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Foreword

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

This part of ISO 25539 has been prepared in order to provide minimum requirements for endovascular
prostheses and the methods of test that will enable their evaluation. It is the first part of a proposed three-part
International Standard. ISO/TS 15539, from which this part of ISO 25539 is derived, serves as a rationale for
the requirements. The Technical Specification was developed by first identifying the design requirements for
endovascular implants and listing the potential implant and clinical failure modes. Tests were then identified to
addfess each of the faifure modes.The requirements provided m this part of 1SO 25539 are based on that
assessment.

Dugq to the variations in the design of implants covered by this part of ISO 25539 and in some’cases due to the
relatively recent development of some of these implants, acceptable standardized in\vitro tests |and clinical
results are not always available. As further scientific and clinical data become available, appropriate revision
of this part of ISO 25539 will be undertaken.

© 1SO 2003 — Al rights reserved \
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INTERNATIONAL STANDARD ISO 25539-1:2003(E)

Cardiovascular implants — Endovascular devices —

Part 1:
Endovascular prostheses

1 |Scope

1.1| This part of 1SO 25539 specifies requirements for endovascular prostheses, '‘based upon current
medical knowledge. With regard to safety, it gives requirements for intended performance, desigp attributes,
materials, design evaluation, manufacturing, sterilization packaging and inférpration supplied by the
ma{ufacturer. It should be considered as a supplement to ISO 14630, which spécifies general requirements
for the performance of non-active surgical implants.

1.2 This part of 1ISO 25539 is applicable to endovascular prostheses“used to treat arterial janeurysms,
artefial stenoses, or other appropriate vascular abnormalities.

1.3| This part of ISO 25539 is applicable to delivery systems if)they comprise an integral component of the
deployment of the endovascular prostheses.

1.4| This part of ISO 25539 is not applicable to vascularioccluders, with the exception of contrg-lateral iliac
occluders when used as an integral part of an aorto-uni-iliac device. See 1ISO 14630 for excluded products.

1.5| This part of ISO 25539 is not applicable to\procedures and devices used prior to the introddction of the
endpvascular system (defined in 3.6), such asballoon angioplasty devices.

2 |Normative references
Thel| following referenced documents are indispensable for the application of this document| For dated
references, only the edition cited" applies. For undated references, the latest edition of the|referenced
docpment (including any amendments) applies.

ISO[7198:1998, Cardiovascular implants — Tubular vascular prostheses

ISO[11134:1994, Sterilization of health care products — Requirements for validation and routing control —
Indystrial moist:heat sterilization

ISO[ 1113534994, Medical devices — Validation and routine control of ethylene oxide sterilization

ISO| 14437:1995, Sterilization of health care products — Requirements for validation and routine control —
Radratiomrsteritization

ISO 10993 (all parts), Biological evaluation of medical devices
ISO 11607:1997, Packaging for terminally sterilized medical devices
ISO 13485, Medical devices — Quality management systems — Requirements for regulatory purposes

ISO 13488:1996, Quality systems — Medical devices — Particular requirements for the application of
ISO 9002

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

© 1SO 2003 — Al rights reserved 1
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ISO 14160, Sterilization of single-use medical devices incorporating materials of animal origin — Validation

and routine

control of sterilization by liquid chemical sterilants

ISO 14630:1997, Non-active surgical implants — General requirements

ISO 14937, Sterilization of health care products — General requirements for characterization of a sterilizing
agent and the development, validation and routine control of a sterilization process for medical devices

ISO 14971:2000, Medical devices — Application of risk management to medical devices

3 Terms.and definitions

For the pu
following ap

31

attachmen
system inte
prevent mid
NOTE 1

3.2

poses of this document, the terms and definitions given in ISO 7198 and ISO 14630~and
ply.

system

ration

[he system may also prevent blood flow on the outside of the prostheses at‘therattachment sites.

delivery s
system or

NOTE i

3.3
determine
quantitative

34

endoleak
persistence
adjacent va

NOTE H
a Type
a Type

a Type
compor

tem
echanism used to deliver the endovascular prosthesis to the targeted position

'he delivery system is removed after implant placement.

y appraise or analyse

of blood flow outside the lumen, of an endovascular prosthesis but within an aneurysm sa
scular segment being treatedsby'the graft

Fndoleaks are catagorized.as-follows:
endoleak is periprosthetic and occurs at the proximal or distal attachment zone;
| endoleak is caused by retrograde flow from patent branch arteries, for example lumbar and intercostal;

Ill endoleak’ arises from a defect in the graft material or from an inadequate seal between modular
ents;

the

gral to the endovascular prosthesis that is designed to interface directly with"vessel wall in ord¢r to

c or

graft

\“endaleak is due to graft permeability often identified by a generalized blush of contrast withi

the

a Type

aneurysm sac.

3.5

endovascular prosthesis
endovascular graft
endovascular implant
transluminally placed vascular prosthesis, residing partially or completely within a vascular conduit to form an
internal bypass or shunt between sections of the vascular system
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3.6

ISO 25539

endovascular system
system used to treat a vascular lesion from within the vessel, typically comprised of an endovascular
prosthesis and its delivery system

-1:2003(E)

NOTE 1  An abdominal aortic aneurysm is an example of a vascular lesion which can be treated with an endovascular
system.

NOTE 2  For the purposes of this part of ISO 25539, the delivery system as well as the implant are included within this
definition.

3.7

evajuate

qualitatively appraise or analyse

3.8

graft material

nontmetallic component of the endovascular prosthesis

3.9
rep
con

The)

5.1

The
acc

brtable clinical events
plications or failures that may be observed with clinical use of the endovascular system

Intended performance

requirements of Clause 4 of ISO 14630:1997 shall apply-

Design attributes
General

requirements of Clause 5 of ISO 14630:1997 shall apply. In addition, the following shall be
bunt:

with regard to oxidation potential: the possibility of crevice corrosion passivation level over
parts;

with regard to wear: fretting corrosion;

with regard to interface between implant and body:
1) fixation hooks if present;

2) relative movement between implant and tissue;

3)-, forces exerted by the device on the surrounding tissue;

taken into

he relevant

d)

e)

4) forces required to deform the implant if the deformation is permanent;
expected ingrowth, penetration, perforation, tilting and migration;

introduction and delivery systems.

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

© 1SO 2003 — Al rights reserved
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5.2

Delivery system

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

a)

5.3

the ability of the system to permit consistent, accurate and safe access to the intended location;
the ability of the system to permit consistent, accurate and safe deployment of the implant;
the ability of the system to permit consistent and safe withdrawal of the delivery system;

the

ISO 10093 series;

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

the visipility of the system under fluoroscopy or other technologies.

Implant

The design|attributes to meet the intended performance of the implant shall additienally take into account at

least the following:

a)

f)

the ability of the implant to be consistently, accurately and safely deployed;
the ability of the implant to ensure effective fixation within the vaseulature;
the ability of the implant to maintain adequate integrity;

the abllity of the implant to prevent blood from flowing" through the implant wall as appropriate t¢ its
intendgd use;

Changes in wall permeability after implantation(shall be taken into account.

the appropriate interaction between and_among the modules of endovascular systems designed with
modulgr components (modularity);

the conmsistency of the implant dimensions and its design for compatibility for use in specified vessel
diameters;

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

the compatibility of the-implant with exposure to magnetic resonance imaging (MRI) fields;

the coinplianceof the implant with the requirements of ISO 10993-1 and appropriate other parts of| the
ISO 10993 skries;

the visibih

Materials

The requirements of Clause 6 of ISO 14630:1997 shall apply. Additional testing specific to certain materials
should be performed to determine the appropriateness of the material for use in the design. For example,
Nitinol materials dependent on shape-memory properties should be subjected to testing in order to assess
transformation properties.

© ISO 2003 — Al rights reserved
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7 Design evaluation
7.1 General

The requirements of Clause 7 of ISO 14630:1997 shall apply. A risk analysis shall be carried out in
accordance with the requirements of ISO 14971.

NOTE All testing may not be appropriate for all prosthesis designs.

Justification shall be provided for the properties not measured for characterization.

It is|impossible to take into consideration all future and emerging technologies. These emerging-technology
progtheses will need to follow the basic test protocols of this part of 1SO 25539 to ~characterize the
endpvascular system. Testing beyond the scope of this part of ISO 25539 may alsé|be necessary to
chafacterize new emerging-technology prostheses. Consideration shall be given to the"failure modes of the
progtheses and their effects on the performance of the implant in identifying the.appropriate festing. For
compound prostheses, as defined in ISO 7198:1998, 3.9, although it may be appropriate to condpict some of
the [testing described in this part of ISO 25539 on components of the prosthesis} testing of the endovascular
sysfem as a whole is also required. In addition, if the compound prosthesis‘is partially consfructed of a
resqgrbable component, the non-resorbable portion of the implant shall be eharacterized as well as|the implant
as g whole.

Each segment of a composite prosthesis, as defined in 1ISO 7198:4998, 3.8, shall be tested. In addition, any
manufactured anastomosis shall satisfy the requirements of this ‘part of 1ISO 25539 relating to leakage and
factpry anastomotic strength.

Retesting shall be performed whenever significant changes are made in materials, construction, cgnfiguration,
application, or processing methods.

A complete description of the validated test methods and sample preparation procedures used to pddress the
reqlirements of this part of ISO 25539 shall be documented by the manufacturer. The method and sample
sizgl chosen shall be justified. Where acceptance criteria are not specified, the manufacturer shall ¢valuate the
acceptability of the results against predetermined criteria.

For|certain design attributes, the use’ of a reference device should be considered.

If it fan be justified that sterilization has no effect on the characteristics of the device that are under evaluation,
the required tests may be carried out on non-sterilized devices.

7.2| Delivery (and/or-endovascular) system
7.2/1 Ability tolaccess
7211  General

Thel ability of the system to permit safe, consistent and accurate access to the intended locatijon shall be
evaluated

Hazards to be evaluated include, but are not limited to, the following:

a) guidewire not crossing the lesion;

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

d) emboli generation;

e) implant dislodgement.

© 1SO 2003 — Al rights reserved 5


https://standardsiso.com/api/?name=afb70dd58075e67e77e4997386066e7e

ISO 25539-1:2003(E)

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

access

failure;

vascular trauma;
neurological deficit;
ischaemia;

spinal neurological deficit;

emboli

Testing shdll include the following items listed in 7.2.1.2 through 7.2.1.12, as appropriate to the design of

endovascul
7.21.2 E

Determine

under reconmended conditions of use. The results shall be evaluated in relation to)the force(s) necessa

access, dej

7.21.3 (

pation.

ar system.

Bond strength

he longitudinal bond strength between parts of the delivery system. All(bonds shall remain i
loy and withdraw the system.

Lomponent dimension compatibility

Determine

accessorieg. All components shall be dimensionally compatible.

7.21.4
Determine
7.21.5 H

Evaluate th
to be negot

7.21.6 H

Determine the maximum diameter,along defined sections of the endovascular system.

7.21.7 H

Evaluate th
buckling.

7.21.8 \

he dimensions of the endovascular system for compatibility- with the dimensions of recommerj

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

e ability of the endovascular system.to bend in order to accommodate the minimum radius or a
ated during access and delivery.

rofile

Pushability

b ability af the endovascular system to be pushed or positioned by an operator without bendin

[isibility

the

tact
y to

ded

ngle

g or

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

7.21.9

Simulated use

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

7.21.10 Torquability

Evaluate the ability of the endovascular system to provide sufficient rotation to the distal (leading) end to

deliver the i

mplant within the anatomy in accordance with the design constraints of the system.

© ISO 2003 — Al rights reserved
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7.2.1.11 Torsional bond strength

Determine the torque required to break joints and/or materials in the appropriate delivery system components.
The results shall be evaluated in relation to the force(s) necessary to access, deploy and withdraw the system.

7.2.1.12 Trackability

Evaluate the ability of the endovascular system to advance over the recommended guidewire and to follow the
guidewire tip along the path of the vessel, including in narrow, tortuous vessels.

7.2.2 Ability to deploy

7221 General
Thel ability of the system to permit safe, consistent and accurate deployment of the implant shall bg evaluated.
HaZzards to be evaluated include, but are not limited to, the following:
a) |inability to fully and properly deploy the prosthesis;

b) |disproportionate dimensions and properties, such as balloon compliance and burst pressurg, of balloon
relative to endovascular system and vessel (if applicable);

c) |implant dislodgement;

d) |balloon failure (if applicable);

e) |damage of implant components by other components;
f) |inadequate visualization;

g) |emboli generation.

Thesse hazards can result in the following reportable clinical events, including but not limited to the following:
— | delivery system failure;
— | spinal neurological deficit;
— | neurological deficit;

— |vascular trauma;

— |ischaemia;

— | émpolization;

— damage to implant.

Testing shall include the following items listed in 7.2.2.2 through 7.2.2.14, as appropriate to the design of the
endovascular system.

7.2.2.2 Bond strength

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

© 1SO 2003 — Al rights reserved 7
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7.2.2.3

Balloon inflation time

Determine the time required to expand the balloon to the maximum recommended inflation pressure.

7.2.2.4

Balloon deflation time

Determine the time required to deflate the balloon and characterize the ability to remove the deflated balloon.

7.2.2.5

Balloon mean burst pressure

Determine the mean burst pressure.

7.2.2.6
Determine
Designate t
7.227 B

Determine
including re

Designate

7.228 (

alloon rated burst pressure

he burst pressure with an appropriate safety margin including reliability parameters.
he maximum recommended inflation pressure and operating pressure(s).

Balloon rated fatigue

the maximum number of recommended inflation cycles to the recommended inflation pres
iability parameters.

he maximum recommended number of inflation cycles.

Lomponent dimension compatibility

Determine

he dimensions of the endovascular system for compatibility with the dimensions of recommerj

accessorieg. All components shall be dimensionally compatible.

7.2.2.9

Determine

7.2.210 H

imensional verification
he appropriate dimensions for conformance with design specifications.

orce to deploy

Determine the force to deploy the implant.

7.2.211 \

Evaluate th
fluoroscopyj

g

\

7.2.2.12

Evaluate th

[lisibility

e ability to vistalize the implant and delivery system during placement and deployment u
The use of 6ther technologies shall be justified.

imulated use

e~performance of the endovascular system using a model that simulates the intended

pure

ded

s5ing

use

conditions.

7.2.2.13 Torsional bond strength

Determine the torque required to break joints and/or materials in the appropriate delivery system components.

7.2.2.14 Tubing tensile strength

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

© ISO 2003 — Al rights reserved
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The ability of the system to permit safe and consistent withdrawal of the delivery system shall be evaluated.

Hazards to be evaluated include, but are not limited to, the following.

a)

improper balloon deflation (balloon expandable);

balloon winging (balloon expandable):

Tes
end

7.2,

lack of structural integrity;

emboli generation;

diameter mismatch;

implant dislodgement;

damage of endovascular system components by other components;
delivery system snags on the implant;

inadequate visualization.

se hazards can result in the following reportable clinicalevents, including but not limited to the
delivery system failure;

neurological deficit;

vascular trauma;

ischaemia;

spinal neurological deficif;

embolization;

damage to implant.

ting shalk include the following items in 7.2.3.2 through 7.2.3.9, as appropriate to the de
bvascular'system.

3:2) Bond strength

following:

sign of the

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

7.2.3.3 Component dimension compatibility

Determine the dimensions of the endovascular system for compatibility with the dimensions of recommended
accessories. All components shall be dimensionally compatible.

7.2.3.4 Dimensional verification

Determine the appropriate dimensions for conformance with design specifications.

© 1SO 2003 — Al rights reserved
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7.2.3.5

Flex/kink

Evaluate the ability of the delivery system to bend in order to accommodate the minimum radius or angle to be
negotiated during withdrawal.

7.2.3.6

Visibility

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

7.2.3.7

Simulated use

Evaluate th
conditions.

7238 1
Determine {
7239 1
Determine f{

7.2.4 Bio

Biocompati
ISO 10993

e performance of the endovascular system using a model that simulates the intended

orsional bond strength

he torque required to break joints and/or materials in the appropriate delivery,system compone
ubing tensile strength

he strength of the tubing used in the delivery system as appropriate fo the material.
compatibility

ility should be tested in accordance with ISO 10993-1 and appropriate other parts of
Series.

7.2.5 Haemostasis

7.2.51 General

The ability ¢f the system to minimize blood loss.shall be evaluated.

Hazards to pe evaluated include, but are not limited to, the following:

a) size mismatch;

b) seal ingompetence;

c) other lgakage.

These hazdrds can result’in the following reportable clinical events, including but not limited to the followin
— procedpral bleeding;

— haematoffia:

use

nts.

the

Testing shall include the following items listed in 7.2.5.2 and 7.2.5.3, as appropriate to the design of the
endovascular system.

7.2.5.2

Dimensional verification

Determine the appropriate dimensions for conformance with design specifications.

7.2.5.3

Assessment of haemostasis

Evaluate the ability of any seal or valve in the delivery system to maintain an adequate haemostatic seal.

10
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Implant

7.3.1 Ability to accurately deploy

7.31.1 General
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The ability of the system to permit safe, consistent and accurate deployment of the implant at the intended
lesion location shall be evaluated.

Haz

ards to be evaluated include, but are not limited to, the following:

a)

Tes
end

7.3.

Det

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

inadequate visualization.

se hazards can result in the following reportable clinical events, including,but not limited to the
branch vessel occlusion;

delivery system failure;

attachment site leak;

prosthesis migration;

lumen obstruction;

ischaemia;

aneurysm enlargement;

aneurysm rupture;

vascular trauma.

ling shall include.the following items listed in 7.3.1.2 through 7.3.1.4, as appropriate to the d
bvascular system.

1.2 Implant length to diameter relationship

brmine the relationship between implant length and expanded implant diameter.

following:

psign of the

7.3.

1.3  Visibility

Evaluate the ability to visualize the implant during deployment and after withdrawal using fluoroscopy. The use
of other technologies shall be justified.

7.3.

1.4 Simulated use

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

© 1SO 2003 — Al rights reserved
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7.3.2 Fixation effectiveness

7.3.21  General

The ability of the system to permit effective fixation of the implant within the vasculature shall be evaluated.
Hazards to be evaluated include, but are not limited to, the following:

a) incomplete apposition to vessel wall;

b) excessive or inadequate radial outward force.

These hazdrds can result in the following reportable clinical events, including but not limited to the following:
— attachment site leak;

— prosthgsis migration;

— lumen pbstruction;

— vascular trauma;

— trauma|to adjacent structures;
— branch|vessel occlusion;

— aneurypm enlargement;

— aneurypm rupture.

Testing shall include the following items in 7.3.2.2\through 7.3.2.8, as appropriate to the design of| the
endovasculpr system.

7.3.2.2 (Gonformability to vessel wall

Evaluate thg ability of the implant to mdintain adequate contact with the vessel wall.
7.3.2.3 Crush resistance

Determine the minimum forcé-at which permanent deformation or full collapse occurs.

7.3.24 local compression

7.3.2.5 igration resistance

Determine ’l:me elastic’ deformation of the implant in response to localized compressive force.

Determine the ability of the implant to remain stationary under simulated use.

7.3.2.6  Radial outward force

The force exerted by a self-expanding implant shall be measured as a function of the implant diameter.
7.3.2.7 Recoil

Determine the amount of device diameter elastic recoil (percent of device diameter reduction) after the
deployment of the implant. Correlate this recoil to recommended sizing.
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7.3.2.8 Simulated use

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

7.3.3 Implant integrity

7.3.31 General

The

ability of the implant to maintain integrity shall be evaluated.

Haz
a)
b)
c)

The)

ards to be evaluated include, but are not limited to, the following:
structural failure of implant;

loss of complete apposition to vessel wall;

leaking.

se hazards can result in the following reportable clinical events, including,but not limited to the
stent/attachment system fracture;

graft dilatation/rupture;

implant thrombosis;

prosthesis migration;

attachment site leak;

aneurysm enlargement;

aneurysm rupture;

transgraft leak;

vascular trauma;

lumen obstructier/stenosis;

ischaemia;

traumato adjacent structures.

Tes

ing’shall include the following items listed in 7.3.3.2 through 7.3.3.9. as appropriate to the d

following:

psign of the

endovascular system.

7.3.3.2  Burst/circumferential strength

Determine the burst strength and/or the circumferential strength of the appropriate components of the implant

and

of the finished product in accordance with ISO 7198:1998, 8.3.3 or 8.3.1, respectively.

7.3.3.3 Corrosion

Eva

luate the susceptibility of the material(s) to corrosion in an actual or simulated environment.

© 1SO 2003 — Al rights reserved
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Factory anastomotic strength

Determine the tensile strength of any manufactured anastomosis in accordance with ISO 7198:1998, 8.3.2.4.

7.3.3.5

7.3.3.5.1

Durability

General

The following items shall be considered in evaluating durability:

— potential failure modes. such as wear, strut fracture. weave separation. delamination. and suture breaks;
— radial gnd axial loads, and other in vivo loads.

These item$ shall be considered in the context of anatomic variability and morphologic changes.

7.3.3.5.2 |Stress/strain analysis

Evaluate the stress/strain characteristics of the implant when subjected to a worst=case physiological |oad
using apprdpriate tools, such as Finite Element Analysis (FEA).

7.3.3.5.3 |Fatigue

Evaluate the long-term dimensional and structural integrity of the implant. This includes the integrity of all
parts of the|implant and their connections and contact areas among each other.

Fatigue tesfing of the implant shall include in vitro testing until 10years equivalent cycles (at least 380 million)
have been applied to each device under test. If the intended implant life is less than 10 years, shorter durgtion

fatigue testi

The test co
tested, and

The frequency of the test shall be set such that the deformation of the implant under test is no less than

deformation

temperaturgs, not less than 37 °C.

73.3.6 L

Determine the longitudinal tensijle’strength of the implant.

q

\

7.3.3.7

Assess the

g

\

7.3.3.8

hg may be appropriate and shall be justified.

hditions shall be justified, and include but@re not limited to the number of samples, implant s

the frequency used in the testing.

of the implant at physiologic heart rates. Fatigue testing shall be conducted using physiol

ongitudinal tensile strength

strength afterarepeated puncture (for arterial-venous shunt for vascular access)

ability ef'th€é implant to withstand repeated punctures.

trength of stent/attachment system to graft bond (e.g. adhesive, sutures)

Zes

the
bgic

Evaluate the strength of the connection of the graft to the stent/attachment system.

7.3.3.9

Visual inspection

The prosthesis shall show no discontinuities in construction, and shall show no dirt, soiled areas, spots, stains,

loose partic

14

les or other defects that would render the prosthesis unsuitable for its intended use.
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7.3.4 Permeability

7.3.41 General

The ability of the implant to be impermeable to blood flow through the implant wall shall be evaluated.
Changes in permeability after implantation shall be taken into consideration.

Hazards to be evaluated include, but are not limited to, the following:

a) leaking.

These hazards can result in the following reportable clinical events, including but not limited toa'thé following:
— |transgraft leak;

— |aneurysm enlargement;
— |aneurysm rupture.

Testing shall include the following items listed in 7.3.4.2 and 7.3.4.3as appropriate to the dgsign of the
endpvascular system.

7.3.4.2 Porosity, water permeability, and water entry pressure
Evaluate the porosity, water permeability and water entry pressure as appropriate to the| implant in

accprdance with ISO 7198:1998, 8.2.1, 8.2.2, 8.2.4. Justification shall be provided for the property (or
pro;Lerties) selected to be measured.

7.3.4.3 Integral water permeability/leakage

Detérmine the integral water permeability/leakage of the finished implant in accordance with 1SO(7198:1998,
8.2.8.

7.3.p Modularity
7.3.6.1 General

The| ability of the system-~to permit appropriate interaction between and among the modules as [appropriate
sha|l be evaluated.

HaZzards to be evaluated include, but are not limited to, the following:
a) |dimensional mismatch;

b) |inaccurate positioning or orientation;

c) separation between modules;

d) damage to or obstruction of modules by other modules;

e) angulation or kink between modules.

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

— attachment site leak/intracomponent leak;

© 1SO 2003 — Al rights reserved 15


https://standardsiso.com/api/?name=afb70dd58075e67e77e4997386066e7e

ISO 25539-1:2003(E)

— vascular trauma;
— branch vessel occlusion;
— aneurysm enlargement;
— aneurysm rupture;
— lumen obstruction;

— ischaemia-

Testing shdll include the following items listed in 7.3.5.2 through 7.3.5.5, as appropriate to the desigr’ of the

endovasculpr system.
7.3.5.2 imensional verification
Determine the appropriate dimensions for conformance with design specifications.

7.3.5.3  Flex/kink

Determine I]:m

7.3.5.4

Determine bility of the implant to remain stationary under simulated-tse.

7.3.5.5 Rull test for modular components

Determine the force required to disengage modular components under simulated use conditions.
7.3.6 Sizipg

7.3.6.1 General

e minimum radius of curvature that the implant can accommodate without kinking.

igration resistance

The ability ¢f the system to permit adequate fixation of the implant within the vasculature by appropriate siging

through corjsistent dimensions shall beyevaluated.

Hazards to pe evaluated includé;but are not limited to, the following:
a) inapprgpriate sizing.

These hazdgrds can résult in the following reportable clinical events, including but not limited to the following:

— stent/ajtachment system failure;

— prosthesis migration;
— implant thrombosis;

— attachment site leak;
— aneurysm enlargement;
— aneurysm rupture;

— branch vessel occlusion;

16
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— vessel trauma;

— trauma to adjacent structures;
— lumen obstruction;

— ischaemia.

Testing shall include the following items listed in 7.3.6.2 through 7.3.6.6, as appropriate to the design of the
endovascular system.

7.3.6.2 Implant length to diameter relationship

Determine the relationship between implant length and expanded implant diameter.
7.3.6.3 Dimensional verification

Determine the appropriate dimensions for conformance with design specifications.
7.3.6.4 Recoil

Determine the amount of elastic recoil after deployment of the implant:-Correlate this recoil to regommended
sizimg.

7.3.6.5 Simulated use

Evaluate the performance of the endovascular system®using a model that simulates the infended use
conflitions.

7.3.6.6 Implant diameter to balloon inflation\pressure

For|balloon expandable implants, determine the relationship between the implant diameter and [the balloon
inflgtion pressure.

7.3.f Patency
7.37.1 General
Thel ability of the implantto-maintain an open lumen shall be evaluated.

Hazards to be evaluated include, but are not limited to, the following:

a) |kinking;
b) |twisting;
c) Tmaccuratedeptoyment;

d) deformation;
e) thrombus generation.

These hazards can result in the following reportable clinical events, including but not limited to the following:
— implant thrombosis;
— lumen obstruction;

— restenosis;
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— abrupt reclosure;

— angina;

— recurrence of portal hypertension;
— myocardial infarction;

— ischaemia;

— pulmonary embolism.

—

Testing shdll include the following items listed in 7.3.7.2 through 7.3.7.7, as appropriate to the design ©of the

endovasculpr system.

7.3.7.2 adial outward force

The force ekerted by a self-expanding implant shall be measured as a function of the impfant diameter.
7.3.7.3 rush resistance

Determine the minimum force at which permanent deformation or full collapse occurs.

7.3.7.4  Simulated use

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

7.3.7.5 Stent free surface area

Determine fhe percentage change in free or open area as\a function of stent diameter.

7.3.7.6  lHocal compression

Determine the elastic deformation of the implant’in response to localized compressive force.
7.3.7.7  Rlex/link

Determine the minimum radius of(curvature that the implant can accommodate without kinking.
7.3.8 Magnetic resonance-imaging (MRI) compatibility

Evaluate thg safety and-ecompatibility of the implant with the use of MRI.

Hazards to pe evaluated include, but are not limited to, the following:

a) lack of|quality imaging (artefact);

b) movement or heating of the implant.

These hazards can result in the following reportable clinical events, including but not limited to the following:
— vascular trauma;

— implant migration.

NOTE The MRI artifact generated caused by some implants can compromise the effectiveness and limit the use of
MRI in patients with these implants.
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7.4 Preclinical in vivo evaluation

7.41 Purpose

The purpose of preclinical in vivo testing is to evaluate the deployment of the endovascular graft and the
capacity of the prosthesis to maintain physiological function, and to determine the response of both the host
and the prosthesis. The study(s) shall evaluate the suitability of the endovascular system for its intended use
in clinical investigation.

7.4.2 Specific aims

Specific aims of the study shall be stated and may include the following, as appropriate.

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

b) |Evaluate the handling and visualization of the delivery system and visualization of.the implant.

c) |Verify the accuracy and efficacy of deployment.

d) |Characterize the ability to withdraw the delivery system.

e) |Evaluate the appropriateness of implant sizing.

f) |Evaluate the functional haemostasis of the delivery system and’sheath introducer.

g) |Evaluate the position, structural and material integrity;<and functionality of the implant acutgly and over
time and at explantation.

h) [Evaluate histology and pathology of explants and pertinent tissues/organs.

i) |Record adverse events.

7.4.3 Protocol

Each type of prosthesis shall be tested by implantation at the intended, or an analogous, vascular site in at

leagdt six animals for at least 26 wigeks in each animal, unless a justification for a shorter study is prpvided. The

typg and intervals of interim~assessments shall be specified and justified. For novel technologies, interim

sacfifices and longer implant durations may be indicated. As far as permitted by the limitations of the animal

model, all devices used shall be of clinical quality and size, and of the design intended for clinical use.

All animals in the study shall be regularly examined, and ailing animals shall be subjected to immgdiate post-

mortem examination. The cause of death or iliness, and the extent to which the implant was implicated, shall

be documentedHistological and pathological assessment of explants and appropriate tissues/organs shall be

proyided. A_control may be appropriate for comparison purposes.

Thel| design of the preclinical in vivo testing, including the experimental protocol, measurement njethods and

dat i justifi iti i i i K, age, and

whether or not a lesion is created, shall be justified and shall be consistent with the study objectives.
Implantation shall be consistent with the recommended instructions for clinical use as far as permitted by the
limitations of the animal model.

NOTE

See ISO/IEC 17025 for guidance on appropriate laboratory practices.

7.4.4 Data acquisition

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

a)

identification data:

© 1SO 2003 — Al rights reserved
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1) source of animals;
2) animal identification;
3) gender;

4) date of birth;

5) mass;

b) pre-operative data:

1) veyification of health status, including appropriate blood testing;
2) medication (e.g. prophylactic antibiotics);
c) operatiye data:
1) date of procedure;
2) name of person performing procedure;
3) depcription of the implant procedure including;
i) | prosthesis identification number;

~

in situ length and diameter of prosthesis;
iii)) amount of oversizing;
iv)| use of systemic antiplatelet/anticoagulanttherapy;

4) aspessment of accuracy and efficacylof insertion of delivery system and deployment of|the
endovascular implant;

5) aspessment of handling and vistialization of the delivery system and visualization of the implant;
6) aspessment of efficacy of-withdrawal of delivery system;

7) aspess appropriateness of sizing and sizing scheme;

8) amount and location of blood loss;

9) aspessment.of position, structural and material integrity, and functionality of the implant;

10) adyverse perioperative events;

d) post-operative and follow-up data:
1) medications, including those that affect coagulation;

2) observation of endoleaks, structural integrity, functionality and position of implant, method of
visualization, and date;

3) adverse events, date of occurrence, therapy, and outcome;

4) any maijor deviation from protocol;
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e) termination data:

1) observation of endoleaks, structural integrity, functionality, patency and position of implant, method of
visualization and date of sacrifice;

2) gross alteration in the dimensional, chemical and physical properties of the implant and components;
3) histological and pathological assessment of explants and appropriate tissues/organs.

7.4.5 Test report and additional information

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

Thel test report shall include the following:

a) |study protocol;

b) |rationale for selection of the following:

1) animal species;

2) implantation site;

3) implantation periods;

4) methods of assessment;

5) intervals of observation;

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

c) |summary of results:

1) animal accountability, including rationale for exclusion of data;
2) success rates per objectives;

3) summary of adverse events;

4) summary ¢f'early deaths or sacrifices for cause;

5) operatar opinion of ease of deployment, visualization and handling;

6) . significant and/or relevant deviations from protocol;

7 O Try O Patrtorogy TP oo pPPTroprotc—troouc ororgarto,

representative gross photographs and micrographs, over time;

ZY crmmnary  of oathalanygy ~And hictalacngy ~Af AvAlantc AnA  Annranreiats  ticorino/Araand inC|Udin
and—histology—e pls—a g

8) summary of any changes in position, structural and material integrity, and functionality of the implant;
9) conclusions from study;

10) summary of quality assurance and data auditing procedures.
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7.5 Clinical evaluation
7.5.1 Purpose

The purpose of clinical evaluation is to evaluate the performance of the delivery system and assess the safety
and efficacy of an endovascular prosthesis. This evaluation is not intended to demonstrate the long-term
performance of the prosthesis. An investigation shall be carried out for each new prosthesis or new clinical
application of a prosthesis prior to market approval, using the principles given in ISO 14155 or an equivalent
publication. Significant design changes that can impact safety and performance shall require clinical
evaluation. Additional prosthesis sizes outside the previously evaluated range may require clinical evaluation.
The prosthesis shall have satisfied all appropriate preclinical testing requirements of this part of ISO 25539
before the glinical investigation is begun.

7.5.2 Spegific aims
Specific aims of the study shall be stated and may include the following, as appropriate.

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

b) Evaluate the handling and visualization of the delivery system and visualization.ofthe implant.
c) Verify tLe accuracy and efficacy of deployment.

d) Charadgterize the ability to withdraw the delivery system.

e) Evaluate the appropriateness of implant sizing.

f)  Evaluale the functional haemostasis of the delivery systemiand sheath introducer.

g) Evaluate the position, structural and material integrity;” and functionality of the implant acutely and pver
time.

h) Monitof lesion characteristics and implant pasitioning (over time).

i)  Report|the early and late conversions and the cause.

i) Evaluate histology and pathology-of-any explants and pertinent tissues/organs.
k) Record reportable clinical events.

7.5.3 Profocol

A multicenfre study fat¢a minimum of three investigational sites) shall be performed. A justification for| the

number of |nvestigational sites shall be provided. A statistical justification for the number of patients stugdied
shall also bg provided based upon the clinical hypotheses.

The clinical |n\/nehg:\hnn shall be continued for a minimum - of 12 months for each pahnnf unless g Jnmhﬂr" tion

for a different duration of follow-up is provided. Duration of follow-up should be related to the standard of care
for the intended clinical application. All patients implanted with either test or control prostheses, including
those excluded from the final analysis, shall be recorded and reported. The final report shall include current
follow-up data on all patients, with a minimum of 12 months follow-up data on the last patient enrolled. Patient
follow-up intervals shall include a minimum of a baseline assessment at discharge and at 12 months after
surgery. A justification will be required for follow-up intervals. Patient follow-up is advised for a minimum of 5
years after the last prosthesis has been implanted.

If an appropriate control is not or cannot be identified or a concurrent control is unnecessary, a method for
evaluating the clinical outcomes shall be prospectively defined and justified. The control should be appropriate
to the questions being addressed in the study.
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A specific question or set of questions shall be defined prospectively. These questions shall delineate the
appropriate endpoints to be measured and include definitions of success and failure for each endpoint.

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

7.5.4 Data acquisition

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

NOTE

Exceptions for the control population are noted below.

a) |identification data:

1)
2)
3)
4)

5)

patient identification;
sex;

date of birth;

name of investigator;

name of institution;

b) |pre-operative data:

1)

2)

3)

4)

risk factors, such as hypertension, diabetes;» hyperlipidemia, tobacco use, obesity, anag
and any other cardiovascular risk factors;with some measure of severity and current treat

sthesia risk
ment;

summary of previous vascular interventions, including non-surgical interventions, and vascular

prostheses implanted;

urgency of intervention (i.e.‘emergency or elective);
diagnostic criteria:

i) clinical assessment;

i) objective“assessment of lesion and access vessel characteristics and other rele
(such-as sizes, degree of calcification, tortuosity, and angle of attachment sites);

c) |operative.data:

h

name of implanting physician;

ant factors

2)

date of procedure;

identification data for the implant(s) including model number, implant traceability, size and

configuration;

details of procedure, including any adjunctive vascular procedures performed;
relevant medications;

assessment of handling, visualization, deployment and withdrawal;

assessment of endoleaks;

© 1SO 2003 — Al rights reserved
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8) assessment of patency, positioning, and integrity of the prosthesis;

9) reportable clinical events (see Annex C);

10) date of hospital discharge;

11) comparison of intended and actual implant location;

12) for exclusion of aneurysm, length of implant in contact with non-aneurysmal tissue;

13) luminal diameter of implant;

14) copfirmation of implant placement and conformity to vessel;
d) post-operative data:

1) dalte of each follow-up visit;

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

3) clinical evaluation (assessment protocol may differ between the control group and the treatment
group);

i) | clinical assessment;

ii)| objective assessment of prosthesis function (endéleak, migration, patency, percentagg of
diameter stenosis, component integrity);

iii)| objective assessment of targeted lesion charaeteristics and implant positioning;
4) implant relevant medications, such as anticoagulants or antibiotics;
5) reportable clinical events;
i) | event, date of occurrence, sevérity, management, outcome;
ii)[ documentation of prosthesis involvement (i.e. does the complication involve the prosthesis?)

ii)) documentation of prebable causative factors (i.e. is the complication caused by prosthgsis,
patient factors, technical factors, or other?);

e) patient|withdrawal;

1) date;

2) m(fnths of study completed;

3) reason for withdrawal (lost to follow-up, death).
7.5.5 Final report
The clinical report shall include the following:
a) study protocol;
b) definitions of reportable clinical events;

c) rationale for selection of the following:
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1) study size;

2) choice of control;

3) measurement methods;

4) statistical analyses employed;
5) patient follow-up intervals;

d) post-operative and follow-up data:

1) patient accountability, including rationale for exclusion of data;
2) significant and/or relevant deviations from protocol;
3) summary of patients not completing study (e.g. lost to follow-up or death);

4) summary of periprocedural (less than or equal to 30 days, or prior {o discharge if longer than 30
days) and late reportable clinical events;

i) by type of event;
i) detail of any events associated with other events in individual patients;
5) summary of delivery system performance;

6) summary of prosthesis performance over timeg, (e.g. endoleak, migration, patency, [component
integrity, change in shape);

7) summary of lesion characteristics over timé’(e.g. aneurysm size changes);

8) summary of lesion characteristics related to implant performance over time (e.g. anqurysm size
changes related to endoleaks)

9) summary of vascular interventions;

10) summary of peri-procedural and late conversions to open surgery;
11) summary of periprocedural and late deaths;

12) summary ef\pathology, if appropriate, including representative gross photographs and midqrographs;
13) comparison of results for test and control groups;
14), conclusions from study.

8 Manufacturing

The requirements of ISO 13485 and ISO 13488 or Clause 8 of ISO 14630:1997 shall apply.

9 Sterilization
9.1 Products supplied sterile

9.1.1 Implants that are labelled “Sterile” shall comply with national or regional standards. Implants which are
labelled “Sterile” shall have a sterility assurance level (SAL) of 10-6.

NOTE For example see EN 556 [17] and ANSI/AMI ST67 [20].
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9.1.2  Sterilization processes shall be validated and routinely controlled as follows:
a) If endovascular systems are to be sterilized by ethylene oxide, ISO 11135 shall apply.
b) If endovascular systems are to be sterilized by moist heat, ISO 11134 shall apply.

c) If endovascular systems are to be sterilized by radiation, ISO 11137 shall apply.

d) If single-use endovascular systems incorporating animal tissue are to be sterilized using liquid chemical

sterilants, ISO 14160 shall apply.

e) Ifendo

NOTE eparate International and European standards have been developed that address validation and ro
control of some sterilization processes. For European purposes EN 550 applies for ethylene oxide sterilization; EN

itine
554

applies for moist heat sterilization, and EN 552 applies for radiation sterilization. At the time of the publication of this part of

ISO 25539, gfforts were underway to harmonize the separate International and European Standardscfer validation
routine contrpl of sterilization processes.

9.2 Products supplied non-sterile
The requirements of 9.2 of ISO 14630:1997 shall apply.
9.3 Sterilization residuals

The requirements of 9.3 of ISO 14630:1997 shall apply.

10 Packaging

10.1 Protection from damage in storage and transport
10.1.1 General

The requirements of 10.1 of ISO 14630:1997 shall-apply.

10.1.2 Unit container

Each prosthesis shall be packagedh;a unit container. It shall be readily apparent if the unit containern
been opendd.

10.1.3 Outpr container

and

has

Each unit cpontainer shallkbe packaged in an outer container. This outer container shall be designed so as to

protect the pnit container from damage due to storage.

10.1.4 Shipping'container

) . c L . o .
Each outer comtaimer; oramumber of outer contaimers ot recessarity of thesametype; mmay bepackaged

ina

shipping container designed to protect the contents under normal conditions of handling, transit and storage.

10.1.5 Maintenance of sterility in transit

For prostheses supplied sterile, the unit container shall be designed to maintain the sterility of the prosthesis
under nominal conditions of handling, transit, and storage, and to permit the contents to be presented for use

in an aseptic manner.
The packaging shall conform to ISO 11607.

NOTE Separate International and European standards have been developed that address packaging for steri
medical devices. For European purposes EN 868-1 applies for sterilization packaging for medical devices.

lized
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Each endovascular system shall be accompanied by a label(s) on an appropriate container(s). At least the
following information shall be provided on the label(s):

a)

b)

name, address and/or trademark of the manufacturer;

the material of construction and type of construction;

c)
d)
e)

f)

9)

NOT

the configuration. A symbol may be substituted for a written description of the prosthesis;
the nominal length(s);
the nominal diameter(s);

if appropriate, porosity, mean water permeability, integral water permeability/leakage, and/or
pressure;

the words STERILE—DO NOT RESTERILIZE—SINGLE USE ONLY, or equivalent phrase or
prominent form, if applicable;

manufacturer's batch or lot number;
sterile lot number;
date of sterilization and/or the expiry/expiration date;

for prostheses supplied sterile, a warning against the use of the prosthesis if the package
damaged;

manufacturer's recommendations for.storage, when applicable;
the chemical nature of any storage fluid in the unit container, with any appropriate hazard warr

E If the manufacturer/s ‘batch or lot number (h) and the sterile lot number (i) can be traced

infoymation, only one number_ need be given.

10.2

Ead
recq

a)

.2 Record label

h prosthesis<shall be supplied with at least three adhesive record labels suitable for attach
rds of the-patient receiving the implant. The record label shall include the following information

manafacturer's identification;

b)

water entry

symbols, in

is open or

ing.

to the same

ment to the

prnr'lm‘f name:

c)

d)

manufacturer's batch and/or sterile lot number;

part or model number (manufacturer's catalogue number).

10.3 Information supplied by the manufacturer

10.3.1 General

The requirements of Clause 11 of ISO 14630:1997 shall apply. Further information is contained in Table A.2 in

Ann

ex A.
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10.3.2 Information and instructions for use

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

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

c) recommended methods for the aseptic presentation and the preparation of the prosthesis, including any
pre-treatment and implantation techniques;

d) the stJitement STERILE—DO NOT RESTERILIZE—SINGLE USE ONLY in prominent.\form, if
applicgble;

e) resteril[zation information, if applicable;

f)  notificgtion of additives and/or leachable components, if applicable;

g) recommendations for storage, if applicable;

h) date of|or reference relating to the publication of the text, indicating if the téxt has been revised,;
i) recommendations for visualization;

i) MRI cgmpatibility information.
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Annex A
(informative)

ISO 25539-1:2003(E)

Attributes of endovascular devices — Technical and clinical

considerations

Tables A.1 through A.3 provide a logical method for identifying a set of biocompatibility, bench, animal and

clini
with
eve

The)
the

Table A.1 — Table headings and explanations

cal tests to assess device performance. Annex B includes a list of the bench tests identified
a description of the purpose of each test, and Annex C includes definitions for the report
nts listed in the table.

table headings and explanations are listed in Table A.1 below. In addition, a formZis’given to |
broper context for the information contained within the matrix.

n the table,
able clinical

elp provide

the potential for failures to

Golumn Title Explanation Context
number
1 Implant/procedure related | Individual design goals The implant should have an adequate
attributes (column 7).
2 Problem(s) Difficulties that may be If the implant does not have an adequate
encountered that could result in (column 1), there could bg a problem
not meeting the individual with (column 2).
design goal
3 Reportable clinical events | Complications.or failures that If there is a problem with (column 2),
may be observed with clinical (column 3) could occur gnd should
use if thé. problems occur be documented.
4 Bench and analytical A list of tests, exclusive of The following tests may be condjicted to
tests animal and clinical studies, that |evaluate the adequacy of the __|
may be conducted to validate (column 17):
the individual design goal (column 4).
5 Animal studies Specific aims of animal studies |In order to evaluate the adequacy of the
to validate and verify the (column 1) in an in vivo
individual design goal environment, the animal study should
(column 5).
6 Clinjeal studies Specific aims of clinical studies |In order to evaluate the adequacy of the
to verify the individual design (column 1) in a clinical epivironment,
goal the clinical study should column 6).
7 Information supplied by | Information to be supplied by [ To minimize the risk of (column 2)
the manufacturer the manufacturer to minimize |or (column 3), column 7)

should be provided by the man

ufacturer.

occur
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Table A.2 — Attributes of endovascular devices —Technical and clinical
considerations for delivery systems

Delivery system

Device/ Information
procedure- Problem(s) Rgportable Ben_ch and P|:ec||n|ca_| n Clinical studies | supplied by the
related clinical events | analytical tests vivo studies
attributes manufacturer
1 2 3 4 5 6 7
Ability to access |- Wire not — Access failure |- Component — Evaluate ability |- Evaluate ability |— Implant profile,
crossing the —erseotan dimension to access 1o access wire dimensions
lesion trauma compatibility — Assess — Assess cor_npatible with
— Introducer and | _ Neurological |~ FleX/kink handling and handling and de“_V?ry systeqmn
delivery system deficit — Torsional bond | Visualization visualization — Sizing
not matcl_wmg_ the _ Ischaemia strength _ Evaluate _ Evaluate recommendatjons
access site (i.e. i —Bond strength | @dverse events | reportable clinical (For user-
size mismatch) |- Spinal - g with particular events mounted
_ Delivery system | neurological — Torquability attention to implants,
not advancing to | d€ficit — Pushability events listed in manufacturer-
target site — Embolization _ il column 3 supplied
Trackability o i
— Emboli — Simulated use information
generation . . should includg
— Dimensional recommendatjons
;t(l::?tp;lam (e.g. verification or specificatiops
; — Profile for delivery
dislodgement _ Visibity components
— Information
should includg
recommendatjons
or specificatiops
for accessory
devices
Ability to deplpy: |- Inability to — Deployment — Compoanent — Verify efficacy |- Verify efficacy |— For user-
Balloon- activate system failure dimension of deployment of deployment mounted
expandable deployment — Spinal compatibility — Assess — Assess implants,
mechanism neurological +'Torsional bond | handling and handling and manufacturer
— Dispro- deficit strength visualization visualization .Sl:cpplle?.
- information
g_ortlonz_ate 4 |z Neurological — Bond strength | — Evaluate — Evaluate should include
Imensions an deficit ; adverse events | reportable clinical
properties, such - Simulated use with particular ev%nts recomrr'u'end?t ons
as balloon — Vascular _ Dimensional : or specificatiops
- trauma g attention to for delive
compliance and verification events listed in gié
burst pressure, of \—Embolization _ Balloon column 3 components
balloon relative.to.| _ Damage to deflation — Information
vessel implant should includs
— Balloon mean
— Implant<(&.g. burst recomrr'u'end?t ons
stent) or specificatiops
dislodgément — Balloon rated for accessory
} burst devices
—\Balloon failure
— Balloon rated
— Damage of fatigue
H 1 t3
rplant - -
components by t_ Balloon inflation
other ime
components — Visibility
— Inadequate
visualization
— Emboli
generation
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Table A.2 (continued)

ISO 25539-1:2003(E)

Delivery system

Device/

¢omponents by
other
components

— Delivery system
snagging on the
H 1 t3

- . Information
procedure- Problem(s) Rc—_:portable Ben_ch and Pl:ecllnlca_l n Clinical studies | supplied by the
related clinical events | analytical tests vivo studies fact
attributes manutacturer
1 2 3 4 5 6 7
Ability to deploy: |- Inability to — Deployment — Component — Verify efficacy |- Verify efficacy |- For user-
Self-expanding activate system failure dimension of deployment of deployment mounted
Gep'l'oyn!ent —Neurological compatibitity — Assess — Assess fmptants,
mechanism deficit — Torsional bond | handling and handling and maanacturer
— Dispro- _ Vascular strength visualization visualization _Sl:cpp Ilecti_

; inforpnation
portionate trauma — Bond strength |- Evaluate — Evaluate hodid includ
dimensions of ) ) d t \, shodld include
‘modelling’ — Spinal — Simulated use a't\t/wersertgv?n S | reportable clinical | recoflnmendations
balloon relative to | "eurelogical _ Dimensional tht ;:a icular events or specifications
; deficit - attention to for delive
implant/vessel verification : : ry

E lizati events listed in combonents

— Balloon failure |~ Embolization | _ vsipility column 3 it ;

— Damage of —Damage to — Deployment —hn Iacrirpa :02

) implant shodld include

implant force recommendations

components by or specifications

other for acessory

components devites

— Inadequate

visualization

— Emboli

generation

— Implant (e.g.

stent)

dislodgement
Abillty to — Improper — Deployment —Tubing tensile |- Verify efficacy |- Verify efficacy |- Infprmation
withdraw: balloon deflation [ system failure strength of withdrawal of withdrawal shoyld include
Ballpon- — Balloon winging |- Neurological — Component — Assess — Assess recommendations
expsindable _ Lack of deficit dimension handling and handling and or specifications

structural integrity | — Vascuiaf compatibility visualization visualization ;0" agcessory

evites

— Emboli trauma — Torsional bond |- Evaluate — Evaluate

generation ~Js¢haemia strength adverse events reportable clinical

. . — Bond strength with particular events
— Diameter = Spinal ‘ g attention to
mismatch negrgloglcal — Simulated use events listed in
— Implant deficit — Dimensional column 3
dislodgement — Embolization verification
— Damage of — Damage to — Flex/Kink
ifplant implant — Visibility

HHRpPraft

— Inadequate
visualization
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Table A.2 (continued)

Delivery system

Device/ Information
procedure- Problem(s) Rgportable Ben_ch and P|:ec||n|ca_| n Clinical studies | supplied by the
related clinical events | analytical tests vivo studies
. manufacturer
attributes
1 2 3 4 5 6 7
Ability to — Diameter — Deployment — Tubing tensile |- Verify efficacy |- Verify efficacy |- Information
withdraw: mismatch system failure strength of withdrawal of withdrawal should include
Self-expanding |- Lack of — Neurological — Component — Assess — Assess recommencerions
structural integrity | deficit dimension handling and handling and or specificatiohs
— Emboli _ Vascular compatibility visualization visualization ‘;C’r acqeesory
evices
generation trauma — Torsional bond |- Evaluate — Evaluate
— Implant _ Ischaemia strength ac_iverse _events reportable clinical
dislodgement _api — Bond strength | With particular events
Spinal . . attention to
- Damage of negrgloglcal — Simulated use | oyents listed in
implant deficit — Dimensional column 3
c?r:nponents bY | _ Embolization verification
other .
components ;nD.la\a?tage to — Flex/kink
— Delivery system P ~ Visibility
snagging on the
implant
— Inadequate
visualization
Biocompatibillty |- Lack of — Complications |- 1SO 10993 - 18010993 — Evaluate N/A
appropriatg N attributable to a L Appropriate reportable clinical
biocompatibility lack of _ Kistological and events
appropriate pathological
biocompatibility investigations of
explants
— Evaluate
adverse events
with particular
attention to
events listed in
column 3
Sterility — Non-sterile — Infection — Sterilization N/A — Evaluate — Appropriate
product assurance reportable clinical | handling
events instructions
— Whether sinple
or multiple usg
Haemostasis — Size mismatch |- Procedural — Assessment of |- Evaluate — Evaluate — Sizing
_ Hae€mostasis bleeding haemostasis appropriateness | appropriateness | recommendations
valve — Haematoma — Dimensional of sizing of sizing — Specifications
incompetency verification — Assess blood — Assess blood for accessory
* Leaking loss loss devices
— Fvaluate — Fvaluate

adverse events
with particular
attention to
events listed in
column 3

reportable clinical
events

32
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Table A.3 — Attributes of endovascular devices —Technical and clinical considerations for implants

puncture for
vascular access

— Visual
inspection

Device/ .
rocedure- Reportable clinical Information
P Problem(s) P Bench tests Animal studies | Clinical studies | supplied by the
related events
. manufacturer
attributes
1 2 3 4 5 6 7
Ability to — Inaccurate — Branch vessel — Simulated use |- Assess — Assess — Location and
accurately positioning or occlusion — Implant length visualization visualization description of
deploy orientation — Deployment to diameter — Verify accuracy | — Verify accuracy | radio-opaque
— Improper system failure relationship and efficacy of | and efficacy of Ia:dmarks X
whenever presen
deproymment — Attachment site |~ Visibility deptoymment roeptoymment P
configuration leak — Evaluate — Evaluate
— Incomplete — Prosthesis adverse events reportable clinical
deployment migration with particular events
— Inadeguate . attention to
visualizgtion — Lumen obstruction events listed in
— Aneurysm column 3
enlargement
— Aneurysm rupture
— Ischaemia
Fixgtion — Incomplete — Attachment site — Radial force — Assess — Assess — Directions
effeftiveness | apposition to leak — Crush position, integrity | position, integrity | regarding
vessel W?” — Prosthesis resistance and functl?nallty and functionality ;gsglf:;r;snfsng
- Egcess;ve o(l;_ | migration — Recoil ;_Atprropn?te § — Monitor lesion as(ll,re proper
inadequate radia ; istological an
force q — Lumen obstruction | _ | qcql patholc?gical morphology fixation
— Vascular trauma compression investigation of —_Appro_priate
— Trauma to — Conformability | explants histological and
adjacent structures | to vesselNvall _ Evaluate pathological
. . investigation of
— Branch vessel — Migration adverse events explants if
occlusion resistance thtth [t)gnlct:ular oceurring
=\Sj attention to
— Aneurysm Simulated use listed i _ Evaluate
enlargement events listed in .
reportable clinical
column 3
— Aneurysm rupture events
Implant — Structural — Stent/attachment | — Fatigue and — Assess — Assess N/A
integrity failure of implant | system fracture durability position, integrity | position, integrity
— Loss of — Graft _ Stress / strain and functionality | and functionality
complete dilatation/rupture analysis — Appropriate — Appropriate
apposition to _Jimplant thrombosis | — Corrosion histological and | histological and
vessel wall . T pathological pathological
_ Leaking — Prosthesis — Longitudinal investigation of | investigation of
migration tensile strength explants explants if
— Attachment site - Burst / _ _ Evaluate occurring
leak circumferential adverse events | — Evaluate
— Aneurysm strength with particular reportable clinical
enlargement — Factory attention to events
— Aneurysm rupture | @nastomotic events listed in
strength column 3
— Transgraft leak
— Strength of
— Vascular trauma stent/attachment
— Lumen obstruction | system to graft
— Venous thrombosis | Pond (€.g.
T ¢ adhesive,
— jraumato sutures)
adjacent structures
Isch . — Strength after
— Ischaemia repeated
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Table A.3 (continued)

Device/

- Information
procedure- Problem(s) Reportable clinical Bench tests Animal studies | Clinical studies | supplied by the
related events
attributes manufacturer
1 2 3 4 5 6 7
Permeability — Inadequate — Transgraft leak — Porosity, water |- Evaluate — Monitor lesion | N/A
healing — Aneurysm permeability, adverse events | morphology
— Leaking enlargement integral water with particular — Evaluate
R permeability/ attention to renartahle clinical
= AMEUTySTT U™ | o akage and events listed in | oyents
water entry column 3
pressure
Modularity — Dimensional — Prosthesis — Pull test for — Assess — Assess — kocation an
mismatch migration modular position, integrity | position, integrity /{-description of
_ Inaccurate _ Attachment site components and functionality |and functionality)-| radio-opaque
positioning or leak — Dimensional — Appropriate — Monitor lesign) | landmarks
orientation —Vascular trauma | verification histological and | morphology whenever pregent
— Separation — Branch vessel — Migration pathological — Appfopriate — Directions
between modules | 5cciusion resistance investigation of | histojegical and | "€9arding
Damade to or Flex/Kink explants pathdlogical restrictions and
obstructigon o — Aneurysm — Evaluate investigation of | réquirements fo
modules by other enlargement adverse events | explants if assure proper
modules — Aneurysm rupture with particular occurring fixation
— Angulationor |~ Lumen obstruction attentiont” - — Evaluate
; ; eventsiisted in | roportable clinical
kink between — Ischaemia columm3 p
modules events
Appropriate — Inappropriate — Stent / attachment |- Simulated use «|'< Verify sizing — Evaluate — Sizing
sizing sizing system failure — Implant length scheme reportable clinical | recommendatfons
— Prosthesis to diameter. — Evaluate events
migration relationship. adverse events
— Implant thrombosis | — Reedil with particular
. ( ) attention to
— Attachment site - leeq5|onal events listed in
leak Verification column 3
— Aneurysm — Implant
enlargement diameter to
— AneurysnTrupture balloon inflation
pressure
— Branch vessel
occlusion
—Messel trauma
= Trauma to
adjacent structures
— Lumen obstruction
— Ischaemia
Patency — Kinking — Implant thrombosis | — Radial force — Assess — Assess N/A
LTwisting — Lumen obstruction |- Crush position, integrity | position, integrity
; and functionalit and functionalit
~ Inaccurate — Restenosis resistance y y
deployment — Simulated use |~ Appropriate —VIonitor 1esion
ploy ) — Abrupt reclosure histological and | morphology
— Deformation — Angi — Stent free thological ;
naina surface area pathotogica — Appropriate
— Thrombus — Recurrence of investigation of | pistological and
generation portal hypertension |~ Local explants pathological
— Myocardial compression — Evaluate investigation of
infarction — Flex/Kink adverse events explants if
Isch . with particular occurring
— Ischaemia attention to _ Evaluate
— Pulmonary events listed in | reportaple clinical
embolism column 3 events
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