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reword

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

bntion is drawn to the possibility that some of the elements of this document may be the
ent rights. ISO shall not be held responsible for identifying any or all suchpatent rightg
patent rights identified during the development of the document will.be“in the Introduct
he ISO list of patent declarations received (see www. iso. org/patentsy.

trade name used in this document is information given for the,eonvenience of users ar
Stitute an endorsement.

An explanation on the meaning of ISO specific terms and expressions related to conformity 3
vell as information about ISO’s adherence to the World,Trade Organization (WTO) princ

enance are

ded for the
e with the

 subject of
. Details of
ion and/or

d does not

ssessment,
ples in the

has been

Technical Barriers to Trade (TBT) see the following URL:; www.iso. org/iso/foreword. html.

Thg committee responsible for this document is ISO/TC 150, Implants for surgery, Subcommittee SC 2,
Carfliovascular implants and extracorporeal systems.

Thif second edition cancels and replaces) the first edition (ISO 25539-1:2003), which
technically revised.

It also incorporates the AmendmentISO 25539-1:2003 /Amd1:2005.

Ali

5t of all the parts of ISO 25589 can be found on the ISO website.
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Introduction

This document was prepared to provide minimum requirements for endovascular prostheses. The
normative requirements are provided in the main body. The rationale for the requirements for bench
tests and analyses to assess device performance, guidance on the identification of appropriate testing to
evaluate a specific device design and guidance for developing test methods are provided in informative
annexes. Further clarification of terminology and a cross reference between the main body and these
annexes are provided in additional informative annexes.

This document has been updated to reflect current knowledge regarding the testing and clinical use of

endovascu
guidance ff
consistenc

This docu
endovascu
the DES is
Annex A. A

ar prostheses, reflected in modifications to the requirements in the main body and,in
br developing test methods in Annex D. In addition, revisions have been made to.impr
y in nomenclature and reporting and to enhance the utility of this document.

ment introduces methodology to identify appropriate testing and analyses for spe
ar prosthesis, designated as the device evaluation strategy (DES). The requirementregarg
in the main body, with informative guidance for the preparation of a DES-table include

changes in

The other

innex A also provides guidance for developing a DES for device desigin’ modifications
intended use.

Kignificant modifications in the requirements include the addition of non-radial durab

testing, with guidance on the selection of appropriate testing, and specific requirements for tes
patency-related characteristics. Guidance for the develppment of appropriate tests to nheet

to evaluatg
these requ

rements is included in Annex D.

The guidamce on the development of methods to address the requirement for evaluating fatigue

durability 1
regarding

hrough computational analyses has been modifi€d significantly to include recommendat
verification of the solution and validation of the computational model, as well as report

the
ove

rific
ling
d in
and

lity
[ing

and
ons
ing.

The guida
improve t

hce on the model development for simulated use has also been significantly revised to
clinical relevance of this testing.

T

New requirements also include the evaluationtof leakage at a seal zone and dislodgement forcg of
endovascular prosthesis from a balloon. Guidance for the development of appropriate tests to meet
these requjrements is included in Annex D.

da
rhat
any
not

The requifement for evaluating the strength of the connection(s) between the graft material ar
discrete fiyation system(s) has beénjclarified with respect to the applicability of this requirement,
is, this requirement is only appligable for prostheses with a fixation system that is discrete from
stent(s) intr;nded to providestfuctural support within the prosthesis [e.g. suprarenal stent that is
continuouq with the stent(s$)dn the prosthesis body].

The specific requirements to evaluate pushability, flexibility, torquability, trackability and deploynjent
accuracy df an endovascular system have been removed and incorporated within the simulated [use
evaluation|requirement to better reflect how these attributes are evaluated. Similarly, the requirenpent
to evaluatd tubing tensile strength has been removed and incorporated within the evaluation of tersile
bond strenigtin

The requirement to evaluate stent-free surface area has been removed as this attribute is not relevant
for endovascular prostheses, which includes covered stents.

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

For design evaluation, requirements regarding sampling, conditioning of test samples and reporting
have been incorporated in the main body. Guidance on these elements of testing and documentation
were previously included in Annex D.

vi © ISO 2017 - All rights reserved
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The revisions to the titles of the annexes to this document are as follows.

Annex ISO 25539-1:2003+A1:2005 ISO 25539-1:2017

A Attributes of endovascular devices — Relationship between testing requirements and
Technical and clinical considerations device attributes and potential failure modes

B Bench and analytical tests Description of device and clinical effects of

failure

C Definitions of reportable clinical events Bench and analytical tests

D Test methods Test methods

E Sampteequations asasupptement tothe radtat— There s o Ammex Eas this imformmation was
fatigue and durability test incorporated in Annex D

It isfrecognised by this ISO committee that many endovascular systems have been shown to pe safe and
effgctive in clinical use. This update is not intended to require additional evaluation'of thesg devices to
remjain in compliance with this document as the testing would not provide usefulinformation regarding
the|expected clinical performance of the device. Manufacturers may rely on‘historical datia gathered
under the guidance of the previous version of this document. Similarly, for device modiffications or
chapges in intended clinical use, this update is not intended to requife)additional evaluafion of any

aspects of the device that are not expected to change clinical performankce.

© IS0 2017 - All rights reserved
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Cardiovascular implants — Endovascular devices —

Part 1:

Endovascular prostheses

1
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Simfilarly, specific prosthesis configurations (e.g. fenestrated, branched) are within the
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of theZéndovascular prosthesis component of a valved conduit, but specific requirements 3
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NOTE 1

Scope

5 document specifies requirements for the evaluation of endovascular systems(pros
very systems) and requirements with respect to nomenclature, design attributes‘and i
plied by the manufacturer based upon current medical knowledge. Guidance\for the d¢
1 vitro test methods is included in an informative annex to this document.-This docun
sidered as a supplement to ISO 14630, which specifies general requiremeftits for the perf
-active surgical implants.

5 document is applicable to endovascular systems used to treat’aneurysms, stenosq
Cular anomalies or pathologies (e.g. dissections, transections) ©r to create shunts betw
creation of transjugular intrahepatic portosystemic shunting (TIPS)]. Some of the requirj
Cific to endovascular treatment of arterial aneurysms or)stenoses. Although uses of en
ems other than treatment of arterial aneurysms or sténoses (e.g. dissections, transectig
within the scope of this document, the specific ‘equirements and testing are not

Cific requirements and testing are not described\for these devices.

5 document is not applicable to vascular o¢cluders, with the exception of contra-lateral
uders when used as an integral part of-aorto-uni-iliac endovascular prosthesis. Althoy
ral iliac artery occluders when used as-an integral part of aorto-uni-iliac endovascular
within the scope of this document{ specific requirements and testing are not describe
ices.

oons used to achieve adequate apposition of the prosthesis with the vessel wall or d
ponents are within the-scope of this document, even if they are not integral to the en
em. This document provides requirements beyond the requirements of ISO 10555-4, spq
of balloons with endevascular prostheses.

5 document is~iiot applicable to procedures and devices used prior to the introduc
ovascular syStem, such as balloon angioplasty devices.

valve component of valved conduits constructed with an endovascular prosthesis com
combination of the valved component and the endovascular prosthesis component ar
the scope of this document. This document can be helpful in identifying the appropriate

theses and
hformation
velopment
ent can be
brmance of

s or other
ben vessels
ements are
dovascular
ns, shunts)
described.
scope, but

liac artery
gh contra-
prosthesis
d for these

verlapping
dovascular
cific to the

fion of the

bonent and
e excluded
evaluation

ind testing

not described for these devices.

Cardiac valved conduits are within the scope of ISO 5840-1.

Pharmacological aspects of drug eluting or drug coated endovascular prostheses are not addressed in
this document.

NOTE 2

Vascular device-drug combination products are within the scope of ISO 12417.

This document does not address the requirements for, and the evaluation of, viable tissues and non-
viable biologic materials used in the construction of endovascular prostheses.

©IS
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The requirements for, and the evaluation of, degradation and other time-dependant aspects of
absorbable materials used in the construction of endovascular prostheses are not addressed in this

document.

NOTE 3

Absorbable materials are within the scope of ISO/TS 17137 and ISO/TR 37137.

2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies. For

undated r¢g

ISO 7198:2
vascular gn

ISO 10993
manageme

ISO 11135
validation

[SO 11137

ISO 11607
sterile barn

[SO 13485

ISO 14160,
devices util

validation gnd routine control of a sterilization processfor medical devices

ISO 14630:

ISO 14937,
agent and t

ISO 14971,

ASTM F25
Resonance

3 Terms and definitions

For the pu
following 3

016, Cardiovascular implants and extracorporeal systems — Vascular prostheses =<\Tub
afts and vascular patches

L1, Biological evaluation of medical devices — Part 1: Evaluation and testing’ within a
nt process

Sterilization of health-care products — Ethylene oxide — Requirements for the developm
yind routine control of a sterilization process for medical devices

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

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

Medical devices — Quality management systems —Requirements for regulatory purposes

Sterilization of health care products — Liquid chemical sterilizing agents for single-use meg
izing animal tissues and their derivatives —@Requirements for characterization, developm

2012, Non-active surgical implants —General requirements

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

Medical devices — Application of risk management to medical devices

D3, Standard Practieefor Marking Medical Devices and Other Items for Safety in the Magn
F-nvironment

'poses,of this document, the terms and definitions given in ISO 7198 and 1SO 14630 and
pply.

ferences, the latest edition oI the referenced document (1ncluding any amendments) appllies.

lar

risk

ent,

fals,

ical
ent,

ying

etic

the

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

IEC Electropedia: available at http://www.electropedia.org/

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

NOTE

Additional descriptions of device and clinical effects of failure are included in Annex B.

© ISO 2017 - All rights reserved
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3.1

adverse event

adverse change in health that occurs in a subject who participates in a study while receiving the
treatment or within a specified time after receiving treatment

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

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

3.2
clirfical effect of failure
spefific clinical observations potentially associated with device failures

Note 1 to entry: The term device failure relates to the definition of a hazard as found in ISO 14971.
Note 2 to entry: Clinical effects of failure are described in Annex B.

3.3
deljvery system
system or mechanism used to deliver the endovascular prosthesis (349)\0 the targeted positiqn and then
to deploy the prosthesis

Notg 1 to entry: The delivery system is removed after implant deployument.

3.4
determine
quantitatively appraise or analyse

3.5
device effect of failure
conkequence to the device potentially associated with device failures

Note¢ 1 to entry: Device effects of failure-atre-described in Annex B.

3.6
devlice evaluation strategy
DES
ratipnale for the testing-selected to evaluate a specific endovascular system (3.10), based on the
reqpirements of the dévice design and potential failure modes (3.13)

3.7
device evaluation strategy table
DEY§ table

optjonal cemmunication tool to present the DES (3.6) for a specific endovascular system (3.1()

3.8
endeleak
persistence of blood flow outside the lumen of an endovascular prosthesis (3.9), but within an aneurysm
sac or vascular segment being treated by the graft

Note 1 to entry: Endoleaks in the presence of aneurysm are categorized as follows.

— Type I endoleak arising at or from a sealing zone, occurring at the proximal (Type Ia) or distal (Type Ib)
attachment zone.

— Typellendoleakis caused by retrograde flow from patentbranch arteries, for example, lumbar and intercostal
arteries.

— Type Il endoleak arises from an inadequate seal between modular graft components (Type Illa) or from a
defect in the graft material (3.15) (Type IlIb).

© IS0 2017 - All rights reserved 3
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— Type IV endoleak is due to graft permeability, often identified by a generalized blush of contrast within the
aneurysm sac.

3.9

endovascular prosthesis

endovascular graft

endovascular implant

vascular prosthesis (including modular components) which resides partially or completely within a
blood vessel, or vascular conduit to form an internal bypass or shunt between sections of the vascular
system, delivered and deployed using a delivery system (3.3)

3.10 1l
endovascular system
system compprised of an endovascular prosthesis (3.9) and its delivery system (3.3)

3.11
evaluate
qualitatively appraise or analyse

3.12
factory anjastomosis
factory mgnufactured seam-line in which two or more edges of graft material (3.15) are joined [e.g.
sewn) together

Note 1 to entry: Bonds between stents or between the graft material and adstent or an attachment system arg not
covered under this definition.

3.13
failure mqde
difficulty of failure of the endovascular system (3.10) thatmay be encountered (hazards) in pre-clinical in
vivo or clin]cal use of an endovascular system (3.10) and\could result in consequences (harm) to the suljject

3.14
fixation system
system or [feature of the endovascular prosthesis (3.9) that is designed to interface directly with|the
vessel wallfin order to prevent migration

3.15
graft material
textile of non-textile, nop‘metallic material [e.g. polyethylene terephthalate (PET),
polytetrafluoroethylene (PLFE), polyurethane] used to line or cover the mechanical support structyres
of the endoyascular prosthesis (3.9) or to provide a vascular conduit for blood flow

4 General requirements for endovascular system

The follow|ng requirements shall apply to all endovascular systems.

4.1 Type of endovascular prosthesis

The type of endovascular prosthesis shall be designated by balloon-expandable, self-expanding or other.

4.2 Materials and construction for endovascular system

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

4 © IS0 2017 - All rights reserved
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4.3 Configuration and size designation for endovascular prosthesis

The configuration of endovascular prosthesis shall be designated by its geometry (e.g. straight,
bifurcated, branched, fenestrated, tapered, flared).

The size of an endovascular system shall be designated by the outer diameter of the delivery system
and the appropriate nominal relaxed diameters of each component of the endovascular prosthesis (e.g.
main body, branches, extenders, cuffs) and the appropriate lengths.

4.4 Intended clinical use for endovascular system

The intended clinical use shall be designated by the disease state or lesion type to be'\tfeated (e.g.
occlusive disease, stenosis, restenosis, aneurysm, dissection, transection) and onecer njore of the
follpwing implant locations:

a) |ascending thoracic aortic;

b) |aortic arch;

c) |greatvessels;

— left subclavian;

— left carotid;

— innominate (brachiocephalic);
d) |descending thoracic aortic;

e) |thoraco-abdominal aortic;

f) |abdominal aortic and/or aorto-iliac;
— infrarenal;

— juxtarenal;

— pararenal and paravijsceral;

g) |visceral;

— renal;

— superiorjymesenteric;

— celiag

h) |peripheral;

HEEYa
— internal iliac;
— femoral;
— popliteal;
— tibial;
— carotid;
i) coronary;

j) arterio-venous shunt for vascular access;

© IS0 2017 - All rights reserved 5
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k) transjugular intrahepatic shunt;

D)

other vessels to be specified.

Anatomical indications (e.g. vessel diameter ranges for treatment of occlusive disease, range of landing
zone diameters and lengths for the treatment of aneurysms, maximum angulation) shall be specified.

For branch

ed or fenestrated devices, the additional vessels to be treated shall be specified.

For endovascular prostheses intended to be used in conjunction with adjunctive procedures (e.g.
percutaneous transluminal angioplasty), the adjunctive procedure shall be specified.

If an endg
restenosis,
fixation), tl

4.5 Ball

Balloons i1
the prosthg
volume(s),

If a comme
shall be de
low-pressu

5

The requir]

6 Desig

6.1 Gen

The requir
systems ay
evaluation

vascular prostheses may be used in a secondary procedure (e.g. treatment of in}
secondary repair of previously placed endovascular prosthesis with inadequate. se
ne conditions of use shall be specified.

pon designation

tegral to the endovascular system and balloons intended to achieve adequate appositio

Fhe maximum recommended inflation pressure or volume and the rated burst pressure (R

rcially available balloon is recommended for use in the instructions for use (IFU), the ba
signated by the balloon type [e.g. percutaneous transluminal angioplasty (PTA), moul
re aortic, compliant].

Intenided performance

ements of SO 14630:2012, Clause 4 shall apply.

n attributes

bral

ements of ISO 14630:2012,Clause 5 shall apply. General design attributes for endovasc
e listed in Tables A.3 4and A.4 with reference to the nonclinical testing necessary for
of the design. It is recognised that not all tests identified in a category will be necessar

practical f¢r any given endovascular prosthesis and/or system. The rationale for the selection of t

shall be do

6.2 End

In addition

cumented.

pvascular'system

to the-general requirements, the design attributes of the endovascular system shall at 1
ccount the following:

sis shall be designated by the nominal diameter(s) as a function of the inflation pressure(J

gliong,

stent

]

or

h of
) or
BP).

on

1lar
the
/ or
psts

past

take into a
a) ability
b) ability
c) ability
d) ability

to consistently, accurately and safely access the intended location;
to consistently, accurately and safely deploy the endovascular prosthesis;
to safely withdraw the delivery system;

to minimize blood loss (haemostasis).

6.3 Endovascular prosthesis

In addition to the general requirements, the design attributes of the endovascular prosthesis shall at

least take i

a) ability

6

nto account the following:

of the endovascular prosthesis to ensure effective fixation within the vasculature;
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ability of the endovascular prosthesis to maintain adequate integrity;

ability of the endovascular prosthesis to isolate the lesion as appropriate to its intended use (e.g.
provide seal between the endovascular prosthesis and aneurysm, prevent blood from flowing

through the implant wall);

Changes in wall permeability after implantation shall be considered when establishing an appropriate
in vitro specification for permeability.

d)
e)
f)

g)

6.4

In
end

The
mat
For
ord

8

8.1

Thd
acc

appropriate interaction between endovascular prosthesis modular components;

Faloalae £l | 1 £l s H 3 £ 3 o d 1 s
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ability of the endovascular prosthesis to maintain adequate blood flow threugh
(patency);

ability to safely use magnetic resonance imaging (MRI) on a patient with an ithplanted en
prosthesis.

Endovascular system and endovascular prosthesis

hddition to the general requirements, the design attributesiof the endovascular s
ovascular prosthesis shall at least take into account the folloWwing:

visibility of the endovascular system, delivery systeéni and endovascular prosth
fluoroscopy or other technologies;
ISO 10993-1 and other appropriate parts of the1SO 10993- series;

sterility of the endovascular system and endovascular prosthesis.

Materials

requirements of ISO 14630:2012, Clause 6 shall apply. Additional testing specific
erials should be performed.to-determine the appropriateness of the material for use in
example, nitinol materials dependent on shape-memory properties should be subjected t
b1 to assess transformation properties.

Design evaluation

General

reqiirements of 1ISO 14630:2012, Clause 7 shall apply. A risk analysis shall be car
rdance with the requirements of ISO 14971.

eters;

the lumen

dovascular

ystem and

bsis under

compliance of the delivery system and endovascular prosthesis with the requifements of

to certain
the design.
D testing in

fied out in

The requirements and testing described in ISO 10555-1 may apply to the design evaluation of an

end

ovascular system.

The device design concept shall be considered in the selection of appropriate tests and associated test
methods. The device design concept includes the following:

device description (e.g. physical description, figures, materials of construction), what the device key
design features are intended to do, how the key design features accomplish the intended objective;

intended clinical use (see 4.4);
conditions of use/intended in vivo environment;

minimum design life of the device.
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A device evaluation strategy (DES) shall be created. A DES provides the rationale for the testing selected
to evaluate the endovascular system based on the requirements of the device design and potential
failure modes. DES may be communicated in a table (DES table) with column headings as presented
and explained in Table A.1. Tables A.3 and A.4 may serve as the foundation for DES applicable to specific
endovascular prosthesis and would be expanded upon as appropriate to address the unique aspects of
the device. Alternative methods for presenting DES may be used (e.g. a non-tabular presentation of the
rationale for the testing based on the potential risks and benefits of the endovascular system for the
intended clinical use).

Emerging- technology endovascular systems should be evaluated followmg the basic requirements of
e of

this docunjent to characterlze these endovascular systems.

NOTE1  All testing might not be appropriate for all endovascular system designs or intended clinicaluses

Whenever fhanges are made in materials, construction, configuration, intended clinical useor proces
methods, dn appropriate analysis of the potential impact of the change on the potential failure ma
and performance of the endovascular system shall be performed. The device evaliration strategy

be outlined in a table with column headings as presented in Table A.5. Appropriate testing shal
conducted ps deemed necessary, considering the potential failure modes associated with the change

bing
des
may

be

The use of
attributes,

a control device for comparison may be considered in the eyaluation of certain de
particularly for design iterations.

bign

The devicH

concept and in the instructions for use (IFU). Though not required for the design evaluation, tes

beyond th
migration
as a functi
from such
warnings ¢

Testing to
this will n
to degrada
parameter

design evaluation should be appropriate for the conditions of use described in the de

bse limits may be considered to characterize the“changes in device performance
resistance, seal, kink resistance, durability, prop€r-positioning, configuration or orientat

testing might be useful in establishing acceéptance criteria and in identifying appropr
r precautions in the IFU for physician users.

bstablish the labelled shelf-life shall-'be conducted by repeating appropriate tests. Gener
t include long-term durability testing, unless the materials of construction are suscept
tion that cannot be evaluated through shorter-term testing, or other tests that measg
5 that are not expected to beraffected by aging (e.g. MRI safety testing, corrosion testi

bign
[ing
e.g.
on)

bn of use outside of the recommended conditions (e.g. angles, sizing). Information obtained

late

lly,
ible
ure
ng).

Justification for the selection of tests shall be provided.

NOTE2  ASTM F2914 provides gliidance for the determination of appropriate tests for the evaluation of shelfflife.
8.2 Sampling

A sampling plan should be used that will ensure that adequate representation of the data has Heen
obtained fpr each\characteristic measured. It should be verified that the design attributes of|the
endovascular system are representative of the devices to be released for distribution including all sizes,
configurat]ons‘and components.

If the purpose of the test is to evaluate the interaction between modular components or overlapping
prostheses (e.g. separation force for overlapping endovascular prostheses), or if the attribute under
test could be significantly affected by the overlap (e.g. ability to resist kinking), the test articles should
include overlapped components.

The sampling should fully represent the range of device sizes and may not necessarily require the
testing of each size. It may be necessary to conduct an analysis to identify the size(s) of the device with
the greatest potential for failure. A rationale should be provided for sample selection.

Segments or portions of complete prostheses may be used as the test articles if appropriately justified.

The need for testing of more than one area in endovascular prosthesis to ensure adequate
characterization for some parameters (e.g. proximal and distal diameters in a tapered prosthesis,
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wall thickness in devices with non-uniform wall thickness) should be considered in establishing the
sampling plan.

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

8.3 Conditioning of test samples

All samples 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 normall

encountered that can affect the test

restlts. Examples of conditioning are preparation of the endovascular system, loading of the|prosthesis
b system to

inside the delivery catheter, passage through simulated tortuous vasculature, warming-ofth
y temperature and deployment of the prosthesis.

bod

8.4
For

The
bac
dev|
the

a)
b)

d)

Reporting

design evaluation report should include an appropriate table of cdnténts and four main
kground, b) an executive summary, c) individual test summarie$.and d) appendices that
ice evaluation strategy and the detailed reports. Pages should be'numbered sequentially throughout
document (including appendices).

The background section should describe the device design concept.

The executive summary should include the followihg:

Individual test summaries’should include the following:

Iadividual test reports should include the following information:

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

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

a table to summarize the testing completed, with the following columns: name ¢
purpose, test sample description, number of samples, acceptance criteria, summar
and cross references to_the'test summary and full test report.

a brief summaty-of the purpose, methods, and results;
the significarice of the test results:
— fortests with acceptance criteria, justification for the criteria;

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

the purposes of this document, reporting refers to submission to a National Regulatory Authority.

bections: a)
nclude the

on of tests

f test, test
7 of results

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

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

and diagrams as appropriate;

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

tested and

acceptance criteria: if applicable, state the criteria for the test results, including justification

and/or clinical relevance;

© IS0 2017 - All rights reserved


https://standardsiso.com/api/?name=eae6b271c3c37671396da5f3767cc9d3

ISO 25539-1:2017(E)

Clinical applicability of the acceptance criteria shall take into consideration the anatomical and

physio

de

of

eX
ad

8.5 Ben

Testing of
to evaluatg
each desig
clinical eff
tests and a

COpe

logical conditions of the intended use.
fined inspection procedures, and provide a justification for relevant test parameters;

the results;

planation of the relevance of the results for characterization tests and, if appropriate,,inc
iscussion on the potential clinical significance of the results.

ch and analytical tests

the endovascular system, delivery system and endovascular prosthesjsishall be condu

h attribute are based on the potential associated failure modes, device effects of failure
bcts of failure. The rationale for the requirements specified in this“”document for the b
halytical analyses to assess device performance is described,infAnnex A.

8.5.1 Endovascular system and delivery system

The ability
withdraw3g
visualizati

The associ
of failure a

' of the endovascular system to permit safe and)éonsistent delivery, deployment
| and to provide adequate haemostasis shall belassessed. Sterility, biocompatibility
bn shall also be assessed.

hited device/procedure related functions, potential failure modes and potential device eff
Ind clinical effects of failure to be considered are listed in Table A.3.

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

protocoldeviations:describeanydeviationsandtheirpotential significance ontheinterpretation

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

ted

the design attributes described in Clause 6, as applicable. The appropriate tests to evalfiate

and
nch

and
and

pCts

Testing shall include the items listed in 8.5.1¢l through 8.5.1.11, as appropriate to the design of|the
endovascular system.

8.5.1.1 Balloon testing

The followling requirements apply“to balloons integral to the endovascular system and accesqory
balloons uged to achieve adequate apposition of the prosthesis.

If the IFU|for the endovascular prosthesis requires the use of a commercially available ballpon,
simulated Juse testing @s-required by 8.5.1.5 shall include use of the specified balloon or a balloon
with chardcteristics-répresentative of the type of balloon specified in the IFU. The balloon testing as
required by 8.5.1.1\s/not required for the commercially available balloon.

8.5.1.1.1 | Balloon burst pressure for non-compliant balloons

Determine the mean and rated burst pressure (RBP) of the balloon when inside of the endovascular
prosthesis.

8.5.1.1.2 Balloon deflation times

Determine the time required to completely deflate the balloon when inside of the endovascular
prosthesis.
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8.5.1.1.3 Balloon rated fatigue

Determine the ability of the balloon, when inside of the endovascular prosthesis, to withstand repeated
inflation cycles to the maximum recommended pressure or volume, taking into consideration the
number of inflation cycles expected clinically.

8.5.1.1.4 Balloon volume to burst for compliant balloons

Determine the volume required to burst a compliant balloon when inside of the endovascular prosthesis.

8 5 e ) D L] 1 £ = £l a | 1 &
. p ¥y~ DIIIITISIUIIAL VET IITAUIUIL UT UIT TIuuvdsluldl sy oSticill

Detprmine the endovascular system dimensions, including the useable length, profile and all other
appropriate dimensions, for verification to design specifications.

8.5]1.3 Dislodgement force (pre-mounted, balloon-expandable endovascular prosthesis)

Detprmine the force required to displace the pre-mounted endovascular prasthesis from its position on
the [non-expanded balloon.

8.5]1.4 Force to deploy for self-expanding endovascular prostheses

Determine the force to deploy the endovascular prosthesis uitder simulated anatomical conditions. All
appllicable steps of the deployment process should be evaluated.

Thip force may be used to establish relevant bond strength acceptance criteria.

8.5]1.5 Simulated use

Evalluate the ability to access, deploy and withdraw the endovascular system, including pushability,
flextibility, torquability, trackability and ‘déployment accuracy, using an anatomical mddel(s) that
is (pre) representative of the anatomical variation in the intended patient population. Eyaluate the
conjpatibility of the endovascular system with accessory devices. Evaluate the conformaHility of the
deployed endovascular prosthesis to the vessel wall, positioning (including orientation, if applicable),
and| absence of anomalies (e.g.kinks, twists, component separation, non-uniform expansion,|prosthesis
danpage).

If visible particle generation is observed during access, deployment and withdrawal of the endovascular
system, this observation should be noted. The relevance of any observations should be expldined in the
confext of the intended clinical use.

8.5]1.6 Tensile bond strength

Detprmine-the bond strength of the joints and/or fixed connections of the delivery system. Eyaluate the
strgngth of the segments adjacent to the bonds of the delivery system (e.g. sheath, tubing) separately or

+] abla sl o 1o d i ala ot H 3
Con CUull CLLLAy VVILIT LIICT UUIIU SUI Cllstll UCLLUT IIIIIIAdUIVUIL.

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

8.5.1.7 Torsional bond strength

Determine the torque required to cause failure of the joints and/or fixed connections in the appropriate
segments of the delivery system (i.e. joints and/or fixed connections that are subjected to torsion during
clinical use). Evaluate the torsional strength of the segments adjacent to the bonds of the delivery
system (e.g. sheath, tubing) separately or concurrently with the torsional bond strength determination.

© IS0 2017 - All rights reserved 11


https://standardsiso.com/api/?name=eae6b271c3c37671396da5f3767cc9d3

ISO 25539-1:2017(E)

The results shall be evaluated in relation to the torque necessary to access, deploy and withdraw
the system.

8.5.1.8 Haemostasis

Evaluate the ability of any haemostatic seal or valve in the delivery system to minimize leakage of blood.

8.5.1.9 Biocompatibility

The biocompatibility of the delivery system and the endovascular prosthesis shall be ensured in

il 1o 10002 .1 1CO 100072
accordancgwith156-16993-t=and appropt tate pat tsofthe 15610993 =—=sertes:

8.5.1.10 Sterilization assurance

Sterilizatign shall be ensured in accordance with appropriate International Standards.

8.5.1.11 Visibility

Evaluate the ability to visualize the endovascular system and endovascular/prosthesis using|the
imaging tefhniques specified in the instructions for use (IFU).

8.5.2 Endovascular prosthesis
The ability|of the implant to function as intended shall be assessed.

The associpted device/procedure related functions, potentialk,failure modes and potential device and
clinical eff¢cts of failure to be considered are listed in Table A 4.

Testing shall include the items listed in 8.5.2.1 through 8.5.2.9, as appropriate to the design of|the
endovascular prosthesis. The tests are grouped based on similarities in the objectives of the testiing;
however, tests are not repeated within multiple ¢ategories. Refer to Annex A for a complete listing of
the tests applicable to each design attribute.

8.5.2.1 (orrosion

Evaluate the susceptibility of the metallic materials of the endovascular prosthesis to corrosion.

8.5.2.2 Hatigue and durability — Computational analyses

Calculate the magnitudefand location of the maximum stresses and/or strains for each approprijate
loading sdenario based “upon the intended clinical application and device design. Approprijate
computatignal analysis tools, such as finite element analysis (FEA), can be used to calculate the stregses
and/or strains. The'stresses and/or strains can be compared to material characteristics to calculate|the
fatigue safety factor.

Computatiotratan atso—be
articles for fatigue and durablllty testlng

8.5.2.3 Fatigue and durability — in vitro testing

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

Potential integrity failures to be assessed might include fractures, abrasion, perforation, suture breaks,
bonding failures, suture hole elongation, weave separation and delamination.

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

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

8.5.2.3.1 General considerations

In i']Pnfifving the appropriate durability tests dpvp]nping test methods and pcf;\h]iqhing acceptance
criteria, consideration of the device design (e.g. geometry, material selection, active figation) and
intgnded clinical use (e.g. implantation location, disease state, lesion type) is necessary:

Pulsatile and non-pulsatile loading are associated with several modes of deformation.: Pulsatile loading
(i.e{loading caused by the cardiac cycle) results in radial dilatation and can also produce|non-radial
(i.e] bending, torsional and axial) deformation. Non-pulsatile loading (e.g, leading from iespiration,
walking) can result in non-radial deformation. Examples of clinical uses with-their associatgd modes of
loading (e.g. bending, axial, torsion, radial) include the following:

— |arterial endovascular prostheses will generally be subject to radialloading;
— |non-aortic endovascular prostheses could also be subject tdaxial, bending and torsion;

— |thoracic aortic endovascular prostheses could also besubject to bending.

8.5]2.3.2 Radial fatigue and durability

Evalluate the long-term structural integrity of the endovascular prosthesis when subjectdd to cyclic
radjal loading conditions, if applicable.

8.5J2.3.3 Active fixation fatigue and-durability

Evalluate the long-term structural integrity of the securement of the active fixation compg¢nents (e.g.
barps, hooks, pins) to the attachment system (e.g. proximal stent) and the securement of the gttachment
sysfem to the endovascular praosthesis body when subjected to cyclic loading conditions, if applicable.

8.5]2.3.4 Axial fatigue¢ and durability

Evalluate the long-térin structural integrity of the endovascular prosthesis when subjectdd to cyclic
axigl loading conditions, if applicable.

8.5]2.3.5 -Bending fatigue and durability

Evalluate the long-term structural integrity of the endovascular prosthesis when subjectdd to cyclic
benlding loading conditions, if applicable.

8.5.2.3.6 Torsional fatigue and durability

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

8.5.2.4 Fixation and seal

Determine the leakage at the seal zone and the separation force for overlapping endovascular
prostheses. Also, evaluate the migration resistance of the endovascular prosthesis.

Additional testing may be appropriate to address potential effects of failure that can be related to
inadequate fixation effectiveness such as radial force, recoil and strength of the connection(s) between
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the graft material and a discrete fixation system(s) which are listed under 8.5.2.5, 8.5.2.7 and 8.5.2.8,
respectively. In addition, testing to address the maintenance of fixation effectiveness is addressed
under 8.5.2.2 and 8.5.2.3.

8.5.2.4.1

Leakage at seal zone

This test applies to a device design modification that may affect the seal zone(s).

Determine the leakage between the seal zone(s) of the endovascular prosthesis and a mock artery and
compare the results to those for the unmodified device. This requirement can alternatively be met

through evaluation nf'Tvpp I endoleaks in a clinical study

The evalug
uses for w
clinical seg

8.5.2.4.2

Evaluate tl
pressure. ]
for clinical
clinical seg

8.5.2.4.3
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(e.g. main
necessary
unlikely to
occlusive ¢

8.5.2.5 K

Crush resi
of the end
described 1

tion of seal zone leakage is not necessary for endovascular prostheses intended for elin
hich seal zone leakage is unlikely to occur or would not likely be associated with-adv¢
uelae (e.g. treatment of occlusive lesions).

Migration resistance

e ability of the endovascular prosthesis to resist migration when(Subjected to a forc
he evaluation of migration resistance is not necessary for endovaseular prostheses inten
uses for which migration is unlikely to occur or would not likeljxbe associated with adv{
uelae (e.g. treatment of occlusive lesions).

Separation force for overlapping endovascular prostheses

the force required to separate overlapping endovascular prostheses or modular compong
body, cuffs, extenders) in the deployed state,The evaluation of separation force is

occur or would not likely be associated ‘with adverse clinical sequelae (e.g. treatmen
psions).

atency-related tests

pbvascular prosthesis and are‘applicable for specific device types and implant location
n Table 1. Resistance to kinking (flexibility) is applicable to all endovascular prostheses.

ical
brse

b Or
ded
brse

bnts
not

for endovascular prostheses intended for clinical uses for which component separation is

t of

stance, local compression and radial force characterize different patency-related attribyites
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Table 1 — Rationale for crush and compression resistance and radial force requirements

Rationale for applicability

Non-aortic implant locations

Aortic implant locations

Test Purpose Balloon- Self- Balloon- Self-expanding
expandable expanding expandable endovascular
endovascular | endovascular endovascular prostheses
prostheses prostheses prostheses
The purpose of
resistance to force at which because this because a Not applicable Not'applicable
perpendicularly |5 pre-specified testdoesnot  |non-aortic . because the becauge the
applied load displacement oc- evaluate self-expanding aorta is not aorta is not
curs under a load permanent prosthesis typicall typicall
(el i applied perpen- deformation might be silk))'ectgd to silk))'ec g’d to
ox andlqg, dpi)cpular perp relevant to subjected to er] endictlar] er] endicular]
nop-aortic to the balloon- compressive g ?ied loads Y g ?ie ] loads Y
endovascular loneitudinal expandable forces thatcan |2PP ' pp '
prgstheses) axisgofthe prostheses. affect patency.
prosthesis.
The purpose of
this testis to
. determine the
Cryshresistance |force at which  |Applicable Not anSlicable
with . apre-specified |because a b P T Not applicable Not applicable
petpendicularly |3mount of non-aortic eic‘:‘;ﬁse i because the becauge the
applied load permanent balloon-ex- b 8 aortais not aorta is not
: devices do : :
(bdlloon- deformation pandable ot tvpicall typically typically
: ypically ; ;
expandable, occurs under a prosthesis may undereo subjected to subjecfed to
nom-aortic load applied be permanently & perpendicularly |perpemdicularly
perpendicular deformed by an permanent applied loads appliefl loads
o1 ox;lascul)ar to the external load deformation. ' '
rqgstheses )
P longitudinal
axis of the
prosthesis.
Applicable
The purpese-of .
Crush resistance |this testis-to because a Not applicable Applicable be- Not applicable
. non-aortic cause an
with radially determine the balloon- because self- aortic balloon- becauge self-
applied load radially applied expandable expanding expandable expanfling
lead at which a rosthesis devices do rosthesis ma devicels do
(bglloon- pre-specified p not typically p y not typically
exmpandable may be be permanently
amount of undergo undergo
endovasculdr permanently deformed by a
permanent permanent X . permanent
prgstheses) deformation deformed by deformation radially applied deformation
0CCUrS aradially ' load. ’
' applied load.
Notappticabte -
The purpose of because Applicable Egzaalf)s%hbcjltl)loi)n- Applicable
this festpis to balloon- because a expandable because an
ial f . expandable non-aortic bz aortic self-
Radial force determine the devices can
. outward force devices can self-expanding exhibit expanding
(self-expanding, as a function of exhibit prosthesis ermanent prosthesis
endovascular the diameter of |Permanent exerts a radial geformation exerts a radial
prostheses) the endovascular deformation outward force which is not outward force
rosthesis which is not against the evaluated b against the
p ' evaluated by vessel wall. hi y vessel wall.
this test. this test.
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8.5.2.5.1 Compression resistance to perpendicularly applied load (self-expanding, non-aortic
endovascular prostheses)

Determine the force at which a pre-specified displacement occurs under a load applied perpendicular
to the longitudinal axis of the prosthesis.

8.5.2.5.2

Crush resistance with perpendicularly applied load (balloon-expandable, non-aortic
endovascular prostheses)

Determine the force at which a pre-specified amount of permanent deformation occurs under a load

applied pe

8.5.2.5.3
prosthese

Determine

8.5.2.5.4

Determine

8.5.2.5.5

Determine

8.5.2.6 K

Determine
endovascu
based on 4

prostheses.

8.5.2.6.1
Evaluate t

resulting f
structures

8.5.2.6.2

Determine
materials.

8.5.2.6.3

pnndir‘n]qr tothe ]nngihl(‘in:\] axisofthe prncfhpcic

Crush resistance with radially applied load (balloon-expandable endovascular

5)
the radially applied load at which a pre-specified amount of permanent deforiation occ

Radial force (self-expanding endovascular prostheses)

the outward force as a function of the diameter of the endovascularprosthesis.

Resistance to kinking (flexibility)

the minimum radius that the endovascular prosthesis;can accommodate without kinkin

ermeability

the porosity, water permeability and/or_water entry pressure, as appropriate to
ar prosthesis. The selection of appropriatetests from those listed below shall be justi
he graft material of construction. Integrsal water leakage is applicable to all endovasc

Integral water leakage

he water leakage between\modular components and through holes in the graft matg
rom the construction of the endovascular prosthesis (e.g. holes created by suturing s
to the graft material):

Porosity (non-textile materials)

the porosity-ef the graft material for an endovascular prosthesis constructed of non-tej

Water entry pressure (non-textile materials)

LIS,

Jd

the
fied
1lar

rial
fent

tile

Determine the pressure required to force water through the graft material of an endovascular

prosthesis

8.5.2.6.4

constructed of non-textile materials.

Water permeability (textile materials)

Determine the water flow rate through the graft material of an endovascular prosthesis constructed
with a water-permeable graft material (e.g. woven graft material).

8.5.2.7 Sizing-related testing

Select the appropriate tests from those listed below to aid in the establishment of the sizing
recommendations for the endovascular prosthesis.
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8.5.2.7.1 Dimensional verification of the endovascular prosthesis

Determine the graft material wall thickness(es) and the endovascular prosthesis dimensions in the
deployed state, including the length(s), outer diameter(s) and all other appropriate dimensions, for
verification to design specifications.

8.5.2.7.2 Implant diameter to balloon inflation pressure (balloon-expandable endovascular
prostheses)

Determine the relationship between the prosthesis diameter and the balloon inflation pressure for

bal nn-pqunﬂnh]n endovascular prncfhpcnc

8.5]2.7.3 Implantlength to diameter relationship (endovascular prostheses that have clinically
rel¢vant length changes with diameter changes)

Determine the relationship between the length and diameter for endovascularprostheses that have
clinfically relevant length changes with diameter changes.

8.5]2.7.4 Recoil (balloon-expandable endovascular prostheses)

Detprmine the amount of elastic recoil (percent of diameter reduction), after the deployment of a
balloon-expandable prosthesis. Recoil shall be considered in thésizing recommendations.

8.5]2.8 Strength

Detprmine the burst strength, factory seam strength, longitudinal tensile strength, strgngth after
repgated puncture and strength of the connection(5):between the graft material and a discr¢te fixation
system(s), as appropriate to the endovascular prasthesis. The selection of appropriate tests ffrom those
list¢d below shall be justified based on the design of the endovascular prosthesis.

8.5]2.8.1 Burst strength

Detprmine the pressurized burst strength of the graft material or alternatively, the burst $trength of
thelentire endovascular prosthesis if processing may reduce the strength of the graft materijal.

8.5)2.8.2 Factory seam strength (endovascular prostheses with seams in the graft material)

Detprmine the tensile~strength of any factory manufactured seams in the graft material. This
reqpirement is not inténded to apply to any connections between stents or between the grdft material
and|a stent or an-attachment system (see 8.5.2.8.5).

8.512.8.3 _‘Longitudinal tensile strength

Detprmiine the longitudinal tensile strength of the graft material.

8.5.2.8.4 Strength after repeated puncture (endovascular prostheses for vascular access)

Determine the strength of the endovascular prosthesis following repeated dialysis-needle punctures
for a prosthesis that will be cannulated to provide blood access for haemodialysis.

8.5.2.8.5 Strength of the connection(s) between the graft material and a discrete fixation
system(s)

Determine the strength of the connection(s) between the graft material and the fixation system(s). This
requirement applies to prostheses with a fixation system that is discrete from any stent(s) intended to
provide structural support within the prosthesis (e.g. suprarenal stent that is not continuous with the
stent(s) in the prosthesis body).
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This requirement is to determine the securement of a fixation system (e.g. suprarenal stent) to the
endovascular prosthesis body and not to evaluate the securement of an active fixation component (e.g.
barb, hook, pin) to the fixation system or graft material. As such, the location or presence of an active
fixation component is not relevant for this requirement.

NOTE The structural integrity of the securement of an active fixation component (e.g. barb, hook, pin) to the
fixation system is addressed in 8.5.2.3.3.

8.5.2.9 Magnetic resonance imaging (MRI) safety

gradient field), evaluate the potential for magnetlcally induced displacement force and torque pnd
RF induced heating of the prosthesis. Determine the appropriate MR safety term (i.e. MRsafe,[MR
conditional] or MR unsafe) as defined in ASTM F2503.

Characterifge the MR image artefact produced by the prosthesis. Describe the location ahd extent of|the
image artefact effect on the ability to visualize the device and adjacent anatomy.
NOTE Vo acceptance criterion is needed for image artefact as the effect of the MR artefact on the usefulpess
of the imagd depends on the MR environment and the anatomical region being imaged-with respect to the location
of the prosthesis. For example, although image artefact associated with an abdominal prosthesis can affecf the
ability to image the lumbar spine, it would not affect the ability to image the head-and neck.

Test methpds for evaluating magnetically induced displacement, {¢orque, RF heating and imaging
artefact cap be found in

— ASTM 2052,
— ASTM 2213,
— ASTM 2182, and
— ASTMF21109.

8.6 Predlinical in vivo evaluation

8.6.1 Purpose

The purpose of preclinical in vivoytesting is to evaluate the deployment of the endovascular prosth¢sis,
the biologifal response of thé-host to the prosthesis and the effect of the implant environment on|the
prosthesis| If the objectiyé-of an animal study can be met through alternative means (e.g. through
reference 1? previously-conducted animal and/or clinical studies), the use of previously obtained data

or other syipportive information shall be justified. The justification should include comment on|the
relevance ¢f any differences between the subject device and the device used in the previous study and
the relevarjce of:any differences in the intended uses.

The principlesyof 8.6 may be applied for the preclinical in vivo evaluation of particular configurations of
prostheses [e.g. fenestrated, branched] and vascular uses other than the treatment of arterial stenoses
and aneurysms. Additional specific aims, endpoints and reporting requirements might be needed to
define an appropriate study.

8.6.2 Specific aims

Specific aims of the study shall be stated in the protocol. More than one study may be used to address
these aims, which can include the following:

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

b) evaluate the handling, ease of use and visualization of the delivery system, and visualization of the
endovascular prosthesis;
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evaluate the accuracy of deployment;

d) evaluate the compatibility of accessory devices with the endovascular system, including balloons

e)
f)

used post-deployment;
evaluate the ability to withdraw the delivery system;

evaluate the functional haemostasis of the delivery system and sheath introducer;

g) evaluate the position, structural and material integrity and patency of the endovascular prosthesis

acutely and at explant;

h) |evaluate histology and pathology of explants and pertinent tissues/organs;
i) |record failure modes, device and clinical effects of failure (see Annex B for potential faijure modes

and effects of failure) and adverse events.
8.6{3 Protocol considerations
Each type of prosthesis shall be tested by implantation at the intended; or an analogous, vgscular site
in alreasonable number of animals for an adequate duration of time fe-accomplish the specjfic aims of
the|study. A control might be appropriate for comparison purpose$. The type and intervald of interim
ass¢ssments shall be specified and justified. As far as permitted/by-the limitations of the animal model,
all devices used should be of clinical quality and size and of th€ design intended for clinical yse.
All fanimals in the study shall be regularly examined. Histological and pathological asspssment of
explants and appropriate tissues/organs shall be completed. If an animal either dies qr must be
sactificed prior to scheduled termination, it shall be subjected to immediate post-mortem efamination.
The cause of death or illness, and the extent to which the implant was implicated, shall be dgcumented.
Infqrmation for all animals implanted with either test or control prostheses, including thode excluded
fromn the final analyses, shall be recorded and-included in the test report.
The design of the preclinical in vivo testing, including the experimental protocol, measurement methods
and| data analysis, shall be documented? In addition, the choice of animal model, such as species, sex,
age| and whether or not a lesion is\created, shall be justified and shall be consistent with the study
obje¢ctives. Implantation shall be.consistent with the recommended deployment instructiomns as far as
permitted by the limitations gf\the animal model.
Apgropriate quality management practices and animal welfare protection measures should lpe followed
in the execution of an animal study.
8.614 Data acquisition
The following minimum data shall be recorded for each animal receiving prosthesis:
a) |identification data:

1 sourceofanimal:

J T

2) animal identification;

3) sex;

4) approximate age;

5) mass;
b) pre-operative data:

1) verification of satisfactory health status;
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2) medication (e.g. prophylactic antibiotics);
c) operative data:

1) date of procedure;

2) name of person(s) performing procedure;

3) prosthesis identification;

4) in situ length of prosthesis;

5) tafgetvessel and prosthesis diameters;
6) logation and length of overlap for overlapping devices;
7) usk of systemic antiplatelet/anticoagulant therapy;

8) aspessment of the ability to access the target vessel location (e.g. pushability, flexibillity,
torquability, trackability);

9) aspessment of the ease and ability to accurately deploy the prosthesis;
10) aspessment of the ability to visualize the delivery system and the‘implant;
11) aspessment of the ability to withdraw the delivery system;

12) aspessment of the compatibility with accessory devices' (e.g. balloons used during or affter
deployment);

13) aspessment of blood loss (e.g. amount and locatien);

14) aspessment of position, conformability, patency and absence of abnormalities (e.g. kipks,
twists, component separation, non-uniforfwexpansion and prosthesis damage) of the implgnt;

15) observed device and clinical effects\of failure and adverse perioperative events, including
seyerity, management and outcome;

16) anly significant deviation frontthe proposed deployment instructions or protocol;
d) post-operative and follow-up data:
1) medications, including-those that affect coagulation;

2) aspessment of structural integrity, patency and position of the prosthesis, including the method
anid date of visualization;

3) oblservedtdevice and clinical effects of failure and adverse events, including date of occurrehce,
seyerityf management and outcome;

4) anysignificantdeviatiom fromT the protocot;
e) termination data:
1) date of sacrifice;
2) name of person(s) performing procedures and assessments;

3) assessment of structural integrity, patency and position of prosthesis, including method of
visualization;

4) gross alteration in the dimensional and physical properties of the prosthesis;

5) histological and pathological assessment of explants and appropriate surrounding and distal
tissues/organs.

20 © IS0 2017 - All rights reserved


https://standardsiso.com/api/?name=eae6b271c3c37671396da5f3767cc9d3

ISO 25539-1:2017(E)

8.6.5 Testreportand additional information

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

The test report shall include the following:

a) study protocol;

b) rationale for selection of the following:

3
2)
3)
4)
5)
6)
7)

animal model;
implantation site;

control for comparison, if applicable;
implantation periods;

methods of assessment;

intervals of observation;

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

c) |summary of results:

)
2)
3)
4)
5)

6)
7)
8)
9)

animal accountability, including rationale for exelusion of data from the primary an
number of animals for which there was succ€ssful implantation of the prosthesis;
operator assessment of ease of deploymaent, visualization and handling;

discussion of appropriateness of sizing and potential impact on study results;

summary of any changes in:position, structural and material integrity and patg
prosthesis;

summary of device and:¢linical effects of failure and adverse events;
summary of early deaths or sacrifices for cause;
significant and/or relevant deviations from protocol;

summaryof pathology and histology of explants and appropriate tissues/organg
represeintative gross photographs and micrographs;

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

11) “conclusions from study;

hlysis;

ncy of the

, including

12) summary of quality assurance and data auditing procedures.

8.7 C(linical evaluation

8.7.1 Purpose

The purpose of clinical evaluation is to assess the safety and effectiveness of an endovascular system.
This evaluation is not intended to demonstrate the long-term performance of the prosthesis. An
investigation should be carried out for each new prosthesis or new clinical application of a prosthesis
using the principles given in ISO 14155, or an equivalent publication. Significant design changes that
can impact safety and performance shall require clinical evaluation if determined to be necessary
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based on an appropriate risk assessment. Additional prosthesis sizes outside the previously evaluated
range might require clinical evaluation.

If an objective of a clinical study can be met through alternative means (e.g. through reference to
previously conducted clinical studies), the use of previously obtained data or other supportive
information shall be justified. The justification should include comment on the relevance of any
differences between the subject device and the device used in the previous study and the relevance of
any differences in the intended uses.

The principles of 8.7 may be applied for the clinical evaluation of particular configurations of prostheses
(e.g. fenestrated, branched) and vascular uses other than the treatment of arterial stenoses and
aneurysmg. Additional specific aims, endpoints, and reporting requirements might be needed to.define
an appropifiate study.

8.7.2 Spgcific aims

Specific aifns of the study shall be based on an appropriate risk assessment for the endevascular system
and stated[in the protocol. The specific aims may include the following:

a) evaluate the effectiveness of the endovascular system, such as the following:
1) a:J[Iity to access the target location with the delivery system;

2) acfuracy of deployment;

3) abjlity to withdraw the delivery system;

4) pgsition, structural and material integrity and funetionality of the prosthesis acutely pnd
over time;

5) legion characteristics (e.g. aneurysm size, restenosis, false lumen perfusion) over time;

6) deyice effects of failure (see Annex B for petential effects of failure);

b) evaluafe the safety of the endovascularsystem, such as the following:
1) clipical effects of failure (see Aftnex B for potential clinical effects of failure);

2) adyverse events.

8.7.3 Prptocol considerations

A multicenftre study shall\be performed at a minimum of three investigational sites. A justification for
the numbef of investigational sites shall be provided.

shall delingaté the appropriate safety (e.g. freedom from major adverse events), effectiveness [e.g.
technical quecess in absence of serious device related events) or combined safety and effectiveness
endpoints (e.g. 30-day mortality for the treatment of dissections) to be measured. Definitions of success
and failure for each endpoint and the duration of follow-up needed to assess each endpoint shall be
specified. A definition for the study success shall also be specified (e.g. meeting both the safety and
effectiveness primary endpoints).

A specific }uestion or set of questions (i.e. hypotheses) shall be defined prospectively. These questijons

A statistical justification for the number of patients studied shall be provided based upon the primary
hypotheses. No investigational site should enrol more that 35 % of the total number of study subjects.

The clinical investigation shall be continued for a minimum of 12 mos for each patient unless a
justification for a different study duration is provided. Patient follow-up intervals shall include a
minimum of a baseline assessment at discharge and an assessment at the specified study duration. A
justification will be required for follow-up intervals. All patients enrolled in the study, including those
excluded from the primary endpoint analyses, shall be recorded and reported. The final report may be
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completed when the required number of patients to test the hypotheses has reached the specified study
duration. The report shall include current follow-up data on all patients. Longer-term patient follow-up
(e.g. 3 years to 5 years after the last prosthesis has been implanted) may be appropriate for the post-
market clinical assessment of device designs with a limited history of clinical use.

A control should be included in the study to appropriately address the questions postulated. 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 (e.g. performance goals).

The study design shall be designated by the following terms:

Thd
for

Pat
pop
agr
util

Def
be {

randomized, multi-arm, -unblinded  study with a CONCUrrent control using an altern
treatment;

non-randomized study with concurrent control;

single-arm study with patient serving as own control (include designed single*arm cros
single-arm study with historical control using patient-level data;

single-arm study with literature control;

single-arm study with performance goals.

'he assessment of the control subjects shall be included.

ulation (i.e. those for whom the implant is intended) and the accessible population (i.e.

zed for recruiting subjects to minimize bias{e.g. encourage sequential enrolment).

nitions, primary and secondary clinical’endpoints, measurement methods and data an
pecified in the clinical protocol. Secofhdary endpoints might include the following:

individual components that make'up any composite primary endpoints;

eversion, twists];

device and clinical effects of failure;
seconddry endovascular procedures;

convérsions to open surgical repair;

htive or no

sover);

protocol may differ between the control group and the tfeatment group. If so, a separafe protocol

ent inclusion and exclusion criteria shall be clearly identified. The criteria shall specify the target

those who

be and are able to participate fully in the study)."An appropriate epidemiological approgch shall be

hlysis shall

technical success [e.g. sucCessful placement of all endovascular graft components at the intended
implantation site(s) with patency and an absence of significant device deformations, e.g. kinks, stent

procedural success {e.g. technical success in absence of serious device-related adverse events at 30 d);

8.7.

: 1. b h ISP | P E h ISP | PR TR
HIUICAUIUITFTCIAdLCU IO LAty (C.g. dlITUl y SITIFTTIdiCU IIIUT Ldlity J,

longer-term outcomes (e.g. 12-month safety data if the primary safety endpoint is at 30 d).

4 Data acquisition

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

a)

identification and demographic data:
1) patientidentification;

2) indication for treatment (e.g. malperfusion, rapidly expanding aneurysm, cr
ischaemia) and associated medical diagnosis (e.g. aneurysm, dissection, occlusion, tr
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b)

24

3) demographics:

5)

i) date of birth;

ii) sex;

iii) weight;

iv) height;

v) race, as appropriate (i.e. when this information can be legally obtained);
name of investigator;

najme of institution;

pre-oplerative data:

rigk factors, such as hypertension, diabetes, coronary artery disease, hyperlipidemia, tobsz
usk, obesity, anaesthesia risk and any other cardiovascular risk factors;

summary of previous vascular interventions at the same or other relevant vascular sites
adjunctive vascular interventions (e.g. carotid-subclavian bypassicaortic vessel debranchi

fluding non-surgical interventions and previously implanted vascular devices (e.g. ste
dovascular prostheses, surgically placed vascular prostheses);

evant medications;

iggnostic criteria:

clinical assessment;

objective assessment of lesion and access vessel characteristics and other relevant fac
(e.g. sizes, neck lengths, extent of dissection, location of primary entry tear, tortuo
angle of seal zones);

ive data:

n:[ne of implanting physician;
dafe

of procedure;

ntification data-for the endovascular prosthesis(es) including model number, imp
iceability, size@nd configuration;

pency of intérvention (i.e. urgent, emergent or elective);

ormatien regarding the procedure (e.g. adjunctive vascular procedures performed, typ
aesthesia, total fluoroscopy time, coverage of main branch vessels);

cco

and

ng),
nts,

LOr'S
bity,

ant

evant medications (e.g. heparin, other anticoagulants);

assessment of technical success;

position of prosthesis (e.g. neck length covered by prosthesis for treatment of aneurysms,
distance from anatomical landmarks);

iy

2)
in
en

3) re

4) di
i)
ii)

operat

1

2)

3) id¢
tra

4) ur

5) in
an

6) re

7)

8)

9)

assessment of prosthesis effectiveness (e.g. endoleaks, including type, location, need for
intervention; residual stenosis; patency);

10) plan for additional procedures to complete the repair (e.g. staged procedure);

For staged procedures, consistent information should be captured for each intervention at the time
of each procedure.
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11) record device and clinical effects of failure and adverse events [see item €)];

12) date of hospital discharge;

d) follow-up:

1)
2)
3)

interval of follow-up (e.g. discharge, 30 d, 12 mos);
date of follow-up visit;

clinical and imaging evaluation:

4)
5)

e) |device and clinical effects of failure, and adverse eventst

iy

2)
3)

f) |secondary procedures associated with the index procedure:

i) clinical assessment;

ii) objective assessment of prosthesis positioning, integrity and effectiveness_and
assessment;

iii) objective assessment of targeted lesion characteristics (e.g. anetirysm size, f

method of

hlse lumen

thrombosis, patency, branch vessel patency, percentage of diameter stenosis) and method

of assessment;
relevant medications, such as anticoagulants or antiplatelets;

record device and clinical effects of failure and adverseevents [see item €)];

type of effect or event, date of occurrence, sevekity, management (e.g. none, medical
secondary endovascular procedure, open S§urgical procedure), outcome (e.g.
resolved, unknown, death);

documentation of prosthesis involvemeat;

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

treatment,
continuing,

nt factors,

1) date;
2) reason for interyention;
3) type of interyention;
4) outcomé€iofintervention;
g) |death:
1) A date;
27— whetherautopsy was performed, amd if 5o, the fimdings;
3) cause of death;
4) whether or not the death was related to the prosthesis or procedure;

h) explant of prosthesis:

1)
2)
3)
4)

date;
whether the subject is living or deceased;
reason for explant;

associated device effects of failure, if applicable;
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8.7.5 Final report

The clinicall report shall include the following:

a)

b)

f)
g)

26

5) relevant observations (e.g. device integrity, device positioning, tissue incorporation, vascular
tissue erosion);

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

3) reason for withdrawal (e.g. lost to follow-up, withdrew consent, removed from study per
physician recommendation).

study protocol, including at a minimum:

1) stJidy description (e.g. study design designation, control arm, number\of sites, numbef of
patients);

2) prjmary and secondary endpoints, hypotheses and definitions of suceess;
3) deffinition of study success;

4) supject population (i.e. selection criteria);

5) follow-up intervals;

6) me¢thods of assessment [e.g. clinical, computed tomography angiography (CTA), magnletic
refonance angiography (MRA), duplex ultrasound];

7) data analysis plan;

8) definitions of technical and procedural success, device and clinical effects of failure pnd
adverse events;

rationgle, based on the risk assessment and questions to be answered, for selection of the followfing:
1) study size;

2) chpice of control;

3) me¢asurement methods;

4) statistical analyses employed;

5) patientfellow-up intervals;

numbdr of patients treated at each investigational site;

follow-up accountability (e.g. numbers of patients eligible for each follow-up interval and the
number with specified follow-up data), including a rationale for the exclusion of data from the
primary endpoint analyses;

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

numbers of devices per patient and sizes of devices used;

significant and/or relevant deviations from protocol;
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results:
1) technical success;
2) procedural success;
3) safety:
i) primary and secondary endpoint outcomes;

ii) summary of peri-procedural (less than or equal to 30 days, or prior to hospital
and late conversions to ﬂan Qnrgprv'

A systematic procedure to review post-market experience gained from implants shall be in
the|principles given in ISO 14630:2012, 7.4 and 1S©'14971, or equivalent publications.

10

End
Req

The

11

11.

End
hav
con

iii) summary of peri-procedural and late deaths;
4) effectiveness:
i) primary and secondary endpoint outcomes;
ii) summary of secondary interventions;
5) summary of explant analyses;

6) conclusions from study, including results of hypothesis tésting and achievement of
defined by the protocol.

Post-market surveillance

Manufacturing

ovascular systems shall be manufactured in such a way that the design attributes ar
uirements are specified in otherrelated International Standards.

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

Sterilization

1 Productssupplied sterile

ovascular/systems shall be labelled “Sterile”, comply with national or regional star
e a sterility assurance level (SAL) of 10-6. Sterilization processes shall be validated an
Lrolled.

discharge)

success as

blace using

b achieved.

dards and
1 routinely

d)

11.

For endovascular systems that are to be sterilized by ethylene oxide, ISO 11135 applies.

For endovascular systems that are to be sterilized by radiation, ISO 11137 (all parts) applies.

For single-use endovascular systems incorporating animal tissue that are to be sterilized using

liquid chemical sterilants, [SO 14160 applies.

For endovascular systems that are to be sterilized by other sterilization processes,
applies.

2 Sterilization residuals

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

12.1 Protection from damage in storage and transport

12.1.1 General

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

12.1.2 Unit container

Each endo
readily apy

12.1.3 Ou

Each unit d
to protect

12.1.4 Sh
Each outer

in a shippi
and storag

12.1.5 Mg

The unit cg
conditions
aseptic ma

The packag
12.2 Labg

12.2.1 Co

Each endoy
the followi

a)
b)
‘)

name,
produ

the m3

arent if the unit container has been opened.

ter container

ontainer shall be packaged in an outer container. This outer container shall’be designed s
he unit container from damage due to storage.

jpping container
container, or a number of outer containers not necessarily ofthe same type, may be pack

h

intenance of sterility in transit

ntainer shall be designed to maintain the sterility of the endovascular system under nom|
of handling, transit and storage, and to pe¥mit the contents to be presented for use i
hner.

ring shall conform to ISO 11607-1.
plling

ntainer label

Fascular system shallbe accompanied by a label(s) on an appropriate container(s). At 1
hg information shall be provided on the label(s):

pddress and/or trademark of the manufacturer;
t name;

terial'of construction and type of construction;

ged
hg container designed to protect the contents under normal ‘conditions of handling, trjnsit

rascular system shall be packaged in a unit container providing a sterile barrier. It shalll be

D as

nal
an

past

d)
€)
f)
g)

the nominal length(s);

the nominal diameter(s);

symbols, in prominent form;

h)
i)
j)

sterile

28

method of sterilization;

lot number;

date of sterilization and/or the expiry/expiration date;

the configuration (see 4.3). A symbol may be substituted for a written description of the prosthesis;

the words “STERILE — DO NOT RESTERILIZE — SINGLE USE ONLY”, or equivalent phrase or
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k) manufacturer’s batch or lot number;
1) awarning against the use of the endovascular system if the package is open or damaged;
m) manufacturer’s recommendations for storage, when applicable.

NOTE If the manufacturer’s batch or lot number [see item k)] and the sterile lot number [see item i)] can be
traced to the same information, only one number needs to be given.

12.2.2 Record label

' [ T ST DT [ [aple 1 [ [ [ attachment
to the records of the patient receiving the prosthesis. The record label shall include.th¢ following
infgqrmation:

a) |manufacturer’s identification;
b) [product name;
c) |manufacturer’s batch and/or sterile lot number;

d) |partor model number (manufacturer’s catalogue number).
12.3 Instructions for use

12.8B.1 General

Thd requirements of ISO 14630:2012, 11.3 shall apply.

12.8.2 Information and instructions for use foer endovascular systems

Each unit container or outer container, 6f“which the contents are identical shall be sugplied with
insfructions for the use (IFU) of the endovascular system or instructions on how to access ar} electronic
version of the IFU. The instruction§ shall include the following information to use the endovascular
propthesis safely and properly, taking into account the training and knowledge of the potentjal users:

a) |name, address and/or trademark of the manufacturer;
b) [product name;

c) |device description‘and materials of construction;

d) |indications for use;

e) |contraindications, cautions and warnings;

f) |potential adverse events;

g) data from clinical studies, if applicable;
h) recommendations for endovascular prosthesis sizing;

i) recommended methods for the preparation of the endovascular system and implantation
techniques;

j)  the statement “STERILE — DO NOT RESTERILIZE — SINGLE USE ONLY” in prominent form;
k) notification of additives and/or leachable components, if applicable;
1) recommendations for storage, if applicable;

m) recommendations for visualization;
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n) MRIsafety information;

0) revision date.
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Annex A
(informative)

Relationship between testing requirements and device attributes
and potential failure modes

General

bench tests
Clause A.2
ice design.
testing to

Tabjes A.3 and A.4 provide the rationale for the requirements specified in this documernt for

and| analyses to assess device performance. The table headings are described inmyTable A.1.
alsq provides guidance on the identification of appropriate testing to evaluate aspecific dev
se A.3, with Tables A.5 to A.7, provides guidance on the identificatiofirof appropriate
uate design modifications and changes in intended use.

ex B provides a description of the potential effects of failure identified in Annex A.

ex C provides a list of the bench tests and analyses, with a description of the purpose of each test,
associated device-related and procedure-related functiods identified in Annex A, and rgference to
appllicable design evaluation sections in this document (Clatse 8) and the applicable test nethods in
AnnexD.

Annex D provides information to consider in developing appropriate bench test and analyticdl methods.

A.2
Ad

Identification of appropriate testing

bvice evaluation strategy (DES) providés the rationale for the evaluation plan for a spegific device

des
relg
pot
and
fail
crit

gn. Identification of the appropriate-testing involves describing each device-related and
ted function needed to achieve thé desired performance, the associated device design fe
bntial specific failure modesdf the function is not attained, how the failures could affect
patients (i.e. the effects pf\failure) and finally, the testing needed to assess the device 4

ire mode. A DES table mayhave column headings as presented and explained in Table A.].

ical functions and faijlure modes that represent the highest risk to patients should be hig

brocedure-
atures, the
the device
ttribute or
The most
hlighted in

the|DES table to providejperspective on the appropriate level of mitigation activities.

Tabjes A.3 and A4 provide the rationale for the requirements specified in this document, including
basjc informatiofi that is applicable to most endovascular prostheses. The device design column is not
included in Tables A.3 and A.4 because these tables provide general information and not design-specific

infqrmation:

ns may be

S s abtes 4 s . ce-specific
DES table w1th these column headers These tables may be modlfled to remove 1nformat10n that is
not applicable for the device being evaluated and to add information specific to the unique design or
intended use of the device. For example, rows that address balloon testing should be removed if there is
no balloon used in the delivery of the device. It may be appropriate to include subcategories of potential
device effects of failure applicable to the device design (e.g. subcategories for “delivery system damage”
to identify the potential types of damage to specific components of the delivery system). The nonclinical
testing column may include bench tests, analyses and information on preclinical in vivo evaluations of
the device as related to the evaluation of a particular function or potential failure mode.

Regarding potential device effects of failure, further categorization is included in Tables A.3 and A.4
to acknowledge that one effect might lead to a subsequent effect of failure. For example, attachment
system disconnection might lead to migration. For this example, attachment system disconnection
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would be listed under “device effects of failure” and migration would be listed under “subsequent
device effects of failure”.

Regarding potential clinical effects of failure, commonly listed groups of clinical effects have been
assigned abbreviations as described in Table A.2. These abbreviations are used throughout this
document to minimize redundancy. “A non-specific clinical event or use of additional devices or
procedures”, designated as ACE4 in Table A.2, is applicable for all potential failure modes, but is not
repeated to decrease redundancy. Although they are known potential clinical effects, “Death” and
“Surgical Conversion” are not listed in the tables because conversion and death are correlated to the
severity of the failure and not helpful in identifying tests to evaluate device function.

To reduce

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

equre

i

related functions are not repeated if covered under previously identified functions (e.g. deploynjent
related failure modes that may affect patency are listed under the device function “abilityto-dep|oy”
and not repeated under “patency”).
Table A.1 +— Table headings and explanations for Tables A.3 and A.4 and for a device-specific DES2
Device design Potential effect(s) of failure
Device/Profedure information Potential failure Device effect(s) of failure Clinical Nogcll_m al
related fundtion(s) (applicable for mode(s) effect(s) evic
a device-specific Initial effect(s) Subsequent of testin
DES table)a effect(s) failure
The key design
feature
characteristics
intended to
provide the
function or to
address or
mitigate the The specific
potential failures that
failure mode. might occur and
could resultin
Optional: consequences The potential
Each individupl provide relevant (effects) to the effect(s) of the
device-related and information about | device or failure mode on
procedure-refated design of the patient if the the device.
function requjred device (i.e. design function is not .
for the devicelto input) that will aid | attained. Device effects of | The potential Th Bench testf
achieve the oyerall in understanding failure describe additional € 1 and analydes
desired the testing selected |NOTE Individual |whathappens device effect(s), p%ter;tla of the devife
performance. to address the fajlure modes to the device as if any, resulting eftehc ) to evaluat
attribute or should be aresult of the from one of the ? il € d the functiqn
NOTE Functipns potential failuré addressed failureand may  |effectslistedin | 2 uhre mo¢e 1and the
should be attifibutes | mode. separately. They be importantto  |the previous onthe potential
of the device pr should be capture, column. patient. failure moble.
procedure angl An example of presented in whether or not
therefore, should relevant separate rows there is an
be stated in tHe information would for an attribute, associated
positive. be.the as they may have clinical effect
ineorporation of different effects of failure.
the design of failure and
characteristic of may be mitigated
controlled release with different
Of Ure proxXintdr testlng_
attachment system
to avoid improper
positioning,
configuration, or
orientation, as this
has been successful
in other devices.

specific DES table.

a The device design column should be included in a device-specific DES table. This column is not included in Tables A.3 and A.4 because these tables
provide general information and not design-specific information.

b This column may also include information on any preclinical in vivo evaluations used to evaluate a particular function or failure mode for a device-
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Table A.2 — Legend for grouped associated clinical effects of failure

ACE1

Migration

ACE2

Prosthesis component

separation

ACE3

Loss of patency

ACE4

Non-specific consequences

— Aneurysm enlargement
— Aneurysm rupture

— Aortic enlargement

— Aneurysm enlargement
— Aneurysm rupture

— Branch vessel loss of

— Amputation
— Ischaemia

— Lumen obstruc-

A non-specific clinical event
or use of additional devices
or procedures

patency

—1
—1
—1
—1

Type I endoleak

schaemia

L,umen obstruction

— Branch vessel loss of patency tion
— Ischaemia — Prosthesis
false lumen patency — Lumen obstruction occlusion
False lumen perfusion | — Type Illa endoleak — Restenosis
— Thrombosis

Table A.3 — Device evaluation strategy for the enndovascular system

Potential effect(s)-offailure

deployment mecha-
nism or procedure

— Deployment sys-
tem failure

— Inability to deploy

D¢vice/Procedure Potential failure Device effect(s) of failure Clinical Nonglinical
ted functi d devide testi
rejated function(s) mode(s) Initial effect(s) Subsequent effe.ct[s) of evide testing
effect(s) failure
Abiljty to access Endovascular — Access failure None — Access vessel — Dimensjonal
system is injury verification
incompatible with |7~ A.ccess.ory . .
accessory devices device failure — Failure to ) — Simulatled use
. complete device
— Delivery system implantation
damage
— Prosthesis damage
Inability to —Aceess failure None — Access vessel — Simulated use
advance . injury .
endovascular — Delivery system — Torsionpl bond
system to damage — Atccess vessel strength
: rupture
targetsite — Prosthesis damage P
— Failure to
complete device
implantation
— Vascular injury-
Delivery system
related
Prosthesis dis- — Prosthesis None — Failure to — Dislodgement force
lodgement from the | dislodgement complete device .
delivery system from the delivery implantation — Simulatled use
system
y — Foreign body
embolization
— Ischaemia
Ability to deploy Inability to — Balloon-related None — Failure to — Force to deploy
activate deployment failure complete device

implantation

— Simulated use
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Table A.3 (continued)

Device/Procedure
related function(s)

Potential failure
mode(s)

Potential effect(s) of failure

Device effect(s) of failure

Initial effect(s)

Subsequent
effect(s)

Clinical
effect(s) of
failure

Nonclinical
device testing

Improper position-
ing, configuration,
or orientation

— Inaccurate
deployment

— Lack of
conformance to
the vessel wall

(o g bhird hpal(ing\

None

ACE3

— Aneurysm
enlargement

— Aneurysm
rupture

— Implant length to
diameter relationship

— Simulated use

— Maldeployment

— Misaligned
deployment

— Aortic
enlargement

— Branch vessel
blockage

— Branch vessel
coverage

— Dissection
creation or
extension

— False lunteit
patency,

—False lumen
perfusion

~ Type I endoleak

— Vascular injury
- endovascular pros-
thesis related

Excessive
balloon
inflation

— Balloon rupture

None

— Branch vessel
thrombosis

— Dissection
creation or
extension

— Foreign body
embolization
(balloon
fragments)

— Restenosis
— Thrombosis

— Vascular injury-
Delivery system

— Vessel rupture

— Balloon pressureffor
non-compliant ballgons

— Balloon volume t
burst for compliant
balloons

Ability to withdraw

Incomplete
balloon
deflation

— Prosthesis
dislodgement

— Migration

ACE1

— Access vessel
injury

— Access vessel
rupture

— Balloon deflation|
time

— Simulated use

— Vascular injury
- delivery system
related

Damage of
implant
components
by other
components

(e.g. delivery
system
snagging on
the prosthesis)

— Prosthesis damage

— Prosthesis
dislodgement

— Migration

— ACE1

— Foreign body
embolization

— Dimensional
verification

— Simulated use
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Potential effect(s) of failure

infection

— Prosthesis infec-
tion

Device/Procedure Potential failure Device effect(s) of failure Clinical Nonclinical
related function(s) mode(s) Initial effect(s) Subsequent effect(s) of device testing
effect(s) failure
Atraumatic Emboli generation |None None — Embolism — None
introduction, .
tracking and — Ischaemia
withdrawal Particulate None None — Adverse — Simulated use
generation biological
response
— Ischaemia
Trauma to None None — Access vessel — Dimensjional
vasculature injury verificatiop
— Access vessel *— Simulated use
rupture
— Unintentional
dissection\Septum
perforatiol
—Vasctlar injury-
Delivery system
related
Delifery system Separation of de- — Delivery system — Deploymerit, — Failure to — Simulatled use
inteprity livery system com- |damage system failtire complete device .
ponents (e.g. bond implantation — Tensilepond
failures, complete Foreion bod strength
tip separation — roreign body ;
psep ) embolization — Torsional bond
strength
— Vascular injury
- delivery system
related
Tubing material — Delivery system — Deployment — Failure to — Simulatled use
failure damage system failure complete device .
implantation — Tensilepond
strength
— Foreign body .
embolization — Torsionpl bond
strength
— Vascular injury-
Delivery system
related
Loss of balloon — Balloon-related None — Failure to — Balloon|rated fatigue
integrity deployment failure complete device
implantation — Balloon|burst
— Balloon rupture pressure fpr
— Foreign body non-compliant
embolization balloons
— Balloon|volume
to burst for
compliantjballoons
Other loss of — Delivery system — Deployment — Failure to — As apprppriate to the
delivery system damage system failure complete device design of the device
integrity implantation
Haemostasis Inadequate None None — Blood loss — Dimensional
haemostasis verification
— Haemostasis
Sterility Non-sterile product | None None — Insertion site — Sterilization assur-

ance
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Table A.3 (continued)

Potential effect(s) of failure

Device/Procedure Potential failure Device effect(s) of failure Clinical Nonclinical
related function(s mode(s device testin
© ©) Initial effect(s) Subsequent effen_:t(s) of &
effect(s) failure
Biocompatibility Non- None None — Adverse — Biocompatibility
biocompatible biological
response
Visualization Inability to safely — All device effects None — All clinical effects | — Visibility
and effectively associated with ac- of failure associated
access.deplov. or cess. deploymentand with inability to
withdraw withdrawal access, deploy, or
withdraw
None None — Inability to mon-
Inadequate visibili- itor the
ty of the prosthesis prosthesis
over time
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Table A.4 — Device evaluation strategy for endovascular prosthesis

Potential effect(s) of failure
Device/Procedure P?;ﬁg?j‘ Device effect(s) of failure Clinical Nonclinical
related function(s) mode(s) Initial effect(s) Subsequent effect(s) of device testing
effect(s] failure
Fixation Excessive radial None None — Dissection — Radial force (self-ex-
effectiveness force creation or panding)
extension
— Erosion leading to
fistula formation
— Vascular
injury-
endovascular
prosthesis related
Inadequate — Migration None ACE1 — Migratjon
fixation . resistancg
— Prosthesis ACE2
component — Radialfforce
separation (self-expgnding)
— Recoil
(balloon-
expandaljle)
— Separaftion
force for
overlappihg
prosthesds
— Strengfh of
the conngction(s)
between the graft
material 4nd a
discrete fjxation
system(s
Progthesis integrity Structural — Delamination — Graft — Aneurysm en- — Fatigu¢ and
failure of dilatation or largement durability
graft material rupture
(includes loss of — Aneurysm rupture
integrity due to — Aortic
any cause, such enlargement
as wear
between — Type IlIb
modular endoleak
components) — Graft dilatation None — Aneurysm en- — Burst dtrength
or rupture largement .. .
— Longitpidinal tensile
— Aneurysm rupture | strength
— Aortic
enlargement
— Graft material None — Type IlIb — Fatigu¢ and
holes endoleak durability
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— Migration

— Supporgstruc-
ture separation

Table A.4 (continued)
Potential effect(s) of failure
Device/Procedure P;’;ﬁﬁ?jl Device effect(s) of failure Clinical Nonclinical
related function(s) mode(s) o Subsequent effect(s) of device testing
Initial effect(s) effect(s) failure
Structural failure of | — Active fixation — Lack of ACE1 — Active fixation
mechanical support | element (hook/barb) |conformance fatigue and
structures or fracture to the vessel durability
fixation wall .
systems ) _ — Computational
(includes loss — Migration analyses
of tmtegTity tue — Support structure — Graft ACET — Computational
to any cause, fracture material holes analyses
such as wear ACE2
between — Lack of ) — Fatigue-and
modular conformanceto |~ Forfelgn_ body durability
components, the vessel wall embolization .
fatigue) ) _ — Type IlIb — Simulated use
— Migration p
endoleak
— Prosthesis o
component sepa- — Vascular injury
ration - endovascular
prosthesis related
— Metallic bond — Attachment ACE1 — Computational
fracture system ) analyses
disconnection — Foreigh body .
embglization — Fatigue and
— Graft Type 11 durability
material holes endoleak — Simulated use

— Strength of the
connection(s) or

bond(s) between th

graft material and
stent(s) or
attachment
system(s)

= @
[e]
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failure of graft
material after
repeated
puncture for
vascular
access grafts

— Graft dilatation or
rupture

Table A.4 (continued)
Potential effect(s) of failure
D(ivictcel/fProcgdure P;’;ﬁzf_?l Device effect(s) of failure Clinical dNo_nclinic?l
related function(s) mode(s) Initial effect Subsequent effect(s) of evice testing
nitial effect(s) effect(s) failure
Loss of — Attachment — Migration ACE1 — Computational
attachment system analyses
between parts disconnection .
of the — Faqgue and
endovascular durability
prosthesis (e.g. — Simulated use
‘UULWCCI[ sldll
material and — Stréngfh of the
mechanical connectidgn(s) or
support bond(s) bptween
structure, the graft material
between stent and the sfent(s)
rings) or attachent
system(s
— Separation of — Graft — Type lIb — Fatigu¢ and
covering from material holes endoleak durability
stent .
— Simulafed use
— Strengfh of the
connectidn(s) or
bond(s) bptween
the graft material
and the sfent(s)
or attachent
system(s
— Suture breaks < Attachment ACE1 — Factor} seam
. system strength
— Graft material tear\} §isconnection — Type IlIb
at seams endoleak — Fatigu¢ and
— Graft durability
material holes .
— Simulafed use
— Migration
g — Strengfh of the
— Support connectidn(s) or
structure bond(s) bptween
separation the graft naterial
and the sfent(s)
or attachent
system(s
— Leakage at None — Aneurysm — Integrgl water
factory seam enlargement leakage
— Aneurysm
rupture
— Aortic
enlargement
— Aortic
rupture
— Type IlIb
endoleak
Structural — Delamination None — Blood loss — Strength after

repeated puncture for
vascular access
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Table A.4 (continued)
Potential effect(s) of failure
D(;vica/fl’rocgdure P;’;ﬁﬁ;?l Device effect(s) of failure Clinical dNo.nclinicgl
related function(s) mode(s) Initial effect Subsequent effe_ct(s) of evice testing
nitial effect(s) effect(s) failure
Corrosion — Active fixation — Lack of ACE1 — Corrosion
element (hook/barb) |conformance
fracture to the vessel ACE2
wall
— Metallic bond — Adverse
fracture — Prosthesis biological
S componentsena- response
— Support structure ‘9 i .
fracture ration — Foreign body
— Migration embolization
— Vascular
injury-
endovascular
prosthesis
related
Adequate Sea Inadequate — Lack of None — False lumen — Leakage at seal one
exclusion of conformance to patency .
the lesion the vessel wall — Simulated use
(e.g. bird beaking) — Fals_e luntel)
perfusiofr
— Typetl
endoleak
Appropriate Inadequate None None ACE1 — Porosity, water
permeability biological . permeability,
incorporation . Prosthesis infec- integral water
due to tion leakage and water
insufficietn_t — Thrombosis entry pressure, as
permeability appropriate
Excessive — Leaking through Nejre — Aneurysm en- — Porosity, water
permeability graft material largement permeability,
or leakage . integral water
— Legkmg through — Aneurysm rupture leakage and water
holes in graft wall — Aortic entry pressure, as
enlargement appropriate
— Aorticrupture
— Type IV endoleak
Modularity ard intend- | Dimensional —Prosthesis None ACE2 — Dimensional
ed overlap mismatch component verification
between separation
implant .
components — Poor apposition
between components
Inaccunateposition- | — Branch vessel None ACE2 — Simulated use
ing.orrientation rosthesis
& Eompression — Branch vessel — Visibility
or kink blockage
__Prosthesis — Branch vessel
component coverage
separation
Separation between | — Prosthesis None ACE2 — Migration
implant components | component resistance
separation
simulated P — Radial force
— Separation force for
overlapping prostheses
— Simulated use
Angulation or kink |— Branch vessel None ACE3 — Resistance to
between prosthesis kinking
implant compression — Branch vessel .
components or kink blockage — Simulated use
— Prosthesis kink — Branch vessel
coverage
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apposition to
vessel wall

— Migration

Table A.4 (continued)
Potential effect(s) of failure
D(ivictcel/fProcgdure P;’;ﬁzf_?l Device effect(s) of failure Clinical dNo_nclinic?l
related function(s) mode(s) Initial effect Subsequent effect(s) of evice testing
nitial effect(s) effect(s) failure
Damage to, — Branch vessel None ACE1 — Fatigue and
obstruction of, prosthesis durability
or movement compression ACE2 .
of implant ) or kink — Branch vessel — Simulated use
component by . blockage
other implant — Prosthesis &
component R 1 1
COIIIPOIICIIt X R DTJITCIT VESSTT
separation coverage
— Graft material holes — Vascular
— Migration tnjury=
endovascular
— Stent or prosthesis
attachment related
system fracture
Appfopriate sizing Excessive — Lack of — Prosthesis kink | ACE3 — Computational
recqmmendations oversizing conformance to ( . analyses
the vessel wall 4 Dls_sectlon . .
(e.g. bird beaking) credtion or — Dimenfional
extension verificatipn
— Prosthesis compres- .
sion or collapse — False lumen — Fatigu¢ and
patency durability
— Graft material .
infolding — False lumen — Implanjt diameter
perfusion to ballooy] inflation
ressure
— Thrombosis P
— Implart length to
— Type I endoleak diamc?ter &
— Vascular relationslip
injury- — Radialfforce
endovascular
prosthesis — Recoil
related .
— Simulafed use
— White
thrombus
formation
Undersizing — Prosthesis — Prosthesis kink | ACE1 — Dimenfional
component verificatipn
separation ACE2 .
— Implarft diameter
— Incomplete to ballooy] inflation

pressure

— Implant length to
diameter frelationship

— Radiallforce
— Recoil

— Migratjon
resistancg

— Simulaked use
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Table A.4 (continued)
Potential effect(s) of failure
Device/Procedure P;)t_(;ntlal Device effect(s) of failure Clinical Nonclinical
lated function(s) arure device testing
e mode(s) Initial effect(s) Subsequent effe_ct(s) of
effect(s) failure
Patency Kinking — Prosthesis kink None ACE3 — Resistance to
. kinking
— Embolism
. — Simulated use
— White
Improper position- |— Lack of None thrombus — Simulated use
ing, configuration |conformance to formation
or orientation the vessel wall
(e.g. bird beaking) For TIPS:
— Maldeployment — Recurrence
of portal
— Misaligned hypertension
deployment
Graft material — Graft material None +— Simulated use
in-folding in-folding
Prosthesis com- — Prosthesis compres- | — Support — Crush resistancg,
pression or collapse |sion or collapse structure compression resist;
fracture ance, radial force, als
appropriate
— Simulated use
Thrombosis dueto |— None None < Amputation — Biocompatibility
material- .
related factors +— Ischaemia
— Limb loss
— Prosthesis occlu-
sion
— Restenosis
— Thrombosis
Branch vessel — Branch vessel pros-’ | None — Branch vessel — Crush resistancg,
prosthesis com- thesis blockage compression resist
pression or kink compression ance, radial force, afs
or kink — Branch vessel appropriate
coverage
. — Resistance to
— Embolism kinking
— Ischaemia — Simulated use
Magnetic resqnance Heating None None — Vascular — MR safety
imaging (MRI) safety injury-
MR related
Lack of gtrality MRI |[None None — Inability to
imaging monitor
prosthesis over
time with MR
imaging
— Inadequate
MR imaging
]\/lnunmnnr £ l\/l-'gv-nh'nn Nona ACE]
implant .
— Prosthesis ACE2
component . .
separation — Dls_sectlon
creation or
extension
— MRrelated

A.3 Identification of appropriate testing for device design modifications and
changes in intended use

Identification of the appropriate testing for device design modifications and changes in intended use

involves identifying the device-related and procedure-related functions that may be affected by each
modification and developing a device evaluation strategy focusing on these functions. This may be
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presented in tabular format, first addressing any design differences and differences in the intended
in vivo environment, followed by a DES table that addresses the device-related and procedure-related
attributes identified in the comparison tables. Examples of these tables are provided in Tables A.5 to A.7.

The tables (e.g. Tables A.5 to A.7) should be complemented by text to explain why other attributes
would not likely be affected by the changes in the device and/or the indications for use.

The testing to be completed on the modified device or for the new intended use and the testing to be
leveraged should also be summarized. This is best presented in tabular format, amending the table in

Annex C to include a column with the rationale for not repeating testing.

Taljle A.5 — Design comparison between a previously evaluated device and the modif]

ied device

Comparison of design feature

brajpching.

fixation system
and additienof a
branch!

associated with
a graft material
include graft
material
processing, graft
weave, graft wall
thickness and
permeability.

mofified device different description of description of related function that
dedign as compared |between the relevant design the design feature |could be affedted by
to the previously previously feature characteristics of  |the design diffference.
evaluated device. evaluated device |characteristics the'modified
and modified of the previously «\|device, including
Exdmples of . . ) .
. device to achieve |evaluated deviée;.r |appropriate
expected benefits : ) . A
; ; the benefit. including quantitative
of design differences 2
; quantitative values.
include reduce Examples of
: . . values as
crofsing profile, design feature ;
; ; appropriate.
imgrove differences
confformability, include graft Examples of
imgrove deployment material, stent design feature
accpracy and material, stent characteristics
incgrporate visceral geometry, active that may be

. . . characteristics Potentially afffected
Devyice design Design (Previousl @Yice/procédure
; reviously ces . -
ratjonale difference evaluated device (Modified device, {ralated functions
name)
name)

State the expected List each design Provide a Provide a List each device-
berlefits of the feature that is detailed detailed related and pfocedure-
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Table A.6 — Indication for use comparison of a previously evaluated device and the study devicea

Comparison of in vivo parameters |potentially affected

Differences in the in vivo

environment

Prior intended
use

New intended
use

device/procedure-related

functions

List each in vivo parameter
associated with the different
intended use (e.g. implant
location, anatomical dimensional

Describe the in
vivo parameter
for the
previously

Describe the in
vivo parameter
for the new
intended use.

Identify each individual device-

related and procedure-related
function that could be affected

by the difference in the in vivo

evaluated
intended use.

requirements, disease state, lesion
type) that may be importantin
assessing device performance.

parameter.

Examples of in vivo parameters
include bloqd vessel sizes,
angulation,|movement, tortuosity,

complianceland flow characteristics.

a  For example, an indication for use change from abdominal aortic aneurysms to thoraco-abdgniinal aneurysms
change of thp minimum proximal landing zone length requirement from 15 mm to 10 mm.

DI a

Table A.7 — Device evaluation strategy for device design modifications and/or changes in

intended use

compared to
the

compared to
the

reflects on

i i — the potential
previously previously !
evaluated evaluated for the device to
device. device. ach{eve the )

desired function,
— the likelihood

of the device to

Device or Relative potential effects of
procedure- failure
related Value of
function that Po_tential Potential Potential _Device de_sign informati(_)n Non_clinical_
could failure modes | jevyice clinical information from previously |device testing
potentially be effects of effects of evaluated device
impacted by failure failure
the differendes
Listeach State the List the List the Discuss the Provide an Identify the bendh
device-relate failures that potential potential relevant explanation tests and analysgs
and procedurg- might occur effect(s) of effect(s)of information regarding how appropriate to
related functipn and could the failure the fajlure considered in information evaluate the
or feature thaf resultin mode on the mede on the the design of the obtained from the |function and the
could be affected consequences device. patients. device to explain  |assessment of the |potential failure
by the (effects) to the . . why the function |previously mode(s), taking
difference(s), ps device or Descrll_)e any Describe . will be evaluated device into consideratign
identified in patient if the pf)tentlal , any potential maintained or is informative. the information
Table A.5 andfor functionisnot | differencein differences improved. available from tHe
A6. maintained or the ty.pe of in the typg For e){ample, previously
improved. severity of and severity ?xplam h{)w the evaluated devicd
the device of the clinical information from
effects of effects of the previously
failure as failure as evaluated device

. L
poseasigngcant

safety risk, or

— the
appropriate
testing to address
the desired
function of the
device (e.g.
information may
be available to
indicate that one
or two tests are
most relevant to
assess a specific
attribute to
predict clinical
performance).
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Annex B
(informative)

Description of clinical and device effects of failure

Table B.1 — Description of clinical effects of failure

Event Description

Adyerse biological response Unspecified clinical adverse event caused by use of a non-biocempatible
material.

NOTE This clinical effect is not commonly reported«ltis often not|possible
to link an adverse event to a particular material. These events are mnitigated
through appropriate biocompatibility testing.

Amjputation Removal of a body part due to a lack of viability caused by ischaemja.

Angurysm enlargement Any enlargement of the diameter or volure-of the aneurysm sac grjeater than
documented measurement error, as determined by contrast-enharjced CT or
other appropriate modality.

An¢urysm rupture Rupture of the treated, native anew'ysm sac.

Ao1ltic enlargement An increase in total aortic diameter greater than documented meagurement
error as compared to the firstpost-implant CT measure using orthdgonal (i.e.
perpendicular to the centerline) measurements after treatment of 4 dissection.

Blopd loss Any blood loss requiring intervention (i.e. transfusion, medical therapy,
surgical repair).

Brdnch vessel loss of patency Reduction of blood flow in a branch vessel.

Branch vessel blockage Complete occlusion of a branch vessel prosthesis caused by prosthe¢sis
kinking er;compression.
Branch vessel coverage Clinically significant, unplanned exclusion of a major branch vesse| by the
endovascular prosthesis.
Branch vessel thrombosis Haemodynamically significant thrombus formation within the lunjen of a
branch vessel endovascular prosthesis.
Dispection creation or Creation or extension of a tear within the vessel wall. A dissection fan
extpnsion propagate antegrade, retrograde or in both directions.
Rrocedural dissectien Creation or extension of a dissection during the endovascular procedure.

Rost-proceduraldissection |Creation or extension of a dissection due to the creation of a new eptry tears
at the margins of the endovascular prosthesis post procedure.

Empolism Migration of intraluminal debris (e.g. thrombus, atheromas materipl) in the
presence of clinical sequelae.
Endoleak Persistence of blood flow abluminal to the endovascular prosthesig.
Typel An endoleak arising at or from a sealing zone (proximal or distal).
Type Ia A Type I endoleak originating from the proximal fixation zone of the
endovascular prosthesis.
Type Ib A Type I endoleak originating from the distal fixation zone of the
endovascular prosthesis.
Type I A Type Il endoleak is caused by retrograde flow from patent branch arteries,
for example, lumbar and intercostal arteries.
Type 111 An endoleak arising from a defect in the graft material or from an inadequate
seal between modular graft components
Type Illa A Type Ill endoleak originating from an inadequate seal between modular
components.
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Table B.1 (continued)

Event Description
Type IlIb A Type Il endoleak originating from a defect in the graft material.
Type IV An endoleak through the graft wall due to graft permeability.

False lumen patency

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

Patent false lumen

Flow present throughout the aortic false lumen in the absence of evidence of
thrombus, within a specific segment of the aorta.

Partially thrombosed false

Thrombus within the aortic false lumen that has a residual patent flow

lumen

channel, within a specific segment of the aorta.

False lumen perfusion (FLP)

Persistence of blood flow into the false lumen from any source after
endovascular treatment of a dissection, analogous to endoleaks for the
treatment of aneurysmes.

Primary
(PIT FLP)

intimal tear

Flow from a proximal aortic source through the primary intimal tear (PIT]
into the aortic false lumen (similar to a Type 1A endoleakaftér treatment o
aneurysms).

=~

Proximal aorta (PA FLP) Flow from an aortic source proximal to the endovascular stent-graft, throygh
an entry tear proximal to the PIT, into the aortic false lumen.
Distal agrta (DA FLP) Flow from an aortic source distal to the endovascular stent-graft, through

fenestrations in the dissection septum, secondary aortic tears or re-entry
points into the aortic false lumen.

Proximal branch (PB FLP) Flow into the aortic false lumen via retrograde flow from aortic arch brangh
vessels.
Distal brjanch (DB FLP) Flow into the aortic false lumenvia retrograde flow from distal branch

vessels in the chest (intercostals), abdomen (e.g. mesenteric, renal) or pelvfs
(iliac).

Failure to ¢
implantatid

n

omplete device

Inability to implant an endovascular graft due to an inability to access the
intended implantation’site or to deploy the prosthesis.

Foreign bogly embolization

Intraluminal migration of a piece or pieces of the endovascular system (e.g
balloon fragmrents, pieces of a delivery system, fragments of the endovascylar
prosthesis).

Inability to
over time

monitor prosthesis

Inabilityxto monitor device integrity and position over time due to an inabiflity
to visualize the device.

Inadequat¢

MR imaging

ot

Inability to obtain quality MR imaging due to distortion or imaging artefad
caused by the endovascular prosthesis.

Insertion s

te infection

Development of an insertion site infection.

Ischaemia Oxygen supply decrease due to inadequate blood supply.

Lumen obsfruction Blockage of the lumen of an endovascular prosthesis by physical (e.g. kink,
twist, collapse, graft material infolding), rather than physiological, means.

Prosthesis fnfection Development of a prosthesis infection.

Prosthesis peclusion Complete blockage of the lumen of an endovascular prosthesis.

Recurrence of portal

Recurrent high blood pressure in the portal venous system.

hypertension

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

Thrombosis Haemodynamically significant thrombus formation within the lumen of the
endovascular prosthesis.

Vascular trauma Injuries to vessels as a result of an endovascular procedure,

Access vessel injury

Injury to a vessel at the access site during the endovascular procedure which
may result in hematoma or false aneurysm formation.

Access vessel rupture

Rupture of an access vessel, including disruption of the vessel during
insertion or removal of the delivery system.
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Table B.1 (continued)

septum perforation

Event Description
Erosion leading to fistula Creation of a fistula caused by erosion of the endovascular prosthesis
formation through the blood vessel and an adjoining structure. The type of fistula
should be specified.
Unintentional dissection Creation of a new entry tear caused by erosion of, or penetration by, the

endovascular prosthesis through the dissection septum,

system related

Vascular injury-delivery Blunt traumatic injury to a vessel during an endovascular procedure,

including dissection and perforation or injury to a vessel due to a delivery

cuctarm orballoag foilrn ool i g vaccal vazall toiieyy thot oo laa j to

Ty O tCTT OT OO O Tt oL C; T CTroa Ot SV oo T vy ottt Tt Jerry crtoto rirety roor

stenosis or restenosis,

Vascular injury-
endovascular prosthesis
reldted

Injury to a vessel related to the presence of the endovasculat\prosthesis
over time, including vessel perforation and rupture.

Vascular injury-MR related |Injury to a vessel due to heating or device movement during MR imjaging.

Vessel rupture

Rupture of a vessel due to excessive ballooning;

White thrombus formation Platelet aggregation as a consequence of high shear stress (e.g. caused by

graft infolding in limbs).

Table B.2 — Description of device effects of failure

Event

Description

Acdess failure

Failure to reach the intended site with the endovascular system due to mejchanical
failure or patient anatomy.

Acdessory device
failure

Inability to use the accessory'device as intended due to mechanical failurg.

Actfive fixation element
(hdok/barb) fracture

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

Balloon rupture

Bursting of a balleen used in the deployment, moulding, or touch-up of an
endovascular-prosthesis.

Atthchment system
disgonnection

Loss of securement of the attachment system to the endovascular prosthekis.

Brgnch vessel
prosthesis
compression or kink

Significant reduction in luminal diameter due to compression or kink. Conftributing
facters may include migration of the main body component and aortic renjodelling.

Delpmination

Separation of layers of the graft material used in the construction of an
endovascular prosthesis.

Delfivery system.damage

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

Deployment failure

Inability to deploy the endovascular prosthesis per the instructions for usg.

Balloon-related
derlloyment failure

Inability to fully deploy the endovascular prosthesis due to balloon failurg.

Deployment system
failure

Inability to deploy the prosthesis at the intended site due to mechanical failure.

Inability to deploy

Inability to deploy the prosthesis at the intended site due to patient anatomy.

Graft dilatation or
rupture

Clinically significant graft dilatation or any graft rupture.

Graft material holes

Holes in the graft material due to suture pull out, suture hole elongation, suture
breaks or wear.

Graft material infolding

Clinically significant infolding of the graft material.

Inaccurate deployment

Improper positioning, configuration or orientation of the endovascular prosthesis
during deployment.
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Table B.2 (continued)

Event

Description

Lack of conformance
to the vessel wall

Incomplete or a loss of apposition of the endovascular prosthesis to the vessel wall
(e.g. bird beaking).

Maldeployment

Asymmetric deployment of the proximal end of a prosthesis (e.g. stent inversion) in
angulated anatomy that could not be corrected prior to completion of the procedure.

Metallic bond fracture

Fracture or breakage of metallic bonds (e.g. welds) between support structure
components.

the deliver

Migration Significant longitudinal movement of an endovascular prosthesis relative to
anatomical landmarks that were determined prior to discharge (€.g. requires
intervention, 21 cm).

Misaligned|deployment |Asymmetric deployment of the proximal end of a prosthesis (e.g. stent inversion) in
angulated anatomy that may be corrected prior to completion of the proeedure.

Poor apposjtion Incomplete apposition between two or more endovascular prosthesesor

between cqmponents components of a modular system.

Prosthesis pomponent |Movement of one or more endovascular components resulting in an inadequate sepl

separation between the components.

Prosthesis Significant reduction in luminal diameter due to compression or collapse.

compressidn or Contributing factors may include excessive oversizingslack of conformance of the

collapse prosthesis to the vessel wall and local compression

Prosthesis damage Damage to the prosthesis incurred during access‘or withdrawal.

Prosthesis Movement of the prosthesis from its intendedXimplantation site during withdrawdl

dislodgemgnt of the delivery system.

Prosthesis Inability to deliver and position an endovascular prosthesis at the intended site dye

dislodgemgnt from to prosthesis dislodgement from the delivery system.

 system

Prosthesis kink Kinking of the endovascular presthesis resulting in a significant reduction in bloojd
flow.

Separation|fof covering |Disconnection between graft material and structural components of the

from stent endovascular prosthesis.

Support stqjucture Fracture or breakdge of the support structure or stent.

fracture

Support stqjucture Separation/between structural components due to suture or metallic bond breaks|

separation

Suture bre:

1 ks

Breakage of sutures that are intended to connect a graft material to the support
striucture of the endovascular prosthesis or sutures that are intended to connect
structural components together.
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Annex C
(informative)

Bench and analytical tests

Table C.1 — Bench and analytical tests

ISO 25539-1:2017(E)

Tegts Purpose of test Device/Procedure |Design Teqt
related function(s) |evaluation' {method
section guidance
Actfive fixation The purpose of this test is to evaluate |Prosthesis integrity [8.5.2:3.3 D.5]2.3.3
fatiigue and the long-term structural integrity of
durfability the securement of the active fixation
components (e.g. barbs, hooks, pins)
to the attachment system (e.g.
proximal stent), and the securement
of the attachment system to the
endovascular prosthesis body when
subjected to cyclic loading conditions.
Axipl fatigue The purpose of this test is to evaluate |Presthesis integrity [8.5.2.3.4 D.5|2.3.4
and durability the long-term structural integrity of . .
the endovascular prosthesis when Appropriate SIZINg
. i ) : recommendations
subjected to cyclic axial loading
conditions.
Balloon burst The purpose of this test is to Ability to deploy 8.5.1.1.1 D.5[1.1.1
prejssure for determine the mean and rated burst Deli ¢
noi-compliant pressure (RBP) of the baleon when |, clivery system
balloons inside of the endovasciilar prosthesis. integrity
Balloon The purpose of this test is to deter- Ability to withdraw [8.5.1.1.2 D.5[1.1.2
deflation time mine the time required to completely
deflate the balleon when inside of the
endovasculay prosthesis.
Baljoon rated The purpese of this test is to Delivery system 8.5.1.1.3 D.511.1.3
fatigue determine the ability of the balloon, |integrity
wheér/inside of the endovascular
ptosthesis, to withstand repeated
inflation cycles to the maximum
recommended pressure or volume,
taking into consideration the number
of inflation cycles expected clinically.
Ballooh'wolume to |The purpose of this test is to Ability to deploy 8.5.1.1.4 D.511.1.4
burrst for compliant |determine the volume required to o1 .
balloons burst a compliant balloon when ASARAC A
inside of the endovascular prosthesis. integrity
Bending fatigue The purpose of this test is to evaluate |Prosthesisintegrity [8.5.2.3.5 D.5.2.3.5
and durability the long-term structural integrity of A . .
. ppropriate sizing
the endovascular prosthesis when dati
subjected to cyclic bending loading recommendations
conditions.
Biocompatibility | The purpose of biocompatibility tests |Patency 8.5.19 See
are included in the ISO 10993- series. |. - ISO 10993- se-
Biocompatibility

ries
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Table C.1 (continued)

verification of

determine the endovascular system

Tests Purpose of test Device/Procedure |Design Test
related function(s) |evaluation |method
section guidance
Burst strength The purpose of this test is to Prosthesis integrity |8.5.2.8.1 D.5.2.8.1
determine the pressurized burst
strength of the graft material, or
alternatively, the burst strength of
the entire endovascular prosthesis if
processing may reduce the strength
of the graftmatertat:
Compressign The purpose of this test is to Patency 8.5.2.5.1 D.5.2.5M1
resistance fo determine the force at which a pre-
perpendicylarly specified displacement occurs under
applied loagl aload applied perpendicular to the
(self-expanding, longitudinal axis of the prosthesis.
non-aortic
endovascular
prostheses
Corrosion The purpose of this assessment is Prosthesis integrity . |8.5:2.1 D.5.2.1
to evaluate the susceptibility of the
metallic materials of the endovascular
prosthesis to corrosion.
Crush resigtance |The purpose of this testis to Patency 8.5.2.5.2 D.5.2.5.2
with determine the force at which a
perpendicylarly pre-specified amount of permanent
applied loafl deformation occurs under a load
(balloon- applied perpendicular to the
expandablg, longitudinal axis of the prosthesis.
non-aortic
endovascular
prostheses
Crush residgtance |The purpose of this test istg Patency 8.5.2.5.3 D.5.2.5.3
with radially determine the radially applied load
applied loafl at which a pre-specified amount of
(balloon- permanent deformation occurs.
expandabld
endovascular
prostheses
Dimensiongl The purpose of this test is for Modularity and 8.5.2.7.1 D.5.2.7.1
verification of verification to design specifications, |intended overlap
the endovapcular |todetermine the graft material wall A . .
prosthesis thickness(es) and the endovascular ppropriate sizing
Y . . recommendations
prosthesis dimensions in the
deployed state, including the
length(s), outer diameter(s) and all
Utllcl CllJlJl UlJl lcltC dilllcllbiullb.
Dimensional The purpose of this test is to Ability to access 8.5.1.2 D.5.1.2

the endovascular |dimensions, for verification to design _Atraumat_lc
e . . introduction,
system specifications, including the useable :
1 . tracking and
ength, profile and all other .
. . . withdrawal
appropriate dimensions.
Haemostasis
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Tests Purpose of test Device/Procedure |Design Test
related function(s) |evaluation |[method
section guidance
Dislodgement The purpose of the testis to Ability to access 8.5.1.3 D.5.1.3
force (pre- determine the force required to
mounted, displace the pre-mounted
balloon- endovascular prosthesis from its
expandable position on the non-expanded
endovascular balloon.
prostheses)
Factory seam The purpose of this test is to Prosthesis integrity |8.5.2.8.2 D.5[2.8.2
strength determine the tensile strength of
(enfovascular any factory manufactured seams in
graﬁs with the graft material. This requirement
seajms in the graft |is notintended to apply to any
material) connections between stents or
between the graft material and a
stent or an attachment system.
Fatjgue and The purpose of the computational Prosthesis integrity |8.5.2.2 D.5}2.2
duifability- analyses is to determine the . N
. . . Appropriate-sizing
computational magnitude and location of the X
. . recommendations
andlyses maximum stresses and/or strains
and fatigue safety factors for each
appropriate loading scenario based
upon the intended clinical
application and device design.
Appropriate computational analysis
tools, such as finite element analysis
(FEA), can be used to calculate-the
stresses and/or strains. The stresses
and/or strains can be compared to
material characteristics to calculate
the fatigue safetyfactor.
Fatjgue and Evaluate the leng-term structural Prosthesis integrity |8.5.2.3 D.5]2.3
duifability-in integrity of-the'endovascular A . -
vitro testing prosthesis‘under cyclic loading ppropriate sizing
Qs o recommendations
X ific con(-iltlons that represent th.e in vivo
(Sep the speci envirenment. This can require
Fatlgue and several different test configurations
Durability tests 5 '
forfthe associated
specific
purlposes.)
Forjce to déploy The purpose of this test is to Ability to deploy 8.5.1.4 D.5{1.4
determine the force to deploy the
endovascular prosthesis under
SHTUated anatomicat Conaitions. At
applicable steps of the deployment
process should be evaluated.
Haemostasis The purpose of this test is to evaluate |Haemostasis 8.5.1.8 D.5.1.8

the ability of any hemostatic seal or
valve in the delivery system to
minimize leakage of blood.
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Table C.1 (continued)

tensile stre

ngth

determine the longitudinal tensile
strength of the graft material.

Tests Purpose of test Device/Procedure |Design Test
related function(s) |evaluation |method
section guidance
Implant The purpose of this test is to Appropriate sizing [8.5.2.7.2 D.5.2.7.2
diameter to determine the relationship between |recommendations
balloon inflation |the prosthesis diameter and the
pressure balloon inflation pressure for
(balloon- balloon-expandable endovascular
expandable prostheses.
endovascular
prostheses
Implant lenfgth The purpose of this test is to Ability to deploy 8.5.2.7.3 D.52%3
to diamete determine the relationship between A . .
relationship the length and diameter for ppropriate sizing
(endovascular endovascular prostheses that have recommendations
prostheses|that clinically relevant length changes
have clinicglly with diameter changes.
relevant lepgth
changes w{}h
diameter changes)
Integral wdter The purpose of this test is to Appropriate 8.5.2.6.1 D.5.2.6.1
leakage evaluate the water leakage between |permeability
modular components and through
holes in the graft material resulting
from the construction of the
endovascular prosthesis (e.g. holes
created by suturing stent structures
to the graft material).
Leakage atfseal This test applies to a device design Adequate seal 8.5.2.4.1 D.5.2.4.1
zone modification that may affect the seal .
zone(s). Approprl_a.te
permeability
Determine the leakage between the
seal zone(s) of the endovascular
prosthesis and a moekartery and
compare the results to those for the
unmodified device} This requirement
can alternatively’be met through
evaluation of Type I endoleaks in a
clinical study.
The&valuation of seal zone leakage
is notnecessary for endovascular
prostheses intended for clinical uses
for which seal zone leakage is
unlikely to occur or would not likely
be associated with adverse clinical
sequelae (e.g. treatment of occlusive
lesions).
Longitudinal The purpose of this test is to Prosthesis integrity |8.5.2.8.3 D.5.2.8.3
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kinking
(flexibility)

determine the minimum radius
that the endovascular prosthesis can
accommodate without kinking.

intended overlap

Patency

Tests Purpose of test Device/Procedure |Design Test
related function(s) |evaluation |[method
section guidance
Magnetic The purpose of MRI safety testingis |Magnetic 8.5.2.9 See
Resonance to evaluate the potential for 1) resonance imaging ASTM F2503,
Imaging (MRI) magnetically induced displacement (MRI) safety ASTM F2052,
safety force and torque; and 2) RF induced ASTM F2119,
heating of the prosthesis and to ASTM F2182,
determine the appropriate MR safety ASTM F2213
term (€. MR Safe, MRComnditionat;, or
MR Unsafe) as defined in
ASTM F2503.
Migration The purpose of this test is to Fixation 8.5.2.4.2 D.5|2.4.2
res|stance evaluate the ability of the effectiveness
endovascular prosthesis to resist A . .
migration when subjected to force ppropriate sizing
. recommendations
or pressure. The evaluation of
migration resistance is not Modularity and
necessary for endovascular intended overlap
prostheses intended for clinical
uses for which migration is unlikely
to occur or would not likely be
associated with adverse clinical
sequelae (e.g. treatment of occlusive
lesions).
Porjosity The purpose of this test is to Appropriate 8.5.2.6.2 D.5[2.6.2
(nop-textile determine the porosity of the permeability
materials) endovascular prostheses
constructed of non-textile matetials.
Radial fatigue The purpose of this test is'to Prosthesis integrity |8.5.2.3.2 D.5[2.3.2
and durability evaluate the long-termn$tructural . -
integrity of the endevascular Appropriate s1zIng
. \ . recommendations
prosthesis when subjected to cyclic
radial loadingiconditions.
Radial force The purpogeof this test is to Fixation 8.5.2.5.4 D.5|2.5.4
(self-expanding determine the outward force as a effectiveness
endovascular function of the diameter of the :
Modularity and
prastheses) endovascular prostheses. .
intended overlap
Appropriate sizing
recommendations
Patency
Reqoil (balloon- The purpose of this test is to Fixation 8.5.2.74 D.5|2.7.4
exfandable determine the amount of elastic effectiveness
endovascular recoil (percent of the diameter A . -
prostheses) reduction), after the deployment of APPREPAAEE STATs
: recommendations
a balloon-expandable prosthesis.
Resistance to The purpose of this test is to Modularity and 8.5.2.5.5 D.5.2.5.5
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Table C.1 (continued)

prostheses for
vascular access)

for a prosthesis that will be
cannulated to provide blood access
for haemodialysis.

Tests Purpose of test Device/Procedure |Design Test
related function(s) |evaluation |method
section guidance
Separation force  |Determine the force required to Fixation effective- 8.5.24.3 D.5.2.4.3
for overlapping separate overlapping endovascular ness
endovascular prostheses or modular components .
; . Modularity and
prostheses (e.g. main body, cuffs, extenders) in intended 1
the deployed state. The evaluation of intended overiap
separation force is not necessary for
ENMdovascurar prostieses mtended
for clinical uses for which
component separation is unlikely
to occur or would not likely be
associated with adverse clinical
sequelae (e.g. treatment of occlusive
lesions).
Simulated yise The purpose of this test is to Ability to access 8.5.1.5 D.5.1.5
evaluate the ability to access, deploy -
and withdraw the endovascular Ability to deploy
system, including pushability, Ability to withdraw
flexibility, torquability, trackablllty Atraumatic
and deployment accuracy using an X X
anatomical model(s) that is (are) 1ntroc_luct10n,
representative of the anatomical trgckmg apd
variation in the intended patient withdraga}
population. This testis also intended |Delivery system
to evaluate the compatibility of the intégrity
endovascular system with accessory s .
devices and to evaluate the rosthesis integrity
occurrence of visible particle Adequate seal
generation associated with access, .
deployment and withdrawal ofthe Modularity and
endovascular system. Additionally, intended overlap
this test is intended to evaluate the Appropriate sizing
conformability of the deployed recommendations
prosthesis to the vessel wall,
positioning (incldirig orientation, if |Patency
applicable) andiabsence of anomalies
(e.g. kinks, €wists, component
separation,\ion-uniform expansion,
prosthesis damage).
Sterilizatiop Sterilization shall be ensured in Sterility 8.5.1.10 See
assurance accordance with appropriate appropriate
Iriternational Standards. Internatiorjal
Standards
Strength afftér The purpose of this test is to Prosthesis integrity |8.5.2.8.4 D.5.2.8.4
repeated determine the strength of the
puncture endovascular prostheses following
(endovascular repeated dialysis-needle punctures
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Tests

Purpose of test

Device/Procedure
related function(s)

Design
evaluation
section

Test
method
guidance

Strength of the
connection(s)
between the graft
material and a
discrete fixation
system(s)

The purpose of this test is to
determine the strength of the
connection(s) between the graft
material and the fixation system(s).
This test applies to prostheses with a
fixation system that is discrete from

Prosthesis integrity

8.5.2.8.5

D.5.2.8.5

ANy STETt(S) IMtended to provide
structural support within the
prosthesis (e.g. suprarenal stent that
is not continuous with the stent(s) in
the prosthesis body).

Additionally, the purpose of this test
is to determine the securement of a
fixation system (e.g. suprarenal
stent) to the endovascular prosthesis
body and not to evaluate the
securement of an active fixation
component (e.g. barb, hook, pin) to
the fixation system or graft material.
As such, the location or presence of
an active fixation component is not
relevant for this test.

Tensile bond
strength

The purpose of this test is to
determine the bond strength of the
joints and/or fixed connectiong;of the
delivery system and to evaluate the
strength of the segments adjacent to
the bonds of the delivery system (e.g.
sheath, tubing), eithef.separately or
concurrently.

Delivery system
integrity

Tornsional bond
strength

The purpose of this test is to
determinethetorque required to
cause failure’of the joints and/or
fixed eenttections in the appropriate
segments of the delivery system (i.e.
joihts and/or fixed connections that
are subjected to torsion during
Clinical use) and to evaluate the
torsional strength of the segments
adjacent to the bonds of the delivery
system (e.g. sheath, tubing), either
separately or concurrently.

Ability to access

Delivery system
integrity

Torsianal Fafignp

The purpose af thistestisto evaluate

Prosthesis Inrpgrihr

85236

D5I2.3.6

and durability

the long-term structural integrity of
the endovascular prosthesis when
subjected to cyclic torsional loading
conditions.

Appropriate sizing

recommendations
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Table C.1 (continued)

Tests Purpose of test Device/Procedure |Design Test
related function(s) |evaluation |method
section guidance
Visibility The purpose of this test is to evaluate |Modularity and 8.5.1.11 D.5.19
the ability to visualize the intended overlap

endovascular system and

endovascular prosthesis using the Visualization

imaging techniques specified in the

instructions for use (IFU).
Water entry pres- |The purpose of this test is to Appropriate 8.5.2.6.3 D.5.2.6.3
sure (non-textile |determine the pressure required permeability
materials) to force water through a non-textile

graft material of an endovascular

prosthesis.
Water The purpose of this test is to Appropriate 8.5.2.6.4 D.5.2.6.4
permeability determine the water flow rate permeability

(textile materials) |through the graft material of an
endovascular prostheses constructed
with a water-permeable graft
material (e.g. woven graft material).
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Annex D
(informative)

Test methods

eneral
enera:

The
per

restilts is also provided. It is recognised that not all the tests described in this annex are appl

Sys
dur

Gui
des
con|
int

It i
sho

As identified in Table D.1, some requirements in the b@dy of this document do not have assc
hod guidance in this annex, as the methodologiés:are better addressed by other standardls (e.g. MRI

met
safd

Modlifications to existing test methods or jnclusion of additional test methods might be r¢
ous endovascular system designs. When identifying testing conditions, attention shoyld be paid

var
to
con

To 4
and
The
acc

NOT
diffi

D.2
As

information included in this annex is intended to provide guidance for preclinicakin v
formed in order to verify the design of the endovascular system. Guidance for reporti

em designs. Itis also recognised that testing intended to ensure that the devicemeets sp¢
ing manufacture may be conducted in a manner other than those outlined\inthis annex.

ance for developing appropriate test methods is included in this~annex allowing fl
gning appropriate methodologies for specific device designs and-indications for use.
Kistency in the testing of devices, use of methods developed based on the steps and concep
his annex is recommended. If alternative methods are employed;'these methods should b

recognised that some tests listed in this annex can be{¢ombined. For combined tests,
11d provide the individual test results for each of the tests listed in this anney, if appropr

ty).

he relevant physiological conditiens: A simulated physiological environment (e.g. a t€
frolled water bath) should be uséd;when appropriate.

nsure valid results, measurement equipment used during testing should have appropriat]
accuracy, and be calibrated or verified against traceable measurement standards, as a
precision and accuracy should be adequate to determine the measured value rela
pptance criteria.

E Although-~this is an informative annex, the use of the terms “should” and “shall” are
brentiate between' considerations and essential components of the methods, respectively.

Sampling

tro testing
hg the test
cable to all
cifications

bxibility in
o enhance
ts outlined
e justified.

the report
iate.

ciated test

bquired for

mperature

e precision
bpropriate.
[ive to the

intended to

h has been

hmpling plan should be used that will ensure that adequate representation of the dat

obt

med I10or eacn characteristic measured. IT should De Vveriried that the design atirio

tes of the

endovascular system are representative of the devices to be released for distribution, including all
sizes, configurations and components.

If the purpose of the test is to evaluate the interaction between modular components or overlapping
prostheses (e.g. separation force for overlapping endovascular prostheses), or if the attribute under
test could be significantly affected by the overlap (e.g. ability to resist kinking), the test articles should
include overlapped components.

The sampling should fully represent the range of device sizes and may not necessarily require the
testing of each size. It may be necessary to conduct an analysis to identify the size(s) of the device with
the greatest potential for failure. A rationale should be provided for sample selection.

Segments or portions of complete prostheses may be used as the test articles, if appropriately justified.
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The need for testing of more than one area in an endovascular prosthesis to ensure adequate
characterization for some parameters (e.g. proximal and distal diameters in a tapered prosthesis,

wall thickness in devices with non-uniform wall thickness) should be considered in establishing
sampling plan.

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

Additional recommendations regarding sampling may be included in individual test methods
appropriate.

the

, as

D.3 Congitioming of testsamples

All sample$ should be subjected to sterilization, including multiple sterilizations, if appropriate, unjess

is provided for use of non-sterilized products.

Samples should be subjected to conditions that are normally encountered that can-affect the
results. Examples of conditioning are preparation of the endovascular system, loading of the prosth

test
PSis

inside the dlelivery catheter, passage through simulated tortuous vasculature, warming of the systeim to

body tempprature and deployment of the prosthesis.

D.4 Repporting
For the puiposes of this annex, reporting relates to requests from aNational Regulatory Authority.

The design| evaluation report should include an appropriate table’of contents and four main section
backgrounf, b) an executive summary, c) individual test summaries and d) appendices that include

5: a)
the

device evaluation strategy and the detailed reports. Pages should be numbered sequentially throughout

the document (including appendices).

a) The bdckground section should describe the device design concept.
cutive summary should include the following:
— adescription of the bench testing and analyses that have been performed;

— a gummary of the device evaluation strategy, including justification for the omission of t
identified in this document;

— a table to summarizé-the testing completed, with the following columns: name of test,
purpose, test sample description, number of samples, acceptance criteria, summary of res
cross references to the test summary and full test report.

c) Individual testsummaries should include the following:

significance of the test results;

pSts

test
ults

— for tests with acceptance criteria, justification for the criteria, or
— for characterization tests, an explanation of the relevance of the results.
d) Individual test reports should include the following information:

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

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

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

— acceptance criteria, if applicable: state the criteria for the test results, including justification
and/or clinical relevance;

Clinical applicability of the acceptance criteria shall take into consideration the anatomical and
physiological conditions of the intended use.

— testmethod: describe in detail the method used to perform the test, including any prospectively
defined inspection procedures, and provide a justification for relevant test parameters;

D.j Test method development guidance

— protocoldeviations: describeany deviationsand their potential significance ontheint¢rpretation
of the results;

— expression of results: report testing results expressed in units as indicated in the tejst method;

— conclusions: state conclusions, based on comparing results to acceptanee criteria orfprovide an
explanation of the relevance of the results for characterization tests'and, if approprifte, include
a discussion on the potential clinical significance of the results.

Thi} clause lists guidelines for tests where appropriate. An index of test methods is given in [lable D.1.

Table D.1 — Index of test methods

Design Tests Annex D
evpluation subclause
dection
8.5[1 Endovascular system D.5.1
8511 Balloon testing D.5.1J1
§.5.1.1.1 Balloon burst pressur€ for non-compliant balloons D.5.1J1.1
8.51.1.2 Balloon deflation times D.5.141.2
4.5.1.1.3 Balloon rated fatigue D.5.141.3
85114 Balloon volumé to burst for compliant balloons D.5.1]1.4
8/5.1.2 Dimensienalverification of the endovascular system D.5.1)2
8J/5.1.3 Dislodgement force (pre-mounted, balloon-expandable endovascular D.5.113
prostheses)
8.14 Earce to deploy D.5.14
8/5.1.5 Simulated Use D.5.1/5
8/5.1.6 Tensile bond strength D.5.1)6
80y Torsional bond strength D.5.1)
8.5.1.8 Haemostasis D.5.1.8
8.5.19 Biocompatibility See
IS0 10993-1
and other
appropriate
parts
8.5.1.10 Sterilization assurance See
appropriate
International
Standards
8.5.1.11 Visibility D.5.19
8.5.2 Endovascular prosthesis D.5.2
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Table D.1 (continued)
Design Tests Annex D
evaluation subclause
section
8.5.2.1 Corrosion D.5.2.1
8.5.2.2 Fatigue and durability — Computational analyses D.5.2.2
8.5.2.3 Fatigue and durability — in vitro testing D.5.2.3
.5.2.3.1 General D.5.2.3.1
8.5.2.3.2 Radial fatigue and durability D.5.2.32
8.5.2.3.3 Active fixation fatigue and durability D.5.2.3.3,\/\
8.5.2.3.4 Axial fatigue and durability D.5.2‘§'§) )
8.5.2.3.5 Bending fatigue and durability D.5!2, :3‘.’5
8.5.2.3.6 Torsional fatigue and durability 5.2.3.6
8.5.2.4 Fixation and Seal _¢~D.5.2.4
8.5.2.4.1 Leakage at seal zone f-\‘ V" |p5.2.41
8.5.2.4.2 Migration resistance \@V D.5.2.4.2
8.5.2.4.3 Separation force for overlapping endovascular prostheses (-S\\ N D.5.2.4.3
8.5.2.5 Patency-related tests /\<( - D.5.2.5
8.5.2.5.1 Compre_ssion resistance to perpendicularly applied loadQ}h)-expanding, D.5.2.51
non-aortic endovascular prostheses) N
8.5.2.5.2) Crush resistance with perpendicularly applied loadsﬁf?illoon-expandable, D.5.2.5.2
non-aortic endovascular prostheses) \}(\Q
8.5.2.5.3] Crush resistance with radially applied load @h’(‘mn-expandable D.5.2.5.3
endovascular prostheses) @
8.5.2.5.4 Radial force (self-expanding endovascﬂﬁbrostheses) D.5.2.5.4
8.5.2.5.5 Resistance to kinking (flexibility) \L\’V D.5.2.5.5
8.5.2.6 Permeability R\ D.5.2.6
8.5.2.6.1 Integral water leakage . D.5.2.6.1
8.5.2.6.2 Porosity (non-textile n}a\w\s\fals) D.5.2.6.2
8.5.2.6.3] Water entry pressun€ (non-textile materials) D5.2.6.3
8.5.2.6.4 Water permeab,il@(‘textile materials) D5.2.6.4
8.5.2.7 Sizing-relate(}ﬁ\.@ng D.5.2.7
8.5.2.71 Dimensig\x@?érification of the endovascular prosthesis D.5.2.71
8.5.2.7.2 Impla iameter to balloon inflation pressure (balloon-expandable D.5.2.7.2
enq@) cular prostheses)
8.5.2.7.3 Wavnt length to diameter relationship (endovascular prostheses that have |D.5.2.7.3
clinically relevant length changes with diameter changes)
8.5.2.74 b Recoil (hn]]nnn-pypan‘lnhlp endovascular prncfhpcpc)
8.5.2.8 Strength .5.2.
8.5.2.8.1 Burst strength D.5.2.8.1
8.5.2.8.2 Factory anastomotic strength (endovascular grafts with seams in the graft |D.5.2.8.2
material)
8.5.2.8.3 Longitudinal tensile strength D.5.2.8.3
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Table D.1 (continued)

Design Tests Annex D
evaluation subclause
section
8.5.2.84 Strength after repeated puncture (endovascular prostheses for vascular D.5.2.8.4
access)

8.5.2.8.5 Strength of the connection(s) or bond(s) between the graft material and the |D.5.2.8.5
stent(s) or attachment system(s)

8.5.29 Magnetic Resonance Imaging (MRI) safety See

International
Standards

D.5.1 Endovascular system

Thip subclause describes testing that includes the endovascular system, thevdélivery syst¢m without
thelendovascular prosthesis and balloons integral to the endovascular syStem and accessory balloons
usef to achieve adequate apposition of the prosthesis.

D.5|1.1 Balloon testing

The following tests apply to balloons integral to the endovascular system and accessory balloons used
to alchieve adequate apposition of the prosthesis.

D.5|1.1.1 Balloon burst pressure for non-compliant balloons

D.5{1.1.1.1 Purpose

The purpose of this test is to determine the'mean and rated burst pressure (RBP) of the bajloon when
inside of the endovascular prosthesis.

D.5}1.1.1.2 Materials
The following materials apply:

— |endovascular system~for devices with balloons integral to the system or endovascular|prosthesis
and balloon cathetes for balloons that are not integral to the system;

— |recommended guide wire or equivalent;
— |temperatuve controlled water bath (37 £ 2) °C;
— |fluidfor inflation (e.g. room temperature water);

— |leak detection mechanism (e.g. dye in the test fluid, pressure drop monitor, flow rate mdnitor);

— inflation device, syringe or equivalent, fitted with a means of measuring pressure and capable of
maintaining the inflation pressure;

— timer with an accuracy of #1 s.

D.5.1.1.1.3 Sampling

Sampling shall be in accordance with D.2.

D.5.1.1.1.4 Conditioning

Conditioning shall be in accordance with D.3.
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D.5.1.1.1.5

Developat

Test method

est method based on the following steps:

a) For balloon expandable endovascular prostheses, submerge the endovascular system in the water
bath and complete any pre-balloon inflation steps per the IFU.

For self-expanding endovascular prostheses, submerge a deployed endovascular prosthesis in the
water bath, insert the guide wire and advance the balloon over the guide wire into the endovascular

prosth

esis.

An en

b) Initiat

1 de. 1 e | 1 4] | 1 4] . . 4=l 4= 1 4]
UvdsLUuldl SySLTHIIIIdy DT USTU LU UTPIUY LIIT TIIUUVASTLULAD PIUSUITSIS TIT LT VWAl UdUll.

e inflation of the balloon, bringing the balloon to the nominal inflation pressure.

c) Incrementally increase the pressure and hold the pressure for a minimum of 10 's. after dach

incren
d) Monitd

e) Repeaf
failure

f) Record
ruptu

g) Calcul
testing
burst 4

Using a ong

RBP =]

where
X s
SD is

K is
tal

P 09

C 09

ent.
r the system after each incremental increase for any persistent leak or décrease in press

steps c) and d) until a persistent leak or decrease in pressure is,detected, whether du
of the balloon, shaft or proximal or distal seals.

e (including orientation of rupture) or fragmentation].

hte the rated burst pressure. The rated burst pressure {RBP) is based upon the results of
that shows statistically with at least a 95 % confidence that 99,9 % of the balloons will
t or below this pressure. The RBP can be calculated in the following manner.

b-sided tolerance limit for a normal distributijon:

K - K(SD) (

the mean balloon burst pressure;
rhe standard deviation ofballoon burst pressure;

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

99 (99,9 Yreliability);
5 (95% confidence);

N is

i number of balloons tested.

Lire.

E to

| the burst pressure and describe the location and failuré,mode [e.g. seal leaks, balloon

this
not

D.1)

D.5.1.1.1.6 Expression of results

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

D.5.1.1.1.7 Testreport

The test report shall be in accordance with D.4 and shall include the mean burst pressure (MBP),
the calculated RBP, the maximum, minimum and standard deviation of the burst data and observed
failure modes.
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D.5.1.1.2 Balloon deflation times

D.5.1.1.2.1 Purpose

The purpose of this test is to determine the time required to completely deflate the balloon when inside
of the endovascular prosthesis.

D.5.1.1.2.2 Materials

The following materials apply:

— |endovascular system for devices with balloons integral to the system or endovascular|prosthesis
and balloon catheter for balloons that are not integral to the system;

— |recommended guide wire or equivalent;
— |temperature controlled water bath (37 £ 2) °C;
— |contrast medium or equivalent fluid, in accordance with the instructions for use (IFU);

— |inflation device, syringe or equivalent, fitted with a means of measuring pressure or voljime, and of
maintaining the inflation pressure or volume;

— |timer with an accuracy of #1 s.

D.5{1.1.2.3 Sampling

Sanppling shall be in accordance with D.2.

D.5|1.1.2.4 Conditioning

Conditioning shall be in accordance with D:3.

D.5{1.1.2.5 Test method
Develop a test method based ofiithe following steps:

a) |For balloon expandable-endovascular prostheses, submerge the endovascular system i the water
bath and complete-any pre-balloon inflation steps per the IFU.

For| self-expanding.éndovascular prostheses, submerge a deployed endovascular prosthgsis in the
watler bath, inseft the guide wire and advance the balloon over the guide wire into the endovascular
propthesis.

An ¢ndovascular system may be used to deploy the endovascular prosthesis in the water bath.

b) [Inflate the balloon in accordance with the IFU.

c) Deflate the balloon in accordance with the IFU and record the time it takes to deflate the balloon.

D.5.1.1.2.6 Expression of results

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

D.5.1.1.2.7 Testreport

The test report shall be in accordance with D.4 and include the maximum, minimum, mean and standard
deviation of the balloon deflation time. The definition of the deflation endpoint and the fluid used for
inflation shall also be reported.
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D.5.1.1.3

Balloon rated fatigue

D.5.1.1.3.1 Purpose

The purpose of this test is to determine the ability of the balloon when inside of the endovascular
prosthesis to withstand repeated inflation cycles to the maximum recommended pressure or volume,
taking into consideration the number of inflation cycles expected clinically.

D.5.1.1.3.2 Materials

The follow

— endov

g TITateTats apply:

iscular system for devices with balloons integral to the system or endovascular presth

and baflloon catheter for balloons that are not integral to the system;

— recom

— tempe

mended guide wire or equivalent;

rature controlled water bath (37 * 2) °C;

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

— leak d¢tection mechanism (e.g. dye in the test fluid, pressure drop monitor, flow rate monitor);

— inflati
capabl

bn device, syringe or equivalent, fitted with a means of nieasuring pressure or volume
e of maintaining the inflation pressure or volume;

— compliant tube (with a clinically relevant compliance) of a*diameter which represents the lar

recom
movin

mended vessel diameter for the prosthesis undertest if necessary to keep the prosthesis f
b excessively during the inflation cycles;

— timer yith an accuracy of #1 s.

D.5.1.1.3.3 Sampling

Sampling s

hall be in accordance with D.2.

D.5.1.1.3.4 Conditioning

Conditioni

ng shall be in accorddnee with D.3.

D.5.1.1.3.§ Test method

Develop a flest method’based on the following steps:

a) For bdlloon_expandable endovascular prostheses, submerge the endovascular system in

water
as app

bath and deploy the endovascular prosthesis in the water bath or in the compliant t

PSis

and

pest
fom

the
ibe,

ropriate, inflating the balloon using a clinically relevant rate, to the maximum pressur

£ Or

volume as indicated in the instructions for use (IFU), for a minimum of 10 s or for the length of time

stated

in the IFU.

b) For self-expanding endovascular prostheses:

1) submerge the deployed endovascular prosthesis in the water bath or in the compliant tube, as

ap

propriate;

An endovascular system may be used to deploy the endovascular prosthesis in the water bath.

2) insert the guide wire and advance the balloon over the guide wire into the endovascular

pr

64

osthesis;

© ISO 2017 - All rights reserved


https://standardsiso.com/api/?name=eae6b271c3c37671396da5f3767cc9d3

ISO 25539-1:2017(E)

3) inflate the balloon using clinically relevant rates to the maximum pressure or volume, as
indicated in the instructions for use (IFU), for a minimum of 10 s or for the length of time stated
in the [FU.

c) Deflate the balloon.

d) Repeat steps a) and b), with the balloon inside of the endovascular prosthesis, a clinically relevant
number of inflation cycles.

The number of inflation cycles may be more than the number expected clinically in order to provide
an appropriate factor of safety.

e) |If any persistent leak or decrease of pressure or volume occurs during testing, record the number
of cycles and the mode of failure [e.g. seal leaks, balloon rupture (including orientation pf rupture)
or fragmentation]. Any such leak or decrease in pressure due to failure of the ballodn, shaft or
proximal or distal seals should be considered a failure in this test.

D.5|1.1.3.6 Expression of results

Thg maximum inflation diameter, pressure or volume used shall be_expressed with diameter in
millimetres (mm), pressure in atmospheres (atm) or volume in millilitres (ml).

D.5|1.1.3.7 Testreport

The test report shall be in accordance with D.4 and shall include the number of cycles spccessfully
conppleted, the maximum number of cycles expected elinically, any observed failure modes and the
maximum inflation diameter, pressure or volume. The selected tube diameter(s), if used for testing,
shall be justified.

NOTE Additional information can be found in 1SO 10555-4.
D.5|{1.1.4 Balloon volume to burst foricompliant balloons

D.5{1.1.4.1 Purpose

The purpose of this test is todetermine the volume required to burst a compliant balloon when inside
of aph endovascular prosthesis.

D.5/1.1.4.2 Materials
The following materials apply:

— |endovascular system for devices with balloons integral to the system or endovljascular
prosthesis and balloon catheter for balloons that are not integral to the system;

— |reeommended guide wire or equivalent;

— temperature controlled water bath (37 £ 2) °C;
— fluid for inflation (e.g. room temperature water);
— leak detection mechanism (e.g. dye in the test fluid, pressure drop monitor, flow rate monitor);

— inflation device, syringe or equivalent, fitted with a means of measuring volume and capable of
maintaining the inflation volume;

— timer with an accuracy of 1 s.

© IS0 2017 - All rights reserved 65


https://standardsiso.com/api/?name=eae6b271c3c37671396da5f3767cc9d3

ISO 25539-1:2017(E)

D.5.1.1.4.3 Sampling

Sampling shall be in accordance with D.2.

D.5.1.1.4.4 Conditioning

Conditioning shall be in accordance with D.3.

D.5.1.1.4.5 Test method

Develop a testmethad based onthe Fn"r\uring cfnpc-

a) Forba
bath a

For sel
water

loon expandable endovascular prostheses, submerge the endovascular system in thesw
nd complete any pre-balloon inflation steps per the IFU.

f-expanding endovascular prostheses, submerge a deployed endovascular ptosthesis in|
bath, insert the guide wire and advance the balloon over the guide wire intg-the endovasc

prosthesis.

An end

b) Using
hold t}

ovascular system may be used to deploy the endovascular prosthesis-in the water bath.

hn inflation rate simulating clinical use, inflate the balloon to the diameter of the tube
e diameter for a minimum of 10 s. Record the volume (V).

hter

the
ilar

and

c) Incrementally, increase the volume and hold the volume for a minimum of 10 s after each increment.

d) Monitg

e) Repeaf
due to

f) Recorg
fragmsg

D.5.1.1.4.6

Volume sha

D.5.1.1.4.7

The test rq
standard d
failure loc4

D.5.1.2 D

r the system after each incremental increase for anypersistent leak or decrease in volur
steps c) and d) until a persistent leak or decrease of volume or pressure is detected, whef

failure of the balloon, shaft or proximal or distal seals.

bntation, seal leaks, balloon rupture (including orientation of rupture)].

Expression of results

11l be expressed in millilitres:{ml).

Test report

port shall be in‘gcordance with D.4 and shall include the maximum, minimum, mean
eviation of the volume at the specified diameter, the volume at failure and the obser
tion and failure mode(s).

imensional verification of the endovascular system

the volume at burst (V3), describe the, location of the failure and the failure mode Je.

and
ved

D.5.1.2.1

I lirpu.)c

The purpose of this test is to determine the endovascular system dimensions for verification to design
specifications including the useable length, profile and all other appropriate dimensions.

NOTE Measure the delivery system with the endovascular prostheses loaded on the system. See D.5.2.7.1 for
dimensional verification of the endovascular prosthesis.

D.5.1.2.2

Materials

The following materials apply:

— endovascular system;
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— equipment for establishing the profile of the endovascular system:

— measuring equipment for diameters (e.g. micrometer, optical profile projector, laser-
micrometer);

— appropriate profile hole gauges;

— measuring equipment for length.

D.5.1.2.3 Sampling

Sanfipling shall be In accordance with D.Z. The sampling plan shall include each type ¢f modular
conjponent unless justification is provided for exclusion of a component(s).

D.5|1.2.4 Conditioning

Conditioning shall be in accordance with D.3.

D.5|1.2.5 Test method
Develop a test method based on the following steps:
a) |Establish the profile of the endovascular system using one-of the following methods:

1) measure the maximum outer diameter of the endovascular system using the qppropriate
measuring instrument, or

2) verify that the outer diameter fits through theappropriately sized profile hole gaug

1%

It is only necessary to evaluate the region of the endovascular system intended td be passed
through the specified introducer sheath. Consideration should be given to the p¢tential for
asymmetry.

b) |Measure the length of the endovaseular system using an appropriate measuring instrjiment. It is
only necessary to measure the'région of the endovascular system intended to be pass¢d through
the introducer sheath.

c) [Measure all other appropriate dimensions.

D.5/1.2.6 Expressionof results

Lenfgth shall be expressed in centimeters (cm). Other dimensions shall be expressed in millimgtres (mm).

D.5|1.2.7 Testreport

The test report shall be in accordance with D.4. The test report shall include the maximum, minimum,
megnand standard deviation of all measured dimensions and the results of any verified dimensions
(e.g. pass-through hole gauge).

NOTE Additional guidance can be found in ASTM F2081.
D.5.1.3 Dislodgement force (pre-mounted, balloon expandable endovascular prostheses)

D.5.1.3.1 Purpose

The purpose of the test is to determine the force required to displace the pre-mounted endovascular
prosthesis from its position on the non-expanded balloon.
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D.5.1.3.2

Materials

The following materials apply:

— endovascular system;

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

— afixture that allows the endovascular prosthesis to be removed from the balloon, while minimizing
interaction between the balloon and the fixture;

— Trecom

— tempe
that ary

D.5.1.3.3

Sampling
component

D.5.1.3.4

Conditioni
tortuous a

D.5.1.3.5

Develop a t
a) insert
b) secure
c) attach

d) activat

mended guide wire or equivalent;

rature controlled environment (37 + 2) °C for endovascular systems with materialfropen
e sensitive to changes between ambient and physiological temperatures.

Sampling

hall be in accordance with D.2. The sampling plan shall include"each type of mod
unless justification is provided for exclusion of a component(s).

Conditioning

ng shall be in accordance with D.3 and shall include precénditioning and tracking throu
hatomical model using appropriate accessory devices, (¢:g. introducer sheath).

Test method

est method based on the following steps:

the guide wire into the endovascular system;

the endovascular prosthesis in the.gripping fixture;

the tip or the shaft of the delivery system to the other grip of the testing system;

e the test system to separate the endovascular prosthesis from the delivery system usi

constant crosshead speed (g:g..200 mm/min);

e) record
distan
f) repeat
both p

D.5.1.3.6

the peak force needed to move the endovascular prosthesis beyond a pre-specified crit
Ce (e.g. the margin of the balloon);

roximalkand distal dislodgement forces).

ties

1lar

vh a

g a

ical

steps a) tove), using a new sample, reversing the direction of load application (i.e. evaljiate

Expression of results

Force shall

D.5.1.3.7

be expressed in Newtons (N).

Test report

The test report shall be in accordance with D.4 and include the maximum, minimum, mean and standard
deviation of the peak force, for both proximal and distal directions.

NOTE Additional guidance can be found in ASTM F2394.
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1.4 Force to deploy for self-expanding endovascular prostheses

1.4.1 Purpose

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

D.5.

1.4.2 Materials

The following materials apply:

D.5

D.5.

endovascular system;

accessory devices necessary to accomplish deployment in accordance with the]instr
use (IFU);

anatomical model that includes a delivery pathway and a deployment decation. The

Lictions for

hingulation,

tortuosity and diameter of the intended implant location and delivery, pathway (includling access

pathway) of the model should be representative of a challenging anatentical configurati

D11}

An assessment of the parameters that affect the force to depley~a’particular system design shall

be considered in designing an appropriate anatomical model. Literature and patier
appropriate sources to identify challenging anatomy. The-litits set in the IFU regardir
are also important to consider when selecting the anatomical model (e.g. neck angy
length). Selection of the model material and model geometry should take into consid
compliance of the vasculature being represented bj~the model. The expected respons
vivo vessel to the insertion of accessory devicés (e.g. guide wire, introducer sheat
endovascular system and the friction associated-with the model material should also be
in selecting the model material and any testfluid.

force measuring mechanism (e.g. force gauge, mechanical testing system);
gripping fixture;

temperature controlled environment (37 * 2) °C.

1.4.3 Sampling

pling shall be in accerdance with D.2. Endovascular systems to be tested should be rep
e devices that have’the potential for the highest deployment force (e.g. greatest bulk
th or cover, highest compression ratio). The effect of diameters and lengths should be

t data are
g anatomy
lation and
bration the
e of the in
h) and the
considered

Ffesentative
within the
taken into

ideration in/the selection of devices for testing. The sampling plan shall include edch type of

ular compenent unless justification is provided for exclusion of a component(s).

1.4:4/ Conditioning

1.4.5 Test method

Develop a test method based on the following steps:

a)
b)
c)
d)

Prepare the endovascular system per the IFU.
Insert the endovascular system into the anatomical model.
Attach the deployment mechanism to the load measuring equipment.

Allow the device to stabilize at physiological temperatures.
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e)

measu

ring the force to deploy the prosthesis.

Initiate and complete the deployment, per the IFU at a rate that simulates clinical use while

If multiple mechanisms are required for deploying a prosthesis (e.g. tether wire release, sheath pull
back), the force to deploy should be measured for each of these relevant deployment steps.

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

D.5.1.4.6

Expression of results

For each deployment mechanism, the maximum force required to deploy the prostheses is recorded

in Newton|
buckling) f

D.5.1.4.7

Test repor
standard d
a descripti
and constr;

D.5.1.5 §

D.5.1.5.1

The purpo
system, in
anatomica
population
accessory
endovascu
of anomali

D.5.1.5.2
The follow
endov

access
use (1
prost

anator
tortuo

S (N) or Newton-meters (N-m), as appropriate. Record any anomalous observations
or each test sample.

Test report

t shall be in accordance with D.4 and shall include the, maximum, mifiimum, mean

pn of and justification for the anatomical model used (e.g. angulation, tortuosity, diam
Liction material of the model).

imulated use

Purpose

se of this test is to evaluate the ability to accesspydeploy and withdraw the endovasc
luding pushability, flexibility, torquability, trackability and deployment accuracy, using
model(s) that is (are) representative of thetanatomical variation in the intended pat
. This test is also intended to evaluate theeompatibility of the endovascular system v
Hevices. Additionally, this test is intended to evaluate the conformability of the deplo
ar prosthesis to the vessel wall, positioning (including orientation, if applicable) and absg

Materials
ng materials apply:
iscular system(s), including all components of the implant (e.g. main body, limbs, extende

bry devices necessary to accomplish deployment in accordance with the instructions
U) (e.g. guide-wire, introducer sheath, balloons used to achieve adequate apposition of
sis);

hical imoedel that includes a delivery pathway and a deployment location. The angulaf
citytand diameter of the intended implant location and delivery pathway (including ac

pathw

s (e.g. kinks, twists, component separation, non-uniform expansion, prosthesis damage).

e.g.

and

eviation of the deployment forces and any anomalous observations. The report shall include

bter

1lar
b an
lent
vith
yed
nce

ion,
Cess

v}of the model should be based on the expected anatomy in the intended patient popula

fion

and can include three-dimensional tortuosity. Multiple models with varied anatomy or materials of
construction might be necessary to sufficiently challenge the relevant characteristics of the device.

Literature and patient data are appropriate sources to identify the expected anatomy. The limits
set in the instructions for use regarding anatomy are also important to consider when selecting the
anatomical model(s) (e.g. neck angulation and length). Selection of the model material and model
geometry(ies) should take into consideration the compliance of the vasculature being represented
by the model. The expected response of the in vivo vessel to the insertion of accessory devices (e.g.
guide wire, introducer sheath) and the endovascular system and the friction associated with the
model material should also be considered in selecting the model material and test fluid.

fixture capable of delivering water or appropriate fluid at physiological temperature (37 + 2) °C and

at other clinically relevant physiological conditions (e.g. pulsatile pressures, flow).
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D.5.1.5.3 Sampling

Sampling shall be in accordance with D.2.

D.5.1.5.4 Conditioning

Conditioning shall be in accordance with D.3.

D.5.1.5.5 Test method

Dex

n]np atoestmethad bhased anthe Fn”nun'ng cfapc-

a)

b)

d)

e)

f)

Connect the anatomical model to the fluid system and allow the test system-to 3
temperature and other relevant physiological conditions.

Following the IFU and using the appropriate accessory devices (e.g. guide wire, introdud
insert, deliver and deploy the implant, including any modular componefits) while eva
following:

tabilize at

er sheath),
uating the

1) evaluate the ability of the endovascular system to be advaneed to, and positio
targeted deployment location of the anatomical model(s) without compromising t

of the delivery system. This testing shall include, during advancement of the

hed in, the
e function
stem, the

evaluation of pushability, flexibility, trackability and,-iflappropriate, the ability to[torque the

system without negatively affecting the ability to depley. Note any anomalies and t
on the performance of the endovascular system;

2) for prostheses requiring rotational orientation, for appropriate position, evaluate th

the endovascular system to provide sufficient rotation to the distal (leading) end
position the implant in the targeted deplayment location of the anatomical model(s)

3)
4)
5)

evaluate the ease and ability to deploy*the prosthesis;
evaluate the accuracy of deployment;

evaluate the ability to withdraw the delivery system and accessory devices from the
model(s) and note any ahomalies, such as prosthesis dislodgment or damage;

6) evaluate the compatibility of the endovascular system with the accessory devices
wire, introducersheath) and when appropriate, the compatibility of the accessory d
the endovascularsystem (e.g. balloons used post-deployment).

Visually inspéct the deployed endovascular prosthesis in the anatomical model. Evj
record the ‘eonformability of the endovascular prosthesis to the model vessel wall,
(including Yorientation, if applicable), absence of anomalies (e.g. kinks, undesired
compenent separation, non-uniform expansion, prosthesis damage) and the type and
any prosthesis damage or any other anomalies.

eir impact

e ability of
in order to

hnatomical

(e.g. guide
bvices with

hluate and
bositioning

twisting,
location of

Vicuallizincnact tha dalivary cuctam and vrocard tha tvuna and location of cny darmaaagn o
Sty HSpe ettt e- ey e -5y Sste e e coratnie vy pedhHaro ooty A Ee

anomalies.

Visually inspect the accessory devices, and record the type and location of any clinical
damage or other anomalies.

Visually inspect the test fluids for particulates that were generated during the test.

D.5.1.5.6 Expression of results

Results of the assessments shall be expressed descriptively.
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D.5.1.5.7 Testreport

The test report shall be in accordance with D.4 and shall include all results and abnormal observations.
The report shall include a description of the anatomical model(s) used and justification of how the
model(s) is representative of the anatomical variation in the intended patient population (i.e. angulation,
tortuosity and diameter). The test fluid viscosity and density and the model material of construction
shall be reported and justified. The pressure and flow conditions shall be justified (i.e. whether or not
these variables were included or controlled during the test). The results for pushability, flexibility,
torquability, trackability, deployment accuracy, conformability of the deployed prosthesis to the vessel
wall and compatibility between the accessory devices and the endovascular system should each be
documented_The type and location of anv prnq‘rhpcic or dplivpry system dnmngp and anv clinic l]y
relevant a¢cessory device damage shall be reported. If visible particle generation is observed dufing
access, defJloyment and withdrawal of the endovascular system, this observation should be noted. [The
relevance ¢f any observations should be explained in the context of the intended clinical use:

D.5.1.6 Tensile bond strength

D.5.1.6.1 |Purpose

The purpoge of this test is to determine the bond strength of the joints and/orfixed connections ofthe
delivery syjstem. The strength of the segments adjacent to the bonds of theé delivery system (e.g. shepth,
tubing) shall be evaluated separately or concurrently with the bond stir€ngth determination.

D.5.1.6.2 |Materials

The follow|ng materials apply:

— delivery system or appropriate component joints andjor fixed connections;
— recommended guide wire or equivalent, if appropriate;

— mecharical testing system with a constant-rate of traverse, a suitable load cell and approprijate
gripping fixtures;

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

D.5.1.6.3 |Sampling

Sampling shall be in accordance with D.2.

D.5.1.6.4 |Conditioning

Conditionipg shall\be’in accordance with D.3. Conditioning of the test samples should include loadjing,
tracking (dccesssand withdrawal) and deployment. Multiple tracking cycles through an approprjate
anatomical mdodel should be considered. Information regarding an appropriate anatomical modg¢l is
provided i i i i sed
for this test.

D.5.1.6.5 Test method

For bonds that will be subjected to physiological temperatures, testing should be performed at
(37 £ 2) °C.

Develop a test method based on the following steps:

a) Insertthe delivery system or component over the guide wire, if appropriate.
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b) Using a mechanical testing system with an appropriate crosshead speed (e.g. 200 mm/min), apply
tension to the bonded joint or to a series of bonded joints until a bond breaks or loses functional
integrity.

c¢) Record the peak force at which failure occurs and describe the type and location of the failure.

D.5.1.6.6 Expression of results

Bond strength shall be expressed in Newtons (N).

D 5 1 & 7 Taockirranai ’a
DO TCSTTCPOTT

The test report shall be in accordance with D.4 and shall include the type and location ofithe [failure and
themaximum, minimum, mean and standard deviation of the bond strength(s).

The acceptance criteria for the bond strength(s) should take into considebation th¢ expected
fordes applied to the delivery system during clinical use [e.g. tracking (access’and withdrawal) and
deployment].

D.5|1.7 Torsional bond strength

D.5|{1.7.1 Purpose

The purpose of this test is to determine the torque required-to cause failure of the joints apd/or fixed
conpections in the appropriate segments of the deliverysystem (i.e. joints and/or fixed conngctions that
arelsubjected to torsion during clinical use). The strength of the segments adjacent to the bpnds of the
deljvery system (e.g. sheath, tubing) shall be evaluated separately or concurrently with the torsional
bond strength determination.

D.5|1.7.2 Materials

The following materials apply:

— |delivery system or appropriate.component joints and/or fixed connections;
— |recommended guide wire or equivalent, if appropriate;

— |torque testing systefm)with a suitable torque gauge;

— |temperature cofitrolled environment (37 + 2) °C, as appropriate.

D.5|1.7.3 Sampling

Sanppling shall be in accordance with D.2.

D.511.7.4 Conditioning

Conditioning shall be in accordance with D.3. Conditioning of the test samples should include loading,
tracking (access and withdrawal) and deployment. Multiple tracking cycles through an appropriate
anatomical model should be considered. Information regarding an appropriate anatomical model is
provided in D.5.1.5.2. Delivery systems from completed simulated use testing (see D.5.1.5) may be used
for this test.

D.5.1.7.5 Test method

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

the delivery system or component over the guide wire, if appropriate.

ne end of the test sample in a clamping apparatus.

Affix other end of the test sample to the torque gauge. The test gauge length shall be long enough to

avoid influence of the clamping apparatus and short enough to ensure uniform torsional loading.

until the joint and/or delivery system breaks or loses functional integrity.

Apply a torque at a rate characteristic of that used in typical clinical use to one end of the sample

a) Insert
b) Affixo
c)
d)
e) Record
D.5.1.7.6

Torsional

D.5.1.7.7

The test rq
and the m4g

The resulf

the systen.

D.5.1.8 H

D.5.1.8.1
The purpo
to minimiz
D.5.1.8.2
The follow
endov{

access
use (IH

pressu
tempe

reservy

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

Expression of results

ond strength shall be expressed in Newton-meters (N-m).

Test report

port shall be in accordance with D.4 and shall include the mode and location of the fai
ximum, minimum, mean and standard deviation of the torsional’bond strength.

s shall be evaluated in relation to the torque necessary to'access, deploy and withd

aemostasis

Purpose

be of this test is to evaluate the ability of-any haemostatic seal or valve in the delivery sys
e leakage of blood.

Materials
ng materials apply:
iscular system;

pry devices necgssary to accomplish deployment in accordance with the instructiong
U);

rized fluid fixture capable of delivering water or an appropriate fluid, at physiolog
rature (374 2) °C and appropriate pressure (e.g. 100 mmHg);

pirfor collecting and measuring the total fluid leakage from the endovascular system

justifie

ure

faw

Lem

for

ical

Lo a

d'minimum accuracy (e.g. +5 ml);

D.5.1.8.3

Sampling s

D.5.1.8.4

timer with an accuracy of +1 s.

Sampling

hall be in accordance with D.2.

Conditioning

Conditioning shall be in accordance with D.3.
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D.5.1.8.5 Test method
Develop a test method based on the following steps:

a) Prepare the fixture for receipt of the endovascular system. For systems that do not have integral
sheaths, place the appropriate accessory devices (e.g. guide wire, introducer sheath) in the fixture.

b) Prepare and insert the endovascular system into the fixture.

c) Place the reservoir(s) to collect the fluid leakage from any seal or valve in the delivery system and
start timing.

Leakage between the fixture and the introducer sheath should not be included. If\appropriate,
leakage between the introducer sheath and the endovascular system may be included:

d) |Stop fluid collection and timer. The duration of test should be adequate to determine the leakage
through the seal or valve.

e) |Record the amount of fluid leakage and the elapsed time over which leakage occurred.

f) |Repeat step c) through step e) for any devices intended to be inserted through the hpemostatic
valve of the endovascular system (e.g. additional delivery systemjballoon, wire).

D.5|1.8.6 Expression of results

The leakage rate(s) shall be expressed in millilitres per mihute (ml/min).

D.5|1.8.7 Testreport

Thetest report shall be in accordance with D.4 and include the maximum, minimum, mean and standard
devjiation of each leakage rate. The test timing; pressure and fluid used shall be reported.|If blood or
simplated blood is used, the density, viscosity or treatments (e.g. anti-coagulants) shall be identified.

NOTE Guidance for introducer sheath$.can be found in ISO 11070.
D.5|1.9 Visibility

D.5|{1.9.1 Purpose

The purpose of this testls to evaluate the ability to visualize the endovascular system and endovascular
propthesis using theimaging techniques specified in the instructions for use (IFU).

D.5/1.9.2 Materials

The following materials apply:

— |endovascular system;

— accessory devices necessary to accomplish deployment in accordance with the IFU;
— phantom tissue model, or equivalent (e.g. large animal model);
— imaging machine (e.g. fluoroscopy) capable of operating at clinically relevant power levels.

Visibility is significantly affected by variations in equipment and parameter settings. In the selection of
the equipment used for this evaluation, consideration should be given to this variability.

D.5.1.9.3 Sampling

Sampling shall be in accordance with D.2.
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D.5.1.9.4

Conditioning

Conditioning shall be in accordance with D.3.

D.5.1.9.5

Test method

Develop a test method based on the following steps:

a)
b)

Position the endovascular system in the phantom tissue model.

Position the model relative to the imaging machine to simulate clinical conditions.

c) Useth

d)
by loc:

Altern
visibil

e) Repeaf

D.5.1.9.6

Results of {

D.5.1.9.7

The test r¢
applicable

Evalugte the images for ease of visibility. For example, the degree of visibility may, belasses

b imaging machine to visualize the endovascular system and any identification markers.

iting the exact ends, orientation of critical points and/or parts of the endovascular syst

ty.

Expression of results

he assessments shall be expressed descriptively, with representative images as appropri

Test report

port shall be in accordance with D.4 and shall include the assessment of visibility foj
components at the various stages of the tésting. Describe the results of the assessmg

the phanto

NOTE 4

D.5.2 Imjplant (endovascular prosthesis)

D.5.2.1 (

D.5.2.1.1

The purpa
endovascu

NOTE '

tissue model.

\dditional information can be foundin ASTM F640.

orrosion assessment

Purpose

se of this)assessment is to evaluate the susceptibility of the metallic materials of
ar prosthesis to corrosion.

'lis, annex does not include specific methodology for corrosion testing. Guidance is prov

sed
em.

htively, the degree of visibility may be compared to a specified material or deviee with kngwn

step a) through step d) to evaluate the prosthesis and the delivery system during deploynjent
and withdrawal, and the prosthesis after withdrawal of the delivery system.

ate.

all
bnts

and/or include visual results (e.g. representative fluoroscopic images). The test report shall also include
the manufjcturer and model of the imaging equipnrent, the relevant imaging parameters and detai

s of

the

ded

regarding t

e, . . . rd Loge o A N TR BN LIS B T 1 1 41
ICT dSSTSSIIITIIU U CUTTUSIUIT ualus vdlluous SUuItcsS LC.S. I AUUI T, TIIStUT ICdT CITITICal udl.d) dilU U111V

reference to other standards.

D.5.2.1.2

Materials for corrosion testing

The following materials apply:

ugh

endovascular prosthesis or appropriate test samples of the prosthesis (e.g. segments, sections,

components, subassemblies) that have undergone actual or simulated manufacturing processes.
Test samples shall be appropriate to the type of corrosion under evaluation (e.g. crevice, pitting,
fretting, galvanic);

materi

76

als as specified in the test methods selected for this evaluation;
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reference samples, as appropriate.

2.1.3 Sampling for corrosion testing

Sampling shall be in accordance with D.2.

D.5.

2.1.4 Conditioning for corrosion testing

Conditioning shall be in accordance with D.3 and shall include actual or simulated loading and
deployment.

D.5

The
Cor
con
cor
reg

Thd
and|

2.1.5 Assessment

susceptibility of the metallic materials of the prosthesis to corrosion shoild bs
Fosion assessment includes, but is not limited to, evaluation of test results, review of lite
sideration of the historical clinical performance of the material(s) under asséssment. G
‘osion assessment may be found from a variety of sources (e.g. literatre; text books,
1latory guidance documents).

following is a partial list of references regarding corrosion termjnolegy, equipment, test |
methods:

ISO 17475, Corrosion of metals and alloys — Electrochemicd] teést methods — Guidelines for
potentiostatic and potentiodynamic polarization measurements

[SO 16429, Implants for surgery — Measurements of open-circuit potential to assess corrosio
of metallic implantable materials and medical devicés over extended time periods

ASTM F746, Standard Test Method for Pitting arCrevice Corrosion of Metallic Surgical Implaj

ASTM F2129, Standard Test Method for Cenducting Cyclic Potentiodynamic Polarization Me
to Determine the Corrosion Susceptibility of Small Implant Devices

ASTM F3044, Test Method for Standard Test Method for Evaluating the Potential for Galvani
for Medical Implants

Polarization Measurements

ASTM G61, Standard Test Method for Conducting Cyclic Potentiodynamic Polarization Me
for Localized Corrosion Susceptibility of Iron-, Nickel-, or Cobalt-Based Alloys

ASTM G71-Standard Guide for Conducting and Evaluating Galvanic Corrosion Tests in Elec

ASTM<GY02, Standard Practice for Calculation of Corrosion Rates and Related Inform
Electrochemical Measurements

assessed.
rature and
lidance on
standards,

brocedures

conducting

1 behaviour

t Materials

Isurements

c Corrosion

ASTM G5, Standard refetence test method for making potentiostatic and Potentiodynajmic Anodic

Isurements

[rolytes

ation from

D.5.

2.1.6 Expression of results for corrosion testing

Test data shall be expressed in units appropriate to the methods selected.

D.5.

2.1.7 Testreport

The test report shall be in accordance with D.4 and shall include the complete corrosion assessment,
including a summary of all test data, analyses and referenced information, comparisons to applicable
controls, any appropriate comparison between in vivo and in vitro performance and conclusions
regarding the anticipated corrosion resistance of the metallic materials of the endovascular prosthesis.
Applicable requirements indicated in the guidance documents used for testing should also be included.
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D.5.2.2 Fatigue and durability — Computational analyses

D.5.2.2.1 Purpose

The purpose of the computational analyses is to calculate the magnitude and location of the maximum
stresses and/or strains for each appropriate loading scenario based upon the intended clinical
application and device design. Appropriate computational analysis tools, such as finite element analysis
(FEA), can be used to calculate the stresses and/or strains. The stresses and/or strains can be compared
to material characteristics to calculate the fatigue safety factor.

Computati
articles for

D.5.2.2.2

The follow

D.5.2.2.3

The analys
evaluation

Perform ca

a)

b)

78

onal nnnlycnc may also be used to establish :\pprnprinfp test conditions and to select

est

struct

enviropment (e.g. blood vessel);

materi
linear

the inf]
diamet
implan

the in
repres
tortuo

appropriate modelling tools, such as finite elemrent analysis and computer aided design softwar

model

Establ

1) Es
an
pe

fatigue and durability testing.

Model inputs and tools
ng model inputs and tools apply:

iral design of the endovascular prosthesis and, if appropriate, a represéntation of the in

al properties (e.g. modulus, fatigue limit, vessel compliance) and*constitutive models
plastic) for all materials under evaluation;

brmation needed to establish boundary conditions related)te’manufacturing (e.g. compreg
er required to achieve delivery system profile), deployment (e.g. balloon expansion diamete
t diameter) and, if appropriate, interaction between theprosthesis and the surrounding tis

formation needed to establish boundary conditions (e.g. constraints and loads) that
entative of the intended clinical use (e.g.tvessel diameters, deformation, angulat

5ity);
the endovascular prosthesis and, if appropriate, the in vivo environment (e.g. blood vesse

Analysis

of the prosthesis.
mputational analyses based on the following steps:
sh the purpegse-of each computational analysis.

tablish the purpose of each computational model analysis. For example, the computati
alysis fay be used to identify the prosthesis size and configuration that is expecte
rformiwith the lowest fatigue safety factor.

Vivo

e.g.

sed
ror
Sue;
are

ion,

e to

D).

es shall be performed en-the sizes and configurations necessary to ensure an adequate

nal
to

2) Se

Define

ect computational sortware with the capabllities 1o perrorm tne analysis.

the model geometry.

1) Identify the sizes and configurations of the prostheses to be evaluated.

2) Establish the prosthesis geometry and, if appropriate, mock or diseased vessel geometry.
The geometry should be representative of the finished product. Analysis may be limited to
segments of the prosthesis, and/or vessel, with appropriate justification. Consideration shall
be given to the allowed variability of the dimensions when selecting the geometry for analysis.
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d)

f)
g)

h)

j)

k)

ISO 25539-1:2017(E)

3) All appropriate deformation modes should be considered in selecting the extent of the

prosthesis to be modelled or when applying symmetry assumptions.

Establish the material properties.

Determine the properties of the materials of the finished prosthesis necessary to conduct the

analysis. If appropriate, establish the material properties for the representative vessel.

Define the constitutive model.

1) For each material in the analysis, determine the appropriate constitutive model (i.e. the

lots La Lot + d ot i) L 1 i3t L 1 £33t
1 \,laLlUllOllllJ DUULVVLUIT OUI'CLOO dllIu ol Glll} SUClIl do Oul.lbl blClDLl\,lL_y, ll)’ Pbl blClDLl\,lL_y ally
The material properties that are used to develop the constitutive models should Tej
final, processed materials (e.g. final heat treatment).

2) Confirm that the constitutive model(s) represents the behaviour of the material
applicable stress or strain range using an appropriate test method(s) (exg-tensile, b¢

Create the finite element mesh.

Create a mesh and specify the element type(s), shape(s) and formulation(s) (e.g. shape f]
model the prosthesis and, if appropriate, the representative vessek

Apply the constraints to the mesh.
Apply the loading conditions.

1) Apply the loading conditions to represent delivery system loading (e.g. compresse
required to achieve the delivery system profile) prosthesis deployment (e.g. balloon
diameter, implant diameter), and recoil, if\applicable.

2) Apply the representative loading conditions (e.g. cyclic deformation, cyclic pressuf
prosthesis is expected to experienée in vivo.

Apply solution methodology and execute the analysis.

1) Select the appropriate solution techniques and tolerances for the equation(s) being s

plasticity.
bresent the

within the
nding).

Linction) to

1l diameter
expansion

e) that the

olved.

2) Incorporate any additional boundary conditions necessary to ensure model stapility. It is

important to ensurethat the applied boundary conditions do not over-constrain an
add unintended‘loadings, rotations or contact.

Verify the solution.

Conduct aymesh sensitivity analysis to demonstrate that further mesh refinemen
significantly change the computational results (e.g. the maximum strain does T
significantly when additional elements are used).

/or do not

[ does not
ot change

Validate the computational model.

Obtain test data to allow comparison of the appropriate output(s) of the model to the physical

behaviour of the prosthesis.
Analyse results.

1) Compute the appropriate stress or strain quantities (e.g. principal stresses, equivale

nt strains).

2) Calculate fatigue safety factors using the appropriate failure criteria (e.g. constant life diagram).
Identify the location associated with the lowest fatigue safety factor (e.g. high stress/strain

regions).
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D.5.2.2.4 Expression of results

Stress shall be expressed in megapascals (MPa). Strain shall be expressed as a percentage (%). Locations
of critical stresses and strains should be depicted in colour figures with legends. Diagrams for fatigue
analysis shall be provided (e.g. constant life, Goodman analyses, etc.).

D.5.2.2.5 Report

NOTE

The computational analysis report is intentionally different from the standard test reports
described in D.4.

shall include the following:

ound and purpose

pvide a brief device description and the intended use environment.

nte the purpose of each analysis.

try

port the sizes and configurations of the prostheses selected for evaluation.

pvide diagrams and a brief description of the model(s).

pvide a justification for the sizes and configurations of th&prostheses selected for evaluat

only a portion of the prosthesis was modelled, provide a justification for the geom
alysed (e.g. the use of symmetry).

d, if appropriate, the mock or diseased vessel (e.g. size, disease state).
port the dimensions selected in the context of the expected variability.
al properties

t all of the materials in theimodel and report the relevant material property values

modulus, yield strength, fatigue limit).

pvide and justify the) source of the material properties (e.g. literature, test data
hditions) for the prosthesis and, if appropriate, for the representative vessel.

pvide a justification for why the material properties are representative of the final, proceg
hterial (e.g.final heat treatment) in the intended in vivo environment (e.g. 37 °C). If applica
scribe teésts'conducted to determine the material properties.

futivemodel

ion.

LIy

pvide a justification for how the model geonietry is representative of the finished product

e.g.

and

sed
ble,

1 - | T R | h a1 - - 1o : Lo e
CdlIl III4dlCl 1dl, PprovIUc LT TCIAUIUIISIITP UTLWECTIT SUITSS dllU ST AIIT (1.C. CUIISULITULIvVE IO

including a graphical representation and/or the associated equations.

del)

For each material, discuss how the constitutive model captures the material behaviour (e.g.
loading, unloading, plastic deformation).

Provide a justification for the assumptions in the constitutive model used to represent each
material.

The report

a) Backgi

1) Pr

2) St

b) Geome

1) Re

2) Pr

3) Pr

4) If

an

5) Pr

an

6) Rg

c) Materi

1) Li

2) Pr

co

3) Pr

m

de

d) Consti

1) F
2)
3)
4)

80

Provide a summary of the methodology and data for any testing conducted to support the
constitutive model.
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f)

g)

h)

j)
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Mesh

1) Describe the element type, shape and formulation for the mesh used in the analysis.

2) Provide a representative image of the mesh in the areas of high stress/strain.

3) Provide a justification for why the elements selected adequately represent the spatial
distribution of the stress/strain under the prescribed loading.

Constraints

1) Report the boundarv conditions (P g rigid cvlinder for vessel fixed dPgT‘PPQ fo) freedom),
including a graphical representation if appropriate.

2) Provide a justification for the boundary conditions used to restrict motion of the hodel or to
isolate specific deformations.

Loading conditions

1) Report the loading parameters (e.g. location, magnitude and direction of loading,|number of
cycles) and the sequence of the loads applied to the model to represent delivery syst¢m loading,
prosthesis deployment and recoil, if appropriate.

2) Report the loading conditions (e.g. cyclic deformation, ¢yclic pressure) applied to the model to
represent the deformation(s) or load(s) the prosthesi$.is expected to experience in vjvo.

3) Providejustification that the delivery system loading and prosthesis deployment simulation are

representative of actual delivery system loading'(e.g. compressed diameter requirec
the delivery system profile) in accordance with manufacturing and prosthesis dep
accordance with the IFU.

4) Provide a justification for the values used for the expected in vivo loading condition$

Solution methodology

1) Report the equation solution'techniques and tolerances. Describe the software p
any user subroutines that'were implemented.

2) Provide ajustification for any additional boundary conditions used to enhance mod
Solution verification

1) Reportthefesults of the mesh sensitivity analysis, demonstrating that further mesh
does not, significantly change the computational results (e.g. the maximum strai
changessignificantly when additional elements are used).

2) Provide ajustification for the computational result (e.g. maximum strain) used to es
adequacy of the mesh density.

to achieve
loyment in

P

ickage and

p| stability.

refinement
h does not

tablish the

&5 IS
vdlliUudtiull

1) Provide an adequate description of the test method (e.g. radial outward force) use

d to assess

the ability of the computational model to adequately predict the behaviour of the prosthesis.
This description may include illustrations to show similarities between the model and the test

article in the fixture.

2) Provide a comparison of the test results to the values predicted by the computational model
over a region relevant to the analysis objectives. Provide an assessment of the significance of

any relevant differences between the measured and predicted values.
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3) Provide a justification for the mode of loading used to assess the ability of the computational
analysis to adequately predict the behaviour of the prosthesis.

k) Results

For each computational analysis, report the magnitude and illustrate the physical location(s) of the
relevant quantitative results (e.g. maximum principal stresses, mean and alternating equivalent
strain, fatigue safety factors).

1) Discussion/Conclusions

1) Dipetss—therest

safety factor, assessing the acceptability of the fatigue safety factors), including any lifititatjons
and conservative modelling conditions.

2) When applicable, discuss the implications of the computational analysis rwith respecf to
related testing. For example, explain how the computational analysis complements accelergted
durability testing conclusions.

D.5.2.3 Fatigue and durability tests — in vitro testing

Device duifability may be evaluated in separate individual tests, tests that apply multiple sequerjtial
deformatidn modes, or tests that apply simultaneous deformation modes. When combining deformation
modes under a single test, the relative rate of occurrence of the deformation modes should be considdred
in developing appropriate test methods, particularly with accelerated testing.

D.5.2.3.1 |General

The informpation included under this subclause are applicable to radial fatigue and durability, acftive
fixation fatligue and durability, axial fatigue and durability, bending fatigue and durability and torsiInal
fatigue and durability that follow in D.5.2.3.2 to D+5.2.3.6. Specific considerations for the developnpent

For the pulrpose of this subclause, displacement is defined as the movement of a test fixture, a fest
article or mock artery (e.g. diametrical,linear, rotational) in response to the action of a test apparaftus.
Deformatign is defined as the changé.in shape of a test article or endovascular prosthesis in responge to
a displacerhent(s) or an applied load(s).

NOTE Additional information/can be found in ASTM F2477 and ASTM F2942.

D.5.2.3.1.1 Purpose

Fatigue anfl durability testing is intended to evaluate aspects of the long-term structural integrity of
the endovdscular-prosthesis under cyclic loading conditions that represent the in vivo environment

Appropriafe “test methods should be developed to simulate physiological deformations of |the
endovascular prosthesis. These test methods should describe how to attain deformations of the test
article through the application of forces and/or displacements to the test fixture or a mock vessel.

The long-term integrity of active fixation components (e.g. hooks, barbs, anchors) should also be
evaluated. Information to aid in the development of an appropriate test method is presented below.

Potential failure modes that can be evaluated in these tests include: stent fracture, fracture of active
fixation components, detachment of the stent from the graft material, tearing or other failure modes of
the fabric or covering, and wear or abrasion between prosthesis components.

The fatigue and durability tests are not intended to fully evaluate potential failure modes related to
corrosion, wear between the prosthesis and the recipient vessel or prosthesis migration. Consideration
should be given as to whether such observations during testing indicate an increased potential for
these failure modes to occur clinically.
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D.5.2.3.1.2 Materials
The following materials apply:
— endovascular system;

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

— accessory devices necessary to accomplish deployment in accordance with the instructions for
use (IFU) (e.g. guide wire, introducer sheath, balloons used to achieve adequate apposition of the

nracthacic):
ProstRestsy;

D.5

Sa

Sa
an

Th
an
cli

if applicable, a mock artery with a diameter and properties appropriate to enable simul
loading mode under study:

2.3.1.3 Sampling
pling shall be in-accordance with D.2.

pling shall allow for the evaluation of the structural integrity of all relevant parts of the
contact areas between components.

endevascular prosthesis size(s) with the greatest potential for fatigue failure shall be
justified using computational modelling (e.g. finite element analysis), engineering anal)
icaldata. Alternatively, samples representing the range of sizes may be chosen for testin

appropriately sized to represent the vessel diameter for the loading conditions undg

constructed of a material (e.g. silicone) capable of maintaining consistent deformd
test article under cyclic loading, without creating unwanted defermation of the test

htion of the

r test;

tion of the
article;

capable of withstanding the test conditions at the test frequency and temperatyire for the

duration of the test;
designed and/or modified to minimize test article migration;
fatigue test system capable of applying cyclic loads:and/or displacement to the test

measurement system(s) (e.g. load cell, strain-gauge, high speed camera) capable of g
appropriate loads, displacements and/or deformations;

cycle counting system for measuring the'number of cycles applied to the test article

fluid fixture capable of maintaining phosphate buffered saline (PBS) (unless t{
different fluid can be justified)@t physiological temperature (37 * 2) °C;

inspection equipment [e.g. light microscope, lighted magnifying glass, high resolt
scanning electron microscopy (SEM)].

hrticle;

uantifying

psting in a

tion X-ray,

prosthesis

identified
rsis and /or

D

b

Segments or portions of the complete prosthesis may be used as the test article if appropriately justified.

D.5.2.3.1.4 Conditioning

Conditioning shall be in accordance with D.3.

The endovascular system should be tracked through an anatomical model prior to fatigue and durability
testing unless appropriate justification is provided.
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D.5.2.3.1.5 Test method

This subclause includes general considerations for the development of all types of fatigue and
durability tests.

a) Define test conditions

b)

84

1) Establish loading conditions
The effect of the endovascular prosthesis on the overall deformation expected in vivo should
be con51dered when establlshlng the loadmg condltlons The dlrectlon and magnitude of the
literature, clmlcal data) for the specific anatomlcal 1ocat10n patlent age or condition b !mg
tr¢ated. Computational modelling may be used with the physiologically relevant data to
determine the appropriate loading conditions.

2) Mock artery
THhere is no general guidance beyond those included in the general materials (see D.5.2.3.1.2).
Sep a), 2) of the individual fatigue and durability test methods.

3) Tept frequency
THe test frequency shall be selected to maintain the test artiele deformation within the pre-
defined limits for the duration of the test and to avoid undesirable harmonics, localized heafing
of the prosthesis and rate-dependent effects on material\properties.

4) Dipplacement conditions/control
THhe gripping technique, slip between the mock axtery (if used) and the test article or dynamic
forces may result in deformations other than.jntended during testing. Establish the methogd to
coptrol displacement or the application of force during testing and verify that each test article
achieves the intended deformation during the cyclic loading at the test frequency over|the
duration of the test.

Setup

1) Either deploy the test article~according to the IFU directly into the test fixture or deploy|the
endovascular prosthesis according to the IFU and secure the test article (i.e. either the comp|lete
prpsthesis or a segmentor portion of the prosthesis) to the test fixture. If appropriate, deploy
additional overlapped-components.

2) Ingpect the test.article(s) using appropriate visual aids and record the location and severitly of
anly anomalies (e.g. in-folding of graft material, non-uniform prosthesis expansion).

3) Allow the-test articles to reach the pre-defined test temperature before initiating the test.

Testing

1) After initiation of testing at periodic intervals, monitor the test conditions and equipment

operation to ensure that the test article does not migrate and experiences the intended
displacements or forces. Because the relationship between the intended displacements or
forces and test article deformation might change over time, it might be necessary to verify that
the test article is deforming as intended. The methodology to verify that the displacements
and/or deformations are as intended shall be described in the test method.

If appropriate, stop the test at periodic intervals for inspection of the test article(s).

Removing the test article from a mock artery for the periodic inspection is not recommended.
However, if removing the test article from a mock artery is necessary, care shall be taken to
remove and re-deploy in a manner that minimizes the effect on the test article.
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SEM images can be taken of fracture surfaces and fracture locations to characterize the
origin of the fracture. When evaluating fractures, consider the potential for artefactual ste
reldted to the test apparatus (e.g. gripping method).
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2) Termination

Terminate the test after the desired number of cycles has been achieved or a pre-specified

endpoint has been observed.
3) Post-testinspection

Carefully remove the test articles from the test apparatus and mock artery, if

applicable.

Completely visually inspect each test article for evidence of macroscopic damage. If anomalies
are identified, if fractures cannot be visually identified due to the size or design of the
endovascular prosthesis or if additional evaluation of regions of interest (e.g. potential areas

scanning electron microscopy, high resolution X-ray) to further inspect for evidence
Identify and document the presence and location of any anomalies, includingthe fol

of active fixation components, detachment of the stent from the graft material

between prosthesis components;

2.3.1.6 Expression of results

re is no general guidance. See thglexpression of results section of the individual f]
hbility test methods.

2.3.1.7 Testreport

test report should be inJaccordance with D.4. The intended and measured displacems
rmations shall be reported.

or high stress/strain or wearj 1s needed, use appropriate methodologies (e.g. light I]liCI'OSCOpy,

of damage.
owing:

— pre-specified failures modes under evaluation in the test, such as stent fractufe, fracture

tearing or

other failure modes of the fabric or covering (e.g. graft wear leles) and signiflicant wear

— additional observations, such as perforation, suture break§and suture hole elogation;

— failure modes that may be related to corrosion, wear between the prosthedis and the
recipient vessel, or prosthesis migration. Considefation should be given as to whether such
observations indicate an increased potential forthese failure modes to appear ¢linically.

hature and
ht fracture

htigue and

nts and/or

Respults of all inspections, including the cycle count at which the inspections took place and fhe number

and
the
fric
rels

D.5

location of any@bserved anomalies shall be reported. The test report should include a dij
potential causes (e.g. fatigue failure, material inclusion, pre-existing sample damage, n
fion) and. clinical relevance of the observations. Results should be considered and intq
tion to'any applicable in vivo data.

cussion on
ock artery
rpreted in

232 Radial fnfignn and dnrnhilify

D.5.2.3.2.1 Purpose

The purpose of this test is to evaluate the long-term structural integrity of the endovascular prosthesis
when subjected to cyclic radial loading conditions.

D.5.2.3.2.2 Materials

Refer to the materials listed in the general materials (see D.5.2.3.1.2), including the mock artery.
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D.5.2.3.2.3 Sampling

Refer to the information in the general sampling (see D.5.2.3.1.3).

D.5.2.3.2.4 Conditioning

Refer to the information in the general conditioning (see D.5.2.3.1.4).

D.5.2.3.2.5 Test method

Refer to th

informationinthe gannra] test methad (cna D5 231 ':) with the Fn”nuring

This test npethod describes a radial cyclic fatigue and durability test that subjects the test article

specified a
tester that
inspected

other aspe

a) Define
1) Es

Re

ite

Th
te
co

induces an expected physiologic radial deformation of the test article. Each test artic
periodically during the test for the occurrence of strut fracture, graft matevial holes
Cts of structural integrity.

test conditions
tablish loading conditions

fer to the information in the general test method, establisiiloading conditions [D.5.2.3
m a) 1)] with the following.

e loading conditions of the test, that is, the intended.nean and alternating diameters of

mpliance of the target vessel,and the radial stiffness of the prosthesis. Force equilibr

models, finite element analysis or experimentaliévaluation can be used to establish the ta

mq

De
sh
IS

%Com]

where
p1 is

p2 is

pan and alternating diameters.

finitions of compliance reported in'the literature vary. Dynamic radial complid
puld be expressed as a percentage of-the diameter change per 100 mmHg and defined

D 7198:2016, A.5.9.
liance = (Dpz - Dp1) x 104/ [yt (p2 - p1)] (
[he inner diametér at the pressure of p1;

the inner diduteter at the pressure of py;
the lower pressure value (diastolic), in mmHg;

the higher pressure value (systolic), in mmHg.

Lo a

mount of cyclic radial deformation. Testing is performed using a mock artery and fatigue

e is
and

1.5,

the

t article, are based on the expected clinical vascular pressures, the in vivo dynamic radial

jum
rget

nce
per

.2)

2) Mockartery

Refer to the information regarding the mock artery in the general materials (see D.5.2.3.1.2)
with the following.

The mock artery should allow displacement of the test article at the intended amplitude around
the intended mean diameter, at the test frequency and temperature, for the duration of the test.

NOTE
mounti

Mock artery diameter, wall thickness and compliance can be appreciably affected by the tube-

ng operation.

3) Testfrequency

86
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Refer to the information in the general test method, test frequency section [D.5.2.3.1.5,

item a) 3)].

4) Displacement conditions/control

Refer to the information in the general test method, displacement conditions/control

[D.5.2.3.1.5, item a) 4)] with the following.

Establish the method to control radial displacement during testing. Verify that the

test article

achieves the intended deformation during the cyclic loading at the test frequency using a
representative sample. The results of this verification activity should be used to establish the

with the intended deformation of the prosthesis (see D.6), then this may be used to
applied displacement during testing.

There are important considerations for controlling radial displacepiént during t

For example, apposition of the test article to the mock artery should-be maintained.
Setup
Refer to the information in the general test method, set up [D.5:2.3.1.5, items b) 1) to 3)]

Testing

mean and alternating diameters of the mock artery or test article. Verify that the
deformations are as intended. After meah and alternating diameter targets are achi
counting the cycles.

2)
values are maintained. Adjustthe test system as necessary to maintain the desired

and justified.
Termination
Refer to the informhation in the general test method, termination [D.5.2.3.1.5, item d)].
Post-test inspection

Refer tothe information in the general test method, post-test inspection [D.5.2.3.1.5, ite

2.3(2¢6 Expression of results

should be identified and addressed in establishing the procedures fof-controlling dig

Refer to the information in the general test methodtesting [D.5.2.3.1.5, item c)] with thg

Verify the mean and alternatingtdiameters at regular time intervals to ensure that

target. The location and method for measuring diameter and deformation should b

[ procedure for controlling the displacement of the test articles. For example, if it cap be shown
that the outside diameter of the mock artery as measured by a laser micrometer

correlates
control the

bsting that
placement.

following.

1) Set the frequency to the established rate ahd adjust the test system to achieve the intended

test article
bved, begin

the target
pperational
e specified

m e)].

Th

+ — 1111 h 1 Ak & S WY W B 1111
LESU ITCUUCIILY SlidIl DT TAPITSSTU IIT CYLITS PCIL SCTLUIIU (T1Z). AIl PICSSULTS Slidil DC T

pressed in

kilopascals (kPa) or millimetres of mercury (mmHg). Diameters shall be expressed in millimetres
(mm). Radial displacement shall be expressed in millimetres (mm) or as the percent change in diameter
(%) of the test articles and is calculated by 100(AD/Dgjastolic) Where D refers to the outer diameter of
the test articles. The compliance is expressed as a percentage of the diameter change per 100 mmHg
(%/100 mmHg).

D.5

.2.3.2.7 Testreport

Refer to the information in the general test method, test report (see D.5.2.3.1.7) with the following:

The intended and measured radial displacements of the test article shall be reported.
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D.5.2.3.3

Active fixation fatigue and durability

D.5.2.3.3.1 Purpose

The purpose of this test is to evaluate the long-term structural integrity of the securement of the active
fixation components (e.g. barbs, hooks, pins) to the attachment system (e.g. proximal stent) and the
securement of the attachment system to the endovascular prosthesis body when subjected to cyclic
loading conditions, appropriate for the device design and intended clinical use.

NOTE The evaluation of the securement of the active fixation components to the attachment system can
be conducted separately from the evaluation of the securement of the attachment system to the endovascular
prosthesis hody.

D.5.2.3.3.2 Materials

Refer to the materials listed in the general materials (see D.5.2.3.1.2).

D.5.2.3.3.3 Sampling

Refer to the information in the general sampling (see D.5.2.3.1.3) with the following:

The numb
endovascu
identifying
fixation co
modelling

The numb
the total 1
connection
potential f]
prosthesis
modelling

D.5.2.3.3.4

Refer to th

D.5.2.3.3.5
Refer to th

This test nj
the endovg
prosthesis

and applie

br of active fixation components and the total load on these‘components may vary v

vith

the endovascular prosthesis size with the greatest poténtial for fatigue failure of the ac
imponent. The endovascular prosthesis size selection.¢an be justified using computati
e.g. finite element analysis), engineering analysis and/or clinical data.

er of connections between the attachment system and endovascular prosthesis body
pad on these connections may vary with, endovascular prosthesis size. The load on ¢

br fatigue failure of the connection between the attachment system and the endovasc
body. The endovascular prosthesisi-size selection can be justified using computati
e.g. finite element analysis), engineering analysis and/or clinical data.

Conditioning

b information in the gerleral conditioning (see D.5.2.3.1.4).

Test method
b informatioitythe general test method (see D.5.2.3.1.5) with the following.

ethod dés¢ribes a fatigue and durability test that subjects the active fixation component
scular prosthesis and the connections between the attachment system to the endovasc
body ‘to a specified number of cyclic loads. The direction of loading (e.g. axial) is sele

ar prosthesis size. The load on each active fixation component shall be considered when

tive
nal

and
ach

shall be considered when identifying th&‘endovascular prosthesis size with the greatest

1lar
nal

s of
1lar
ted

d-Tresulting in a minimum and a maximum load applied to the test article. Testin

b S

=3

performed with a fatigue tester that induces an expected physiologic loading to the test article and
can be performed with or without a mock artery. Each test article is monitored during the test for the
occurrence of component fracture, separation, strut fracture, graft tears, suture breaks and other

aspects of structural integrity.
a) Define test conditions
1) Establish loading condition

Refer to the information in the general test method, establish loading conditions [D.5.2.3.1.5,
item a) 1)] with the following:

— the loading conditions of the test, that is, the intended displacement of or force applied
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to the test article are based on the expected clinical vascular pressures, diameter of

the
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d)

f)

g)
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vessel, the number of active fixation components and the number of connections between
the attachment system to the endovascular prosthesis body. The load applied to each
fixation component and/or the connections can also be affected by vessel angulation and
the presence of calcification, resulting in non-uniform engagement of the active fixation
components around the circumference of vessel. Force equilibrium models, finite element
analysis or experimental evaluation can be used to establish the target minimum and
maximum forces or displacements;

— determine the location(s) along the active fixation component (e.g. tip, distributed along the
length) where the load will be applied. The location chosen for testing should be justified.

2) Mock artery (if applicable)

Refer to the information regarding the mock artery in the general materials\(see D.5.2.3.1.2)
with the following:

— the mock artery may or may not have a physiologically relevant compliance;

— the wall thickness of the mock artery should be appropriate to,allow for engagement and
loading of the active fixation component in order to obtain(the desired deformgtion of the
test article.

Test frequency
Refer to the information in the general test method, testfrequency [D.5.2.3.1.5, item a) 3)].
Displacement conditions/control

Refer to the information in the general test method, displacement conditions/control [P.5.2.3.1.5,
item a) 4)].

Setup

Refer to the information in the genetal test method, set up [D.5.2.3.1.5, items b) 1) to 3J)] with the
following.

Ensure that the locations of contact between the test fixture or mock artery and the fixation
component match with the ifitended contact or loading location.

Testing
Refer to the information in the general test method, testing [D.5.2.3.1.5, item c)] with th¢ following.

Set the frequency to the established rate and adjust the test system to achieve the intended
minimum ‘@nd maximum displacement of, or forces on, the test article. After the displapcement or
force targets are achieved, begin counting the cycles.

Tefmination

Refer to the information in the general test method, termination |D.>.2.5.1.5, item d}].
Post-test inspection

Refer to the information in the general test method, post-test inspection [D.5.2.3.1.5, item ¢€)].

D.5.2.3.3.6 Expression of results

The test frequency shall be expressed in cycles per second (Hz). Diameters and displacements shall be
expressed in millimetres (mm). Forces shall be express in Newtons (N).
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D.5.2.3.3.7 Testreport

Refer to the information in the general test method, test report (see D.5.2.3.1.7) with the following.

The intended and measured minimum and maximum test article displacement or forces shall be

reported.

D.5.2.3.4

Axial fatigue and durability

D.5.2.3.4.1 Purpose

The purpo
when subj

clinical usq.

D.5.2.3.4.2

Refer to th

D.5.2.3.4.3

Refer to th

D.5.2.3.4.4

Refer to th

D.5.2.3.4.5
Refer to th

This test
specified
lengthenin
that inducq
without a
strut fract

The test ar
applied dir
applied to

a) Define

1) Es

e
%nount of cyclic axial displacement. Axial deformation of the test article can be appliec

rr

ected to cyclic axial loading conditions appropriate for the device design and (inten|

Materials
e materials listed in the general materials (see D.5.2.3.1.2).
Sampling
e information in the general sampling (see D.5.2.3.1.3).
Conditioning
e information in the general conditioning (see D.5.223.1.4).
Test method
e information in the general test method(see D.5.2.3.1.5) with the following.

thod describes an axial cyclic fatigie and durability test that subjects the test article

, shortening or cycling about ‘a neutral position. Testing is performed with a fatigue te
s an expected physiologicdxidl deformation of the test article and can be performed wit
ock artery. Each test artiele is inspected periodically during the test for the occurreng
e, graft material holes:and other aspects of structural integrity.

ticle, with or without a mock artery, can be directly secured to the test fixture with the
ectly to the testarticle or the test article can be deployed within a mock artery and the
he mock artery with appropriate justification.

test conditions

tablish loading conditions

Ioad

be of this test is to evaluate the long-term structural integrity of the endovascular prosthlesis

ded

to a
| by
Ster
h or
e of

oad

Refer to the information in the general test method, establish loading conditions [D.5.2.3.1.5,
item a) 1)] with the following:

The loading conditions of the test, that is, the intended minimum and maximum axial lengths
are based on the anticipated clinical lengthening and/or shortening. Force equilibrium models,
finite element analysis or experimental evaluation can be used to establish the target minimum

an

2)

d maximum lengths.

Mock artery (if applicable)

Refer to the information regarding the mock artery in the general materials (see D.5.2.3.1.2)

wi

th the following.

The mock artery may or may not have a physiologically relevant compliance.
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3) Testfrequency

Refer to the information in the general test method, test frequency section [D.5.2.3.1.5,

item a) 3)].

4) Displacement conditions/control

Refer to the information in the general test method, displacement conditions/control

[D.5.2.3.1.5, item a) 4)] with the following.

Establish the method to control axial displacement applied during testing. Verify that the test

al t;b}b a\,hi\,vuo thb ;lltblldbd dbel ulatiuu dul ills thb \,)’\,1;\, and;llS Gt thb t\,ot fl b\.i
a representative sample. The results of this verification activity should be used\t
the procedure for controlling the displacement of the test articles. For example,
shown that the cross head displacement of the axial testing apparatus adequately
with the intended deformation of the prosthesis, then this may be used-to control
displacement during testing.

Setup

Refer to the information in the general test method, set up [D.5.23.1.5, items b) 1) to 3
following:

1) if a mock artery is used, and axial shortening of thetest article is being evaluated
appropriate to stretch the mock artery before deplaying the test article;

2) adjust the test apparatus to yield the desired axial displacement;

3) when calculating percent axial shortening,the following formula should be used:

(LFree - LMin)

%AS = x100

LFree

bre

%AS is the percent axial shortening;
Lrree is the initial unsécured length of the test article as measured on the test apparatul
Lmin is the minipium unsecured length of the test article throughout fatigue cycle.

bn calculatingeércent axial lengthening, the following formula should be used:

(LMaX - LFree )

%AL= x100

L Free

wh

ency using
p establish
f it can be
correlates
he applied

)] with the

, it may be

(D.3)

g

(D.4)

Ere

)

%AL is the percent axial lengthening;

LMax is the maximum unsecured length of the test article throughout fatigue cycle;

Lrree isthe initial unsecured length of the test article as measured on the test apparatus.

Testing

Refer to the information in the general test method, testing [D.5.2.3.1.5, item c)] with the following:

1) set the frequency to the established rate and adjust the test system to achieve th
minimum and maximum test article length. Verify that the test article deformati
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intended. After the minimum and maximum test article length targets are achieved, begin
counting the cycles;

2) verify minimum and maximum test article lengths at regular time intervals to ensure that
the target values are maintained. Adjust the system as necessary to maintain the desired
operational target.

d) Termination

Refer to the information in the general test method, termination [D.5.2.3.1.5, item d)].
e) Post-tgstinspeetion

Refer to the information in the general test method, post-test inspection [D.5.2.3.1.5, itemce)|:
D.5.2.3.4.4 Expression of results
The test frequency shall be expressed in cycles per second (Hz). Diameters and displacements shall be
expressed [n millimetres (mm). Axial lengthening or shortening shall be expressed|as a percentage (%).
D.5.2.3.4.7 Testreport
Refer to the information in the general test method, test report (see D.5.2.3.1.7) with the following.

The intended and measured minimum and maximum test article displacement shall be reported.

D.5.2.3.5

D.5.2.3.5.1

The purpo
when subj

clinical usq.

D.5.2.3.5.2

Refer to th

D.5.2.3.5.3

Refer to th

D.5.2.3.5.4

Refer to th

Bending fatigue and durability

Purpose

be of this test is to evaluate the long-termstructural integrity of the endovascular prosth
pcted to cyclic bending loading conditions appropriate for the device design and inten

Materials

e materials listed in the@eneral materials (see D.5.2.3.1.2).
Sampling

e informationinthe general sampling (see D.5.2.3.1.3).

Conditioning

e information in the general conditioning (see D.5.2.3.1.4).

esis
ded

D.5.2.3.5.5 Test method

Refer to the information in the general test method (see D.5.2.3.1.5) with the following:

This test method describes bending fatigue and durability testing that subjects the test article to a
specified amount of cyclic bending deformation. Bending deformation of the test article can be applied
using several methods (e.g. column buckling, bend on a mandrel, bend in an arc without a mandrel).
Testing is performed with a fatigue tester that induces an expected physiologic bending deformation
of the test article and can be performed with or without a mock artery. Each test article is inspected
periodically during the test for the occurrence of strut fracture, graft material holes and other aspects
of structural integrity.
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There is no standardized method for evaluating bending durability. An appropriate test method should
be defined based upon prosthesis design and the intended clinical environment. The use of pressure
within the mock artery and/or the test article might be helpful to aid in the reduction of the flattening
of the mock artery and/or the test article lumen. Three potential methods for evaluating bending
durability are provided in this document. An alternative method for evaluating bending fatigue and
durability may be used.

The three methods are as follows.

a) Column buckling
Ifa mocK artery IS used, the test article i1s deployed Into the mock artery and the,mock artery
is attached to a set of bending fixtures. If a mock artery is not used, the test article|is directly
attached to a set of bending fixtures. The bending fixtures are mounted on a machine| capable of
using rectilinear motion to impart consistent cyclic bending motion. A minimuim*and g maximum
bending radius is selected and applied.
b) [Bend on a mandrel
This test may be conducted with the test article directly attached td the apparatus or dgployed in a
mock artery which is attached to the apparatus. To create the bending action, the test afticle or the
mock artery with the test article is deflected around a mandrehor deformed between f{wo curved
mating blocks, resulting in the target maximum and minimdm radii of curvature.
c) |Bend in an arc without a mandrel
To dreate the bending action, the end of the test article or.the mock artery with the test article is moved
in aln arc or other defined path, resulting in the maximiym and minimum radii of curvature.
a) |Define test conditions
1) Loading conditions
Refer to the information in the-general test method, establish loading conditions [|D.5.2.3.1.5,
item a) 1)] with the following;
The loading conditionstof the test, that is, the intended minimum and maximum bending
conditions are based)on the anticipated clinical bending deformation. Force dquilibrium
models, finite element analysis or experimental evaluation can be used to establisH the target
bending deformation.
2) Mock arter$fif applicable)
Refer todthe information regarding the mock artery in the general materials (see D.5.2.3.1.2)
witli'the following.
The mock artery may or may not have a physiologically relevant compliance. The nmock artery
may be pressurized to aid in reduction of flattening of its lumen.
3) Testfrequency.
Refer to the information in the general test method, test frequency [D.5.2.3.1.5, item a) 3)].
4) Displacement conditions/control
Refer to the information in the general test method, displacement conditions/control
[D.5.2.3.1.5, item a) 4)].
b) Setup

Refer to the information in the general test method, set up [D.5.2.3.1.5, items b) 1) to 3)].
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c) Testing
Refer to the information in the general test method, testing [D.5.2.3.1.5, item c)] with the following:
1) set the frequency to the established rate and adjust the test system to achieve the intended
bending conditions. For the selected test apparatus (column buckling, bend on a mandrel or
bend in an arc without a mandrel), verify that the test article deformations are as intended.
After the target bending conditions are achieved, begin counting the cycles;
2) verify the bending deformation at regular time intervals to ensure that the defined values are
maintained. Adjust the system as necessary to maintain the desired operational target.
d) Termijxation
Refer to the information in the general test method, termination [D.5.2.3.1.5, item d)].
e) Post-tgstinspection
Refer to the information in the general test method, post-test inspection [D.5.238)1'5, item €)].
D.5.2.3.5.4 Expression of results
The test frequency shall be expressed in cycles per second (Hz). Diarhéters shall be expressed in
millimetrep (mm). Bending radius of curvature or displacement of the-test article shall be expressed in
millimetref (mm).
D.5.2.3.5.7 Testreport
Refer to the information in the general test method, test report (see D.5.2.3.1.7) with the following.
The test article intended and measured displacement or minimum and maximum radii of curvature
shall be reported.
D.5.2.3.6 |Torsional fatigue and durability
D.5.2.3.6.1 Purpose
The purpose of this test is to evaluate the long-term structural integrity of the endovascular prosthgsis
when subjected to cyclic torsional loading conditions appropriate for the device design and intenjded
clinical usqg.
D.5.2.3.6.2 Materials
Refer to the materials listed in the general materials (see D.5.2.3.1.2).
D.5.2.3.6.3 CSampling

Refer to the information in the general sampling (see D.5.2.3.1.3).

D.5.2.3.6.4 Conditioning

Refer to the information in the general conditioning (see D.5.2.3.1.4).

D.5.2.3.6.5 Test method

Refer to the information in the general test method (see D.5.2.3.1.5) with the following.

This test method describes a torsion durability test that subjects the test article to a specified amount
of cyclic torsional deformation. A repeated torsional motion is applied to the test article (i.e. rotation
with respect to the axis of the test article) or applied to a mock artery with the test article.
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To induce cyclic torsion to the prosthesis, the ends of the mock artery in which the test article has been
deployed are attached to an apparatus that cyclically rotates on one end of the mock artery while the
opposite end of the mock artery remains fixed. It is also acceptable to apply cyclic torsion to the test
article by securing both the test article and mock artery or the test article alone to the test apparatus.
The testing apparatus should be adjusted so that the amount of rotation between the mock artery or
test article attachment points is appropriate to induce the desired torsion in the test article. Each test
article is monitored during the test for the occurrence of strut fracture, graft material holes and other
aspects of structural integrity.

a) Define test conditions

b)

iy

2)

3)

4)

Setup

Loading condition

Refer to the information in the general test method, establish loading condjtions ||
item a) 1)] with the following.

The loading conditions of the test, that is, the intended minimum, dand’ maximun
conditions are based on the anticipated clinical deformation. Forcejeguilibrium mg
element analysis or experimental evaluation can be used to establish the target defd

Mock artery

Refer to the information regarding the mock artery in/the’general materials (see }
with the following.

Localized instability during torsion testing may oc¢cur if the wall thickness of the n
is too thin. Thicker-walled tubes may be used*in order to obtain the desired defo
the endovascular prosthesis. The mock artery’may or may not have a physiological
compliance.

Test frequency
Refer to the information in the general test method, test frequency [D.5.2.3.1.5, iten]
Displacement conditions/centiol

Refer to the informafion in the general test method, displacement conditic
[D.5.2.3.1.5, item a) 4]]ywith the following.

Establish the method to control torsional displacement applied during testing. Ver
test article achieves the intended deformation during the cyclic loading at the test
using a representative sample. The results of this verification activity should

establish the procedure for controlling the displacement of the test articles. For
it cantbe shown that torsional displacement of the test apparatus adequately corr
thefintended deformation of the test article, then this may be used to control {
displacement during testing.

D.5.2.3.1.5,

h torsional
dels, finite
rmation.

D.5.2.3.1.2)

ock artery
rmation of
ly relevant

a) 3)].

ns/control

fy that the
frequency
be used to
pxample, if
blates with
he applied

Refer to the information in the general test method, set up [D.5.2.3.1.5, items b) 1) to 3)] with the
following.

Ensure that the prosthesis is not twisted during mounting.

Adjust the test apparatus to yield the desired torsional displacement (i.e. torsion per test article
gage length).

Testing

Refer to the information in the general test method, testing [D.5.2.3.1.5, item c)] with the following:

© IS0 2017 - All rights reserved

95


https://standardsiso.com/api/?name=eae6b271c3c37671396da5f3767cc9d3

ISO 25539-1:2017(E)

1y

set the frequency to the established rate and adjust the test system to achieve the intended

minimum and maximum torsional displacement. Verify that the test article deformations are
as intended. After the torsional displacement targets are achieved, begin counting the cycles;

2)

verify minimum and maximum torsional displacement at regular time intervals to ensure

that the target values are maintained. Adjust the system as necessary to maintain the desired

op
d)

erational target.

Termination

Refer to the information in the general test method, termination [D.5.2.3.1.5, item d)].

Post-te

st inspection

Refer to the information in the general test method, post-test inspection [D.5.2.3.1.5, item €)].

D.5.2.3.6.6

The test f}
millimetre

D.5.2.3.6.7
Refer to th

The inteng
reported.

Expression of results

requency shall be expressed in cycles per second (Hz). Diameters shall be expresse
5 (mm). Torsional displacement shall be expressed in degrees per millimetre of length.

Test report
b information in the general test method, test report (seeD.5.2.3.1.7) with the following.

led and measured minimum and maximum test article torsional displacement shal

D.5.2.4 FHixation and seal

D.5.2.4.1

D.5.2.4.1.1
This test aj

Determine
compare t
through ev

The evalug
uses for w
clinical seq

D.5.2.4.1.2

Leakage at seal zone

Purpose
pplies to a device design maodification that may affect the seal zone(s).

the leakage between the seal zone(s) of the endovascular prosthesis and a mock artery
he results to those for, the unmodified device. This requirement can alternatively be
aluation of Type l.éndoleaks in a clinical study.

tion of seal zone leakage is not necessary for endovascular prostheses intended for clin
hich seal zoné¢leakage is unlikely to occur or would not likely be associated with adv¢
uelae (eg~treatment of occlusive lesions).

Materials

be

and
met

ical
brse

The follow

modifi

Ng materials apply:

ed and unmodified endovascular prostheses;

use (IFU);

test fixture(s) incorporating a mock artery to simulate the proximal and distal landing zones

temperature (37 + 2) °C and appropriate pressure;

allow the necessary pressure differential across the graft material, if appropriate;

96

accessory devices necessary to accomplish deployment in accordance with the instructions for

pressurized fluid fixture capable of delivering water or appropriate fluid, at physiological

a means of lowering the prosthesis graft material permeability to water or other test fluid so as to
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— a means for accurately measuring or determining the total leakage at the proximal and distal

prosthesis seal zones;

timer.

D.5.2.4.1.3 Sampling

Sampling shall be in accordance with D.2.

D.5.2.4.1.4 Conditioning

Con

D.5
Dev
a)
b)

A

D.5
The

D.5
The

stapdard deviation of the seal zone\leakage rate and abnormal observations for the mg

unn
of c

D.5

D.5

Thd
whd

D.5

ditioning shall be in accordance with D.3.

2.4.1.5 Test method
elop a test method based on the following steps:
Insert the test article into the test fixture.

Connect the test fixture to the fluid system and allow the test syStem to stabilize at ph
temperature, flow and pressure.

Measure and record the amount of test fluid leaking betwee€n the mock artery and the
(i.e. not through the test article wall) and the elapsed time‘over which leakage occurred

2.4.1.6 Expression of results

seal zone leakage shall be expressed in millilitres per minute (ml/min).

2.4.1.7 Testreport

test report shall be in accordancelwith D.4 and include the maximum, minimum,

bnstruction shall be reported.and justified.
2.4.2 Migration resistance

2.4.2.1 Purpose

purpose of<this test is to evaluate the ability of the endovascular prosthesis to resist
n subjected to force or pressure.

2.4{22° Materials

Th

ysiological

test article

mean and
dified and

hodified devices. The test fluid viscosity and density, pressure and flow rate and the model material

migration

Ll - b - | 1
TUHTUWIIT G TT1dLTI1d1S dPpPly.

endovascular system;

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

the prosthesis that is under test.

accessory devices necessary to accomplish deployment in accordance with the instructions for

use (IFU);

biological or synthetic mock artery with appropriate diameter, simulated seal zone length and
mechanical properties for the endovascular prosthesis design (e.g. to accommodate hooks/barbs);

test fixture capable of securely holding the mock artery and the endovascular prosthesis;
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