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Foreword

The text of ISO 25539-1:2003, including Amd 1:2005 has been prepared by Technical Committee ISO/TC 150
“Implants for surgery” of the International Organization for Standardization (ISO) and has been taken over as
EN I1SO 25539-1:2009 by Technical Committee CEN/TC 285 “Non-active surgical implants” the secretariat of
which is held by DIN.

This European Standard shall be given the status of a national standard, either by publication of an identical
text or by endorsement, at the latest by November 2009, and conflicting national standards shall be withdrawn
at the latest by March 2010.

Attention is drawn to the possibility that some of the elements of this document may be the subject of patent
rights. CEN [and/or CENELEC] shall not be held responsible for identifying any or all such patent rights.

This document supersedes EN ISO 25539-1:2008 and EN 12006-3:1998+A1:2009.

This document has been prepared under a mandate given to CEN by the European Commission and the
European Free Trade Association, and supports essential requirements of EU Directive.

For relationship with EU Directive, see informative Annex ZA, which is an integral part of this document.

According to the CEN/CENELEC Internal Regulations, the national standards organizations of the following
countries are bound to implement this European Standard: Austria, Belgium, Bulgaria, Cyprus, Czech
Republic, Denmark, Estonia, Finland, France, Germany, Greece, Hungary, Iceland, Ireland, lItaly, Latvia,
Lithuania, Luxembourg, Malta, Netherlands, Norway, Poland, Portugal, Romania, Slovakia, Slovenia, Spain,
Sweden, Switzerland and the United Kingdom.

Endorsement notice

The text of ISO 25539-1:2003, including Amd 1:2005 has been approved by CEN as a EN ISO 25539-1:2009
without any modification.
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Introduction

This part of 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 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
address each of the failure modes. The requirements provided in this part of are based on that
assessment.

Due to the variations in the design of implants covered by this part of 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 will be undertaken.
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Cardiovascular implants — Endovascular devices —

Part 1:
Endovascular prostheses

1 Scope

1.1 This part of |SO 25539 specifies requirements for endovascular prostheses, based upon current
medical knowledge. With regard to safety, it gives requirements for intended performance, design attributes,

materials, design evaluation, manufacturing, sterilization packaging and information supplied by the
manufacturer. It should be considered as a supplement to |]SO 14630, which specifies general requirements

for the performance of non-active surgical implants.

1.2 This part of |SO 25539 is applicable to endovascular prostheses used to treat arterial aneurysms,
arterial stenoses, or other appropriate vascular abnormalities.

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

1.4 This part of ]SO 25539 is not applicable to vascular occluders, with the exception of contra-lateral iliac
occluders when used as an integral part of an aorto-uni-iliac device. See ]SO 14630 for excluded products.

1.5 This part of [SO 25539 is not applicable to procedures and devices used prior to the introduction of the
endovascular system (defined in 3.6), such as balloon angioplasty devices.

2 Normative references

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

SO 7198:1998, Cardiovascular implants — Tubular vascular prostheses

ISO 11134:1994, Sterilization of health care products — Requirements for validation and routine control —
Industrial moist heat sterilization

ISO 11135:1994, Medical devices — Validation and routine control of ethylene oxide sterilization

ISO 11137:1995, Sterilization of health care products — Requirements for validation and routine control —
Radiation sterilization

SO 10993 (all parts), Biological evaluation of medical devices
ISO 11607:1997, Packaging for terminally sterilized medical devices

SO 13488, Medical devices — Quality management systems — Requirements for requlatory purposes

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

SO 14154 (all parts), Clinical investigation of medical devices for human subjects
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SO 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

SO 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 purposes of this document, the terms and definitions given in ]SO 7198 and SO 14630 and the
following apply.

31

attachment system

system integral to the endovascular prosthesis that is designed to interface directly with vessel wall in order to
prevent migration

NOTE The system may also prevent blood flow on the outside of the prostheses at the attachment sites.

3.2
delivery system
system or mechanism used to deliver the endovascular prosthesis to the targeted position

NOTE The delivery system is removed after implant placement.

3.3
determine
quantitatively appraise or analyse

3.4

endoleak

persistence of blood flow outside the lumen of an endovascular prosthesis but within an aneurysm sac or
adjacent vascular segment being treated by the graft

NOTE Endoleaks are catagorized as follows:
— a Type | endoleak is periprosthetic and occurs at the proximal or distal attachment zone;
— a Type Il endoleak is caused by retrograde flow from patent branch arteries, for example lumbar and intercostal;

— a Type lll endoleak arises from a defect in the graft material or from an inadequate seal between modular graft
components;

— a Type IV endoleak is due to graft permeability, often identified by a generalized blush of contrast within the
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

endovascular system

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

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 ]SO 25539, the delivery system as well as the implant are included within this
definition.

3.7
evaluate
qualitatively appraise or analyse

3.8
graft material
non-metallic component of the endovascular prosthesis

3.9

reportable clinical events
complications or failures that may be observed with clinical use of the endovascular system

4 Intended performance

The requirements of Clause 4 of ]SO 14630:1997 shall apply.

5 Design attributes

5.1 General

The requirements of Clause 5 of |SO 14630:1997 shall apply. In addition, the following shall be taken into
account:

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

b) with regard to wear: fretting corrosion;
c) 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;

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

e) introduction and delivery systems.

NOTE These additional items are adapted from Clause 5 of EN 12006-3:1998.
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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) the ability of the system to permit consistent, accurate and safe access to the intended location;
b) the ability of the system to permit consistent, accurate and safe deployment of the implant;

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

d) the compliance of the system with the requirements of |SO 10993-1 and appropriate other parts of the
SO 10993

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

f)  the visibility of the system under fluoroscopy or other technologies.
5.3 Implant

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

a) the ability of the implant to be consistently, accurately and safely deployed;
b) the ability of the implant to ensure effective fixation within the vasculature;
c) the ability of the implant to maintain adequate integrity;

d) the ability of the implant to prevent blood from flowing through the implant wall as appropriate to its
intended use;

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

e) the appropriate interaction between and among the modules of endovascular systems designed with
modular components (modularity);

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

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

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

i) the compliance of the implant with the requirements of |SO 10993-1 and appropriate other parts of the
SO 10993

series;

i) the visibility of the implant under fluoroscopy or other technologies.

6 Materials

The requirements of Clause 6 of [SO 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.
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7 Design evaluation

7.1 General

The requirements of Clause 7 of |SO 14630:1997 shall apply. A risk analysis shall be carried out in
accordance with the requirements of |[SO 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
prostheses will need to follow the basic test protocols of this part of to characterize the
endovascular system. Testing beyond the scope of this part of may also be necessary to
characterize new emerging-technology prostheses. Consideration shall be given to the failure modes of the
prostheses and their effects on the performance of the implant in identifying the appropriate testing. For
compound prostheses, as defined in, 3.9, although it may be appropriate to conduct some of
the testing described in this part of on components of the prosthesis, testing of the endovascular
system as a whole is also required. In addition, if the compound prosthesis is partially constructed of a

resorbable component, the non-resorbable portion of the implant shall be characterized as well as the implant
as a whole.

Each segment of a composite prosthesis, as defined in ISO 7198:1994, 3.8, shall be tested. In addition, any
manufactured anastomosis shall satisfy the requirements of this part of ]SO 25539 relating to leakage and
factory anastomotic strength.

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

A complete description of the validated test methods and sample preparation procedures used to address the
requirements of this part of |[SO 25539 shall be documented by the manufacturer. The method and sample
size chosen shall be justified. Where acceptance criteria are not specified, the manufacturer shall evaluate the
acceptability of the results against predetermined criteria.

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

If it can 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
7.21 Ability to access
7211 General

The ability of the system to permit safe, consistent and accurate access to the intended location 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.
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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;

— embolization.

Testing shall include the following items listed in 7.2.1.2 through 7.2.1.12, as appropriate to the design of the
endovascular system.

7.21.2 Bond strength

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

7.21.3 Component dimension compatibility

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

7.21.4 Dimensional verification
Determine the appropriate dimensions for conformance with design specifications.
7.21.5 Flex/kink

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

7.21.6  Profile
Determine the maximum diameter along defined sections of the endovascular system.
7.2.1.7  Pushability

Evaluate the ability of the endovascular system to be pushed or positioned by an operator without bending or
buckling.

7.21.8 Visibility

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

7.21.12 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

7.221 General

The ability of the system to permit safe, consistent and accurate deployment of the implant shall be evaluated.
Hazards 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 pressure, 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.

These 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;

— ischaemig;

— embolization;

— 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.
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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 Balloon rated burst pressure

Determine the burst pressure with an appropriate safety margin including reliability parameters.

Designate the maximum recommended inflation pressure and operating pressure(s).

7.2.2.7 Balloon rated fatigue

Determine the maximum number of recommended inflation cycles to the recommended inflation pressure
including reliability parameters.

Designate the maximum recommended number of inflation cycles.
7.2.2.8 Component dimension compatibility

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

7.2.2.9 Dimensional verification

Determine the appropriate dimensions for conformance with design specifications.
7.2.2.10 Force to deploy

Determine the force to deploy the implant.

7.2.211 Visibility

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

7.2.2.12 Simulated use

Evaluate the performance of the endovascular system using a model that simulates the intended 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.
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7.2.3 Ability to withdraw

7.2.31 General

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);

b) balloon winging (balloon expandable);

c) lack of structural integrity;

d) emboli generation;

e) diameter mismatch;

f) implant dislodgement;

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

i) inadequate visualization.

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

— delivery system failure;

— neurological deficit;

— vascular trauma;

— ischaemia;

— spinal neurological deficit;

— embolization;

— damage to implant.

Testing shall include the following items in 7.2.3.2 through 7.2.3.9, as appropriate to the design of the
endovascular system.

7.2.3.2 Bond strength

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

7.2.3.8 Torsional bond strength

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

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

7.2.4 Biocompatibility

Biocompatibility should be tested in accordance with ]SO 10993-1 and appropriate other parts of the
SO 10993

series.
7.2.5 Haemostasis
7.2.51 General
The ability of the system to minimize blood loss shall be evaluated.
Hazards to be evaluated include, but are not limited to, the following:
a) size mismatch;
b) seal incompetence;
c) other leakage.
These hazards can result in the following reportable clinical events, including but not limited to the following:
— procedural bleeding;
— haematoma.

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.
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7.3 Implant
7.3.1 Ability to accurately deploy
7.31.1  General

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

Hazards to be evaluated include, but are not limited to, the following:
a) inaccurate positioning or orientation;

b) improper deployment configuration;

c) incomplete deployment;

d) inadequate visualization.

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

— delivery system failure;

— attachment site leak;

— prosthesis migration;

— lumen obstruction;

— ischaemia;

— aneurysm enlargement;

— aneurysm rupture;

— vascular trauma.

Testing shall include the following items listed in 7.3.1.2 through 7.3.1.4, as appropriate to the design of the
endovascular system.

7.3.1.2 Implant length to diameter relationship
Determine the relationship between implant length and expanded implant diameter.
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.
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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 hazards can result in the following reportable clinical events, including but not limited to the following:
— attachment site leak;

— prosthesis migration;

— lumen obstruction;

— vascular trauma;

— trauma to adjacent structures;

— branch vessel occlusion;

— aneurysm enlargement;

— aneurysm rupture.

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

7.3.2.2 Conformability to vessel wall

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

7.3.2.3 Crush resistance

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

Determine the elastic deformation of the implant in response to localized compressive force.
7.3.2.5 Migration resistance

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

7.3.3.1 General

The ability of the implant to maintain integrity shall be evaluated.
Hazards to be evaluated include, but are not limited to, the following:
a) structural failure of implant;

b) loss of complete apposition to vessel wall;

c) leaking.

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

— graft dilatation/rupture;

— implant thrombosis;

— prosthesis migration;

— attachment site leak;

— aneurysm enlargement;

— aneurysm rupture;

— transgraft leak;

— vascular trauma;

— lumen obstruction/stenosis;

— ischaemia;

— trauma to adjacent structures.

Testing shall include the following items listed in 7.3.3.2 through 7.3.3.9, as appropriate to the design 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 ]SO 7198:1998§, 8.3.3 or 8.3.1, respectively.

7.3.3.3 Corrosion

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

Documents
Document Sharing Iiléjb

Full document details: BS EN ISO 25539-1:2009


http://dx.doi.org/10.3403/01438400
http://www.avadocuments.com/doc/bs-en-iso-25539-1-2009
http://www.avadocuments.com/doc/bs-en-iso-25539-1-2009

BS EN ISO 25539-1:2009
EN ISO 25539-1:2009 (E)

7.3.3.4 Factory anastomotic strength

Determine the tensile strength of any manufactured anastomosis in accordance with , 8.3.2.4.
7.3.3.5 Durability

7.3.3.5.1  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 and axial loads, and other in vivo loads.

These items 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 load
using appropriate 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 testing of the implant shall include in vitro testing until 10 years 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 duration
fatigue testing may be appropriate and shall be justified.

The test conditions shall be justified, and include but are not limited to the number of samples, implant sizes
tested, and the frequency used in the testing.

The frequency of the test shall be set such that the deformation of the implant under test is no less than the
deformation of the implant at physiologic heart rates. Fatigue testing shall be conducted using physiologic
temperatures, not less than 37 °C.

7.3.3.6  Longitudinal tensile strength

Determine the longitudinal tensile strength of the implant.

7.3.3.7  Strength after repeated puncture (for arterial-venous shunt for vascular access)

Assess the ability of the implant to withstand repeated punctures.

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

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 particles 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 to the following:
— transgraft leak;

— aneurysm enlargement;

— aneurysm rupture.

Testing shall include the following items listed in 7.3.4.2 and 7.3.4.3, as appropriate to the design of the
endovascular 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
accordance with |SO 7198:1998, 8.2.1, 8.2.2, 8.2.4. Justification shall be provided for the property (or
properties) selected to be measured.

7.3.4.3 Integral water permeability/leakage

Determine the integral water permeability/leakage of the finished implant in accordance with |[SO 7198:1998,
8.2.3.

7.3.5 Modularity
7.3.5.1 General

The ability of the system to permit appropriate interaction between and among the modules as appropriate
shall be evaluated.

Hazards 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;
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— vascular trauma;

— branch vessel occlusion;
— aneurysm enlargement;
— aneurysm rupture;

— lumen obstruction;

— ischaemia.

Testing shall include the following items listed in 7.3.5.2 through 7.3.5.5, as appropriate to the design of the
endovascular system.

7.3.5.2 Dimensional verification

Determine the appropriate dimensions for conformance with design specifications.

7.3.5.3  Flex/kink

Determine the minimum radius of curvature that the implant can accommodate without kinking.
7.3.5.4 Migration resistance

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

7.3.5.5  Pull test for modular components

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

7.3.6.1  General

The ability of the system to permit adequate fixation of the implant within the vasculature by appropriate sizing
through consistent dimensions shall be evaluated.

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

a) inappropriate sizing.

These hazards can result in the following reportable clinical events, including but not limited to the following:
— stent/attachment system failure;

— prosthesis migration;

— implant thrombosis;

— attachment site leak;

— aneurysm enlargement;

— aneurysm rupture;

— branch vessel occlusion;
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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 recommended
sizing.

7.3.6.5 Simulated use

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

7.3.6.6 Implant diameter to balloon inflation pressure

For balloon expandable implants, determine the relationship between the implant diameter and the balloon
inflation pressure.

7.3.7 Patency

7.3.7.1  General

The ability of the implant to maintain an open lumen shall be evaluated.
Hazards to be evaluated include, but are not limited to, the following:

a) kinking;

b) twisting;

c) inaccurate deployment;

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 shall include the following items listed in 7.3.7.2 through 7.3.7.7, as appropriate to the design of the
endovascular system.

7.3.7.2 Radial outward force

The force exerted by a self-expanding implant shall be measured as a function of the implant diameter.
7.3.7.3  Crush 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 the percentage change in free or open area as a function of stent diameter.

7.3.7.6  Local compression

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

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

Evaluate the safety and compatibility of the implant with the use of MRI.

Hazards to be 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 acutely 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
least six animals for at least 26 weeks in each animal, unless a justification for a shorter study is provided. The
type and intervals of interim assessments shall be specified and justified. For novel technologies, interim
sacrifices 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 immediate post-
mortem examination. The cause of death or illness, and the extent to which the implant was implicated, shall
be documented. Histological and pathological assessment of explants and appropriate tissues/organs shall be
provided. A control may be appropriate for comparison purposes.

The design of the preclinical in vivo testing, including the experimental protocol, measurement methods and
data analysis, shall be justified. 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 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 |SO/IEC 1702§ 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:
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1)
2)
3)
4)

5)

source of animals;
animal identification;
gender;

date of birth;

mass;

b) pre-operative data:

1)
2)

verification of health status, including appropriate blood testing;

medication (e.g. prophylactic antibiotics);

c) operative data:

1)
2)

3)

4)

5)
6)
7)
8)

9)

date of procedure;

name of person performing procedure;

description of the implant procedure including;

i)  prosthesis identification number;

ii) in situ length and diameter of prosthesis;

iii) amount of oversizing;

iv) use of systemic antiplatelet/anticoagulant therapy;

assessment of accuracy and efficacy of insertion of delivery system and deployment of the
endovascular implant;

assessment of handling and visualization of the delivery system and visualization of the implant;
assessment of efficacy of withdrawal of delivery system;

assess appropriateness of sizing and sizing scheme;

amount and location of blood loss;

assessment of position, structural and material integrity, and functionality of the implant;

10) adverse perioperative events;

d) post-operative and follow-up data:

1)
2)

3)

20

medications, including those that affect coagulation;

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

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

any major deviation from protocol;
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e) termination data:

1)

2)

3)

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

gross alteration in the dimensional, chemical and physical properties of the implant and components;

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 from the final

analysis.

The test report shall include the following:

a) study protocol;

b) rationale for selection of the following:

1)
2)
3)
4)
5)

6)

animal species;
implantation site;
implantation periods;
methods of assessment;
intervals of observation;

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

c) summary of results:

1)

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

summary of adverse events;

summary of early deaths or sacrifices for cause;

operator opinion of ease of deployment, visualization and handling;
significant and/or relevant deviations from protocol;

summary of pathology and histology of explants and appropriate tissues/organs, including
representative gross photographs and micrographs, over time;

summary of any changes in position, structural and material integrity, and functionality of the implant;

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 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
before the clinical investigation is begun.

7.5.2 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 acutely and over
time.

h) Monitor lesion characteristics and implant positioning (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 Protocol

A multicentre study (at a minimum of three investigational sites) shall be performed. A justification for the
number of investigational sites shall be provided. A statistical justification for the number of patients studied
shall also be provided based upon the clinical hypotheses.

The clinical investigation shall be continued for a minimum of 12 months for each patient unless a justification
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) patient identification;

2) sex;

3) date of birth;

4) name of investigator;

5) name of institution;

b) pre-operative data:

1) risk factors, such as hypertension, diabetes, hyperlipidemia, tobacco use, obesity, anaesthesia risk
and any other cardiovascular risk factors, with some measure of severity and current treatment;

2) summary of previous vascular interventions, including non-surgical interventions, and vascular
prostheses implanted;

3) urgency of intervention (i.e. emergency or elective);
4) diagnostic criteria:
i) clinical assessment;

ii) objective assessment of lesion and access vessel characteristics and other relevant factors
(such as sizes, degree of calcification, tortuosity, and angle of attachment sites);

c) operative data:
1) name of implanting physician;
2) date of procedure;

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

4) details of procedure, including any adjunctive vascular procedures performed;
5) relevant medications;
6) assessment of handling, visualization, deployment and withdrawal;

7) assessment of endoleaks;
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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) confirmation of implant placement and conformity to vessel;
d) post-operative data:
1) date 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;

i) objective assessment of prosthesis function (endoleak, migration, patency, percentage of
diameter stenosis, component integrity);

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

iii) documentation of probable causative factors (i.e. is the complication caused by prosthesis,
patient factors, technical factors, or other?);

e) patient withdrawal:
1) date;
2) months 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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