; the speed of testing should be such that the results represent static conditions;

c) measure the radial force as a function of diameter as the stent is compressed to the minimum indicated
vessel diameter for each stent configuration; the speed of testing should be such that the results represent
static conditions;

d) calculate the radial pressure based on the measured force and the cylindrical area under test.

D.5.3.8.6 Expression of results

Radial forc¢ shall be expressed in newtons per unit length in millimetres. The length shall be defined ag the
length of the stent within the fixture. Radial pressure shall be expressed in kilopascals.

D.5.3.8.7 [Test report

tested, the minimum, maximum, mean and standard deviation of the radial force and~radial pressure af the
minimum and maximum diameters for each device size tested. Results from both expansion and compresgion
shall be reported, with the respective speeds used during testing.

The test reFrt shall be in accordance with Clause D.4 and shall include a description of the-stent locatign(s)

D.5.3.9 Cerrosion assessment

D.5.3.9.1 Purpose

The purpoge of this assessment is to evaluate the susceptibility 'of the metallic components of the dtent
to corrosion in a simulated physiological environment for the\intended stent duration. The relevant depign
evaluation gection of this part of ISO 25539 includes 8.6.3.

D.5.3.9.2 Materials

D.5.3.9.2.1| Stent or appropriate test samples’ of the stent (e.g. segments, sections, components,
subassemblies). Test samples shall be appropriate to the type of corrosion under evaluation (e.g. creyice,
pitting, fretting, galvanic).

D.5.3.9.2.2 | Materials, apparatus and test conditions, as specified in the test methods selected for this evaluation.
D.5.3.9.2.3| Suitable, standard reference samples.

D.5.3.9.3 BSampling

Sampling shall be inaccordance with Clause D.2.

D.5.3.9.4 [Conditioning

Conditioning shall be in accordance with Clause D.3 and shall include loading, preconditioning and deployment.
The materials under evaluation shall undergo all manufacturing, fabrication and finish processing, as well as
all post-processing steps such as cleaning. For coated stents, a portion of the underlying substrate should be
exposed prior to testing to simulate potential clinical exposure over time. Care should be taken not to damage the
underlying substrate during conditioning. Additional preconditioning steps might be appropriate for coated stents.

D.5.3.9.5 Test method
a) All metallic components of the stent should be evaluated using appropriate corrosion test methods and

assessment. In cases where different metals might be in contact by virtue of the device design or IFU, they
shall be in similar contact during evaluation (e.g. radiopaque markers). In cases where the stent design
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