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Foreword

ISO (the I

nternational Organization for Standardization) is a worldwide federation of national standards

bodies (ISO member bodies). The work of preparing International Standards is normally carried out through
ISO technical committees. Each member body interested in a subject for which a technical committee

has been

established has the right to be represented on that committee. International organizations,

governmental and non-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely
with the International Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

The procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1.In partlcular the different approval criteria needed for the dlfferent types

of ISO dogumen

ISO/IECD

[SO draw
patent(s).
rights in
patent(s)
this may
WWwWWw.iso.

les of the
irectives, Part 2 (see WWW.is0. org/dlrectlves)

5 attention to the possibility that the implementation of this document may involve-the|use of (a)
ISO takes no position concerning the evidence, validity or applicability of any claimged patent
respect thereof. As of the date of publication of this document, ISO had not reéceived ndgtice of (a)
which may be required to implement this document. However, implemefiters are cautioned that
ot represent the latest information, which may be obtained from the patent database ayailable at
pbrg /patents. ISO shall not be held responsible for identifying any or allystuch patent righty.

Any trad{
constitutd

For an ex

related tp conformity assessment, as well as information about ISO's adherence to the Wo

Organizat

e name used in this document is information given for the convenience of users and| does not
e an endorsement.

blanation of the voluntary nature of standards, the meaning of ISO specific terms and e

ion (WTO) principlesin the Technical Barriers to Trade(TBT), see www.iso.org/iso/foreword.html.

This docyiment was prepared by Technical CommitteexISO/TC 150, Implants for surgery, Subcommittee

SC2, Cardj

Standard
the Agree

ovascular implants and extracorporeal systemsyin collaboration with the European Commmittee for
zation (CEN) Technical Committee CEN/TE€<285, Non-active surgical implants, in accordance with
ment on technical cooperation betweenlSO and CEN (Vienna Agreement).

The second edition cancels and replaces the-first edition (ISO 25539-3:2011), which has been t¢chnically

revised.
The main

— thete

— the consistency in nomefelature and reporting requirements has been improved.

Alistof a

changes are as follows:

sting and clinical use rélated to vena cava filters has been updated;

| parts in the ISO-25539 series can be found on the ISO website.

Any feedback or questions on this document should be directed to the user’s national standards body. A

complete

listing of'these bodies can be found at www.iso.org/members.html.
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Introduction

This document was prepared to provide guidance on the minimum requirements for vena cava filter
systems. The rationale for the requirements for bench tests and analyses to assess device performance and
safety, guidance on the identification of appropriate testing to evaluate a specific device design, and guidance
for developing test methods are provided in informative annexes. Further clarification of terminology is
provided in Annexes B, C and E.

This document has been updated to reflect current knowledge regarding the testing and clinical use related
to vena cava filters, reflected in modifications to the requirements in the main body and in the guidance

for developing test methods in Annex D. In addition, revisions have been made to improve consistency in
nomenclature.and reporting and toenhance the nfi]ify of this document

This revised document introduces methodology to identify appropriate testing and analyses applicable to
intended [linical use, design and potential failure modes for a specific vena cava filter syStem, designated
as the deyice evaluation strategy. The requirement regarding the device evaluation strdtegy is in the main
body. Annlex A provides guidance for developing a focused device evaluation strategy-table that |s specific
to the unjque characteristics of a device, device design modifications or changes ifrintended use. Annex A
also provldes guidance for the development of a comprehensive device evaluatiomstrategy table that may be
used wheh it is not sufficient to focus only on the unique characteristics or changes.

The guiddnce on the development of methods to address the requirement for evaluating fatigue and flurability
through domputational analyses has been modified to include recommendations regarding verification of
the solution and validation of the computational model, as well as-réporting. The guidance on the model
developn:Ent for simulated use has also been significantly revisedto’improve the clinical relevarce of this
testing.

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

For desigh evaluation, requirements regdrding sampling, conditioning of test samples and repoqting have
been incqrporated in the main body, Guidance on these elements of testing and documentation were
previously only included in Annex D.

The revisjons to the annexes to.this document are given in Table 1.

Table 1 — Revisions to the annexes in this document

Annex of ISO 25539-3:2011 Changes in ISO 25539-3:2024
Annex A - Attributes'of endovascular devices - Vena cava|Annex A now includes the relationship between festing re-
filters - T¢chnicaland clinical considerations quirements, device attributes, and potential failire modes

and guidance for the creation of a device evaluation strategy:.

Annex B -|Descriptions of potential device effects of failure | Annex B now includes a description of potential clinical
and failure modes and descriptions of detrimental clinical|effects of fallure.

effects

Annex C - Bench and analytical tests The list of tests is included in Table D.1.
Annex C now includes a description of potential device
effects of failure.

Annex D - Test methods Annex D - Test methods

Many filter systems have been shown to be safe and effective in clinical use - this update is not intended
to require additional evaluations of these devices to remain in compliance with this document as the
testing would not provide useful information regarding the expected clinical performance of the device.
Manufacturers may rely on historical data gathered under the guidance of the previous edition of this
document (i.e. ISO 25539-3:2011). Similarly, for device modifications or changes in intended clinical use, this

© IS0 2024 - All rights reserved
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edition of this document is not intended to require additional evaluation of aspects of the device that are not
expected to change clinical performance.

NOTE The relationship between testing requirements, device attributes and potential failure modes is provided
in Clause A.1. Clause A.1 also provides general information regarding device evaluation strategies. Tables A.3 to A.9
provide the rationale for the requirements specified in this document for bench tests and analyses to assess device
performance and safety. An explanation of the table headings for Tables A.3 to A.9 is given in Table A.1.

Guidance for the creation of a device-specific evaluation strategy is provided in Clause A.2. Two approaches
to create a device-specific evaluation strategy are provided:

a) focused device evaluation strategy in A.2.1;

b) comprehensivedeviceevaluatiomrstrategy imA22:

Annex B grovides a description of the potential clinical effects of failure identified in Annex A:
Annex C grovides a description of the potential device effects of failure identified in AnnéxA.
Additiongl descriptions of clinical and device effects of failure are included in Annexes-B and C, regpectively.
Annex D provides information to consider in developing appropriate bench test and analytical methods.

Annex E provides examples of terms for clinical use related to vena cava fjlters.

© IS0 2024 - All rights reserved
vii


https://standardsiso.com/api/?name=2a79b3bd7a2e4d28b49ceff4b387a23c



https://standardsiso.com/api/?name=2a79b3bd7a2e4d28b49ceff4b387a23c

International Standard
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Cardiovascular implants — Endovascular devices —

Part 3

Vena cava filters

1 Scop

This docu
systems)

by the m
documen{
the perfoi

NOTE 1
emergence
available. 4

This doct
by captui
to filters
address t

This docyment is also applicable to permanent filters, together with their associated delivery

optional
their assd

repositioning filters after chronic implantation, it.does not specifically address filter repositioning.

This docu
— te
— is
— p1

Although
documen{

NOTE 2

Although
comprehe

ment specifies the requirements for the evaluation of vena cava filter systems (filters an
and the requirements with respect to nomenclature, design attributes and informatior
inufacturer. Guidance for the development of in vitro test methods is included in Ann

\s further scientific and clinical data become available, a revision of this document will be necess

Imporary filters (e.g. tethered) that need to be removed after a defined period of time,

bues associated with viabletissues and non-viable biological materials, and

e

is intended to be used in conjunction with ISO 14630, which specifies general require
mance of non-active surgical implants.

Due to the variations in the design of implants covered by this document/and in some cases
of novel types of such implants, acceptable standardized in vitro test$\and clinical results are

ment is applicable to vena cava filters intended to prevent symptomatic pulmonary
ing blood clots in the inferior vena cava (IVC). While this document can be useful wit

ilters that can be retrieved and their assoejated retrieval systems, and convertible f]

1 delivery
supplied
bx D. This
ments for

due to the
hot always
ary.

embolism
h respect

implanted in other venous locations (e.g. superior vena cava, iliac veins), it does not specifically
ne use of filters in other implantation sites.

systems,
Iters and

ciated conversion systems. While this document can be useful with respect to the evalluation of

ment is not applicable to

ocedures and devices_(e.g. venous entry needle) used prior to the vena cava filter procedpre.

absorbable filters’and filters with absorbable coatings are within the scope of this docu
is not comprehensive with respect to the absorbable properties of these devices.

Absorbablé implants are covered in ISO/TS 17137.

ment, this

coated filters and coated filter systems are within the scope of this document, this docunpent is not

nsiye with respect to coatings.

NOTE 3
covered in

Vascular device-drug combination products are covered in ISO 12417-1 and some coating properties are

ISO 25539-4.

2 Normative references

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

the latest

edition of the referenced document (including any amendments) applies.

ISO 10993 (all parts), Biological evaluation of medical devices

© IS0 2024 - All rights reserved
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ISO 11135, Sterilization of health-care products — Ethylene oxide — Requirements for the development,
validation and routine control of a sterilization process for medical devices

ISO 11137 (all parts), Sterilization of health care products — Radiation

ISO 11607-1, Packaging for terminally sterilized medical devices — Part 1: Requirements for materials, sterile
barrier systems and packaging systems

ISO 13485, Medical devices — Quality management systems — Requirements for regulatory purposes
ISO 14630:2012, Non-active surgical implants — General requirements

ISO 14937, Sterilization of health care products — General requirements for characterization of a sterilizing
agent an ettt ; o . s

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

[SO 1766%-1, Sterilization of health care products — Moist heat — Part 1: Requirements for the dejelopment,
validation| and routine control of a sterilization process for medical devices

ASTM F2p03, Standard Practice for Marking Medical Devices and Other Items fop Safety in the| Magnetic
Resonanc¢ Environment

3 Terms and definitions
For the pyrposes of this document, the terms and definitions givenin iSO 14630 and the following|apply.
ISO and I[EC maintain terminology databases for use in standardization at the following addresses

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

— IEC E]ectropedia: available at https://www.electrépedia.org/

3.1
absorption
<biomatefial> action of a non-endogenous-{foreign) material or substance or its degradation|products
passing through or being assimilated by cells and/or tissue over time

3.2
absorballe coating
implant cqating (3.20) that is intennded to be absorbed

Note 1 to gntry: Drugs are exeluded from this definition of absorbable coatings.

3.3
access site
vein that |s used for.accessing the vena cava

EXAMPLE Jugular vein, femoral vein, subclavian vein, antecubital vein.

3.4
adverse event

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

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

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

© IS0 2024 - All rights reserved
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3.5

caval perforation/penetration

imaging [e.g. venography, computed tomography (CT)] showing filter components (e.g. struts, anchors)
extending more than 5 mm outside the wall of the vena cava

3.6
clinical effect of failure
specific detrimental clinical observations potentially associated with device failures

Note 1 to entry: The clinical effects of failure are described in Annex B.

3.7

clinical perforation/penetration
protrusiop of filter components (e.g. struts, anchors) through the vena cava wall causing haemgrrhage or
hematomp, or interacting with another organ (e.g. liver, bowel, aorta, psoas muscle, vertebral [body, lymph
nodes), aijd resulting in adverse clinical symptoms (e.g. abdominal or back pain) or autopsy findings

3.8
conversipn system
compone£ts that are intended to structurally alter a convertible filter (3.23.2) afterimplantation sq that it no
longer functions as a filter

Note 1 to gntry: A conversion system may also be used to inject contrast media (e.g.to obtain a cavagram) iff indicated
in the instfuctions for use (IFU).

3.9
delivery fystem
componeits of the filter system (3.18) used to deliver the filter to'the target position and to deploy|the filter

Note 1 to gntry: The delivery system may also be used to inject:contrast media (e.g. to obtain a cavagram) iff indicated
in the instfuctions for use (IFU).

3.10
determine
appraise ¢r analyse quantitatively

Note 1 to gntry: Also see evaluate (3.15).

3.11
device effect of failure
consequehce to the device potentially associated with device failure

Note 1 to gntry: The device effects of failure are described in Annex C.

3.12
device evaluation strategy
rationale for testifig selected for a specific vena cava filter system (3.18), based on requirements of the device
design and potential failure modes (3.16)

3.13
comprehensive device evaluation strategy table

optional communication tool to present the device evaluation strategy (3.12) for a specific vena cava filter
system (3.18) that addresses attributes of failure modes (3.16)

3.14

focused device evaluation strategy table

optional communication tool to present the device evaluation strategy (3.12) for a specific vena cava filter
system (3.18) that focuses on the unique characteristics of the device design or procedure and unique
aspects of the intended use

© IS0 2024 - All rights reserved
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evaluate
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qualitatively appraise or analyse

Note 1 to entry: Also see determine (3.10).

3.16

failure mode
type of difficulty or failure of the filter system (3.18) that can be encountered (hazards) in preclinical in vivo
or clinical use and can result in consequences (harm) to the subject

3.17

filter formation

manufact

3.18
filter sys

urer’s specified final expanded geometric configuration of the filter in the vena cava

fem

componeit consisting of the vena cava filter (3.23) and the delivery system (3.9)

3.19

filter sys
orientatid
access sitd

3.20
implant ¢
surface cd

Note 1 to d

Note 2 to ¢
the same (
or adhesiv]
coating.

Note 3 to ¢
to bridge €
an implant

[SOURCE;
3.21

fem orientation

(3.3) (e.g. jugular, femoral, subclavian, antecubital)

oating
ating (3.24) or surface modification (3.25)

ntry: Implant coating is considered a constituent of an jmplant.

ntry: A laminate, i.e. a composite material made of multiple layers of the same or different mat
r different internal structures assembled sandwich-like and bonded by heat, pressure, welding
es, is not in itself considered an implant coating-but the exposed surface of the laminate can be

ntry: A covering, for example additiondlymaterial (e.g. a graft) added to a structure (e.g. a stent) g
lements of the structure for the sol€ pirrpose of reducing the permeability of the structure, is not
coating.

[SO 17327-1:2018, 3.1]

implantﬂtion site
f

location

3.22
retrieval
compone

Note 1 to 4

vena cava filter({3.23) placement within the body

system
ts thatare intended to remove a specific filter

n (e.g. jugular, femoral) of the loaded filter within the delivery system\(3.9), based on the designated

brials with
, soldering
hn implant

pecifically
fonsidered

LI

ntey:"A retrieval system may also be used to inject contrast media (e.g. to obtain a cavagram) ifi11dicated in

the instrU\.t;Uua ful aST(IT U T

3.23

vena cava filter
filter implant

transluminally placed implant, which is used to prevent pulmonary embolism by capturing blood clots
traveling in the inferior vena cava (IVC)

© IS0 2024 - All rights reserved
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3.23.1
absorbable filter
filter, or filter with a component, that is designed to be absorbed (3.1)

Note 1 to entry: A filter with a component designed to be absorbed can function as a convertible filter (3.23.2) without
intervention.

3.23.2

convertible filter

filter that can be altered structurally after implantation such that some permanent implant remains that no
longer functions as a filter (e.g. functions as a stent)

3.23.3
optional filter
filter that{can be removed (retrievable filter) or can be left as an implant that permanently functiong as a filter

3.23.4
permanent filter
filter that{is designed as an implant which permanently functions as a filter

Note 1 to[entry: All optional filters (3.23.3) are also permanent filters. Permanent filters can incorporjate design
characteriptics that allow for retrieval or conversion and can be labelled for use of these optional features, if ppplicable.

3.24
surface cpating
layer of nmjaterial with any different property than the natural surface'of the substrate that is intgntionally
added to the substrate

Note 1 to gntry: The coating can partially or fully cover the substratesurface.
Note 2 to gntry: The term includes surface coatings created as aresult of additive manufacturing.
[SOURCE:ISO 17327-1:2018, 3.2]

3.25
surface modification
intentiongl conversion or reconstructionof‘the surface of the original substrate to form a new surface
material qonsisting of components of the substrate’s own material and possibly foreign material and forming
a surface Jayer with different properties

[SOURCE:ISO 17327-1:2018, 3.3]

3.26
unaccepfable filter tilting
clinically [significant rotation of the filter relative to the longitudinal axis of the vena cava and|resulting
in perfornance failure' (e.g. inadequate filtration, excessive filtration, filter migration, filter embolization,
caval perforation/penetration (3.5), clinical perforation/penetration (3.7), inability to retrieve thp filter as
applicablg, inability to convert the filter as applicable)

4 General requirements

4.1 Classification

A filter system shall be designated by its access site (see 3.3), orientation (see 3.17), implantation site (see
3.19), type (see 3.22), materials of construction, as well as surface modifications, coatings and/or drugs.

4.2 Materials of construction for filter system

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

© IS0 2024 - All rights reserved
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4.3 Configuration and size designation for filters

The configuration of a filter shall be designated by its geometry (e.g. conical) and whether it is permanent,
optional or convertible. The size of a filter shall be designated by the minimum and maximum intended caval
lumen diameters.

4.4 Intended clinical use designation

Vena cava filters are intended to prevent symptomatic pulmonary embolism by capturing blood clots in the IVC.

5 Intended performance

The requirements of ISO 14630:2012, Clause 4 shall apply.

6 Desien attributes

6.1 General

The requirements for design attributes in 6.2 to 6.10 and of ISO 14630:2012, Clause 5 apply. Gene

attributes
listed in |
design. It
filter and
documenf

for the filter system, the filter, the filter retrieval system and the filter conversion s)
[ables A.3 and A.9 with reference to the nonclinical testing negessary for the evaluat
is recognized that not all tests identified in a category arémecessary or practical for
or system. The tests considered and the rationale for sele¢tion and/or waiving of test
ed.

6.2 Filter system

In additig
accountt
a) thea
b) thea
c¢) thea
d) thea
e) thea
6.3 Ve

The desi

a) thea

n to the general requirements, the design attributes of the filter system shall at least
e following:

ility to permit safe and consistent deliverability of the filter to the intended deployment
ility to permit accurate and safe-deployment of the filter;

ility to inject contrast via the.delivery system if indicated in the IFU;

ility to permit safe withdrawal of the delivery system following deployment;

ility to maintain adequate structural integrity.

a cava filter

attributes of the vena cava filter shall at least take into account the following:

ility t0 ensure effective fixation in the intended location within the inferior vena cava;

Fal design
ystem are
on of the
Any given
s shall be

take into

location;

c) the ability to capture clots in the blood, while allowing acceptable blood flow;

d) the ability to prevent clinical perforation/penetration;

e) the compatibility of the filter dimensions for use with the specified caval diameters;

f) the compatibility with exposure to magnetic resonance imaging (MRI) fields.

© IS0 2024 - All rights reserved
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6.4 Optional filter

In addition to the attributes listed in 6.3, the design attributes of the optional filter shall at least take into
account the following:

a) the ability to be engaged;
b) the ability to be retrieved;

c) the ability to maintain adequate structural integrity through retrieval.

6.5 Convertible filter

In addition to the attributes listed in 6.3, the design attributes of the convertible filter shall at least take into
account the following:

a) the ability to be engaged;
b) the ability to be converted (e.g. into a stent);

c) the ability to maintain adequate structural integrity through and after conversion.

6.6 Retrieval system

attributes of the retrieval system shall at least take into a¢eount the following:
ility to safely reach the filter location;

ility to safely engage the filter;

ility to safely retrieve the filter;

ility to inject contrast via the retrieval system if indicated in the IFU;

ility to be safely withdrawn.

version system

attributes of the conversion'system shall at least take into account the following:
ility to safely reach the filter location;

ility to safely engage the conversion component of the filter;

ility to safelypcenvert the filter;

ility to.jnject contrast via the conversion system if indicated in the IFU;

ility to be safely withdrawn.

6.8 Filter system, retrieval system and conversion system

In addition to the general requirements, the design attributes of the filter system, the retrieval system and
the conversion system, as applicable, shall at least take into account the following:

a) visibility under fluoroscopy or other applicable imaging modalities;
b) compliance with the requirements of ISO 10993-1 and other appropriate parts of the ISO 10993 series;
c) the sterility of the systems;

d) the ability to minimize blood loss (haemostasis);

© IS0 2024 - All rights reserved
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e) the ability to maintain adequate resistance to unintended particulate generation;

f) the ability to meet specifications under conditions of transit and storage.

6.9 Coating on delivery system or filter
The design attributes of a coating on a delivery system or filter shall at least take into account the following:

a) the ability of the coating to maintain adequate integrity in accordance with design specifications (e.g.
freedom from significant delamination, flaps and bare spots);

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

¢) confgrmance of the coating dimensions, functional requirements (e.g. lubricity) and othdr coating
pararpeters (e.g. porosity, density, distribution) to the design requirements.

6.10 Absorbable filter or coating

The design attributes of an absorbable filter, and a filter containing an absorbable compongnt or an
absorbable coating, shall at least take into account the following:

a) the ability to degrade or absorb as designed over time;
b) apprgpriate mechanical properties over time;

c) the apility of the absorbable filter, absorbable component or absorbable coating to maintain|adequate
resistance to unintended particulate generation over time;

d) the pptential biological effects of degradants;

e) the apility to safely use MRI on a patient with an:absorbable filter or filter with absorbable coating
withqut negatively affecting the absorbable properties (e.g. due to heating).

7 Materials

The requjrements for materials of ISO 14630:2012, Clause 6 apply. Additional testing specific fo certain
materials|should be performed to determine the appropriateness of the materials for use in the design. For
example, hitinol materials dependent,6n shape memory properties should be subjected to testing ih order to
assess trgnsformation properties:

NOTE Additional information-regarding nitinol materials can be found in ASTM F2063 and ASTM F20§2.

8 Design evaluation

8.1 General

The requiréments of ISO 14630:2012, Clause 7, apply. A risk analysis shall be carried out in accordance with
the requirementsof 1SO #4971

Because optional filters can be used as permanent filters, testing appropriate for a permanent filter shall be
conducted for optional filters. Additional testing is appropriate for optional filters.

If the convertible filter can be used as a permanent filter, testing appropriate for a permanent filter system
shall be conducted. If part of the convertible filter is retrieved, testing appropriate for an optional filter
system shall be conducted. If the convertible filter is intended to function as a stent after conversion, the
requirements of ISO 25539-2 are applicable after conversion. If the convertible filter is not intended to
function as a stent after conversion, additional testing addressing the risks associated with the remaining
implant can be appropriate.
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rements and testing described in ISO 10555-1 and ISO 10555-3 can apply to the design evaluation

of a delivery system, retrieval system or conversion system.

The device design concept shall be considered in the selection of appropriate tests and associated test

methods.

The device design concept includes the:

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

— intended clinical use (see 4.4);

— device implantation procedures;

b L L 1 1" - .
i Cond]ﬂ,lUIlb Ol usc/cindacd 11 vivo ciivIT OIIIICIIL,

— minix

A device

the testin
requirem
communi

hum design life of the device.

evaluation strategy shall be created. A device evaluation strategy provideS_the ratjonale for
g selected to evaluate the filter system, retrieval system or conversion system, based on the
ents of the device design and potential failure modes. The device evaluation strategly may be
Cated in a table (device evaluation strategy table) as described in Annex’A. Alternativd methods

for presenting the device evaluation strategy may be used (e.g. a non-tabular presentation of thelrationale

for the tes

Emerging
requirem
needed b

NOTE 1
clinical us

Wheneve
methods,
performa
tables as

the poten

The use o
for design

The devid
and in thd
to charad

ting based on the potential risks and benefits of the various systems for the intended clinical use).

-technologies associated with the intended clinical use,should be evaluated follgwing the
ents of this document, where appropriate. The device evaluation strategy should identiffy testing
byond the scope of this document to characterize these s§stéms.

All testing in this document are not necessarily appropriate for all within scope systems of intended
S,

- changes are made in materials, construction, configuration, intended clinical use or grocessing
an appropriate analysis of the potential impact of the change on the potential failure njodes and
hce of the system shall be performed. This evaluation may be communicated using agpropriate
lescribed in Clause A.2. Appropriate testing shall be conducted as deemed necessary, cdnsidering
Fial impact on device performance df the change.

[ a comparator device may be considered in the evaluation of certain design attributes, particularly
iterations.

e design evaluation should be appropriate for the conditions of use described in the design concept
[FU. Though not requiréd for the design evaluation, testing beyond these limits may be cpnsidered

terize the changesln device performance (e.g. durability, proper positioning, orientafion) as a

function ¢f use outside of.the recommended conditions (e.g. sizing). Information obtained from sufh testing

can be us
the IFU fo

condition

eful in establishing acceptance criteria and in identifying appropriate warnings or precputions in
r physicianusers.

, where applicable. Justification for the selection of tests shall be provided. Generally this will

Testing t} establish the labelled shelf-life shall be conducted by repeating appropriate tests {fter aged

not includefong-term durability testing, unless the materials of construction are susceptible to dejgradation

that cannot be evaluated through shorter-term testing, or other tests that measure parameters that are not

expected

NOTE 2

to be affected by aging (e.g. MRI safety testing, corrosion testing).

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

8.2 Sampling

A sampling plan shall be utilized which ensures adequate representation of the design has been obtained for
each characteristic measured. It should be verified that the design attributes of the filter system, retrieval
system or conversion system are representative of the devices to be released for distribution including all
sizes, configurations and components.
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The sampling shall fully represent the range of device sizes and does not necessarily require testing of each
size. It can be necessary to conduct an analysis to identify the size(s) of the device with the greatest potential
for failure.

Multiple approaches to sample selection should be considered, depending on whether there are differences
in relevant attributes of different device sizes (e.g. strut thickness, length, diameter) and the parameter
under test (e.g. radial force).

The samples selected for each test shall represent adequately challenging case(s). Consideration shall be
given to filter size and orientation, delivery system sizes (diameter and length) and implant conditions (e.g.
intended vena cava size and shape). It can be necessary to conduct an analysis to identify the samples with
the greatest potential for failure under specified implant conditions.

A rationale should be provided for sample selection. For all tests, the number of samples should bg|

8.3 Conditioning of test samples

All samples shall be subjected to sterilization, including multiple sterilizations, rif-appropria
justificatipon is provided for use of non-sterilized products.

Samples ghould be subjected to conditions that are normally encountered thatcan affect the perfo
the devic¢ and test results. Examples of conditioning are preparation of the filter system, loading o
inside th¢ delivery system, tracking of the filter system through relevafnt simulated tortuous v3
and deployment of the filter.

8.4 Reporting
For the pt

The design evaluation report should include an appropriate table of contents and four main s
backgrouhd, an executive summary, individual testgsummaries and appendices that include t
evaluatioh strategy and the detailed reports. Pages should be numbered sequentially throu
document (including appendices).

a) The Hackground section should describe.the device design concept.

b) The executive summary should in¢lude:

¢) Individuattestsummraries stoutd imnciude:

o5}

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

o8]

summary of the deyiceevaluation strategy, includingjustification for the omission of tests
1 this document;

—

o5}

table to summarize the testing completed, with the following columns: name of test, tes
bst sample @escription, number of samples, acceptance criteria, summary of results and co
Ind crossireferences to the test summary and full test report;

[V =

alsummary conclusion statement.

justified.

Le, unless

Fmance of
[ the filter
sculature

[rposes of this document, reporting refers to submission to a national regulatory authority.

pctions: a
he device
bhout the

identified

[ purpose,
nclusions,

a brief summary of the purpose, methods and results;
the significance of the test results:
— for tests with acceptance criteria, justification for the criteria; or

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

d) Individual test reports should include the following information:

purpose: state the purpose of the test as it corresponds to this document;
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8.5 Bench and analytical tests

8.5.1 General

Testing of the filter system, the filter, the filter retrieval system and the filter conversion syster]
conducted to evaluate the design attributes in Clause 6, asapplicable. The appropriate tests to eva
design atfribute are based on the potential associatedifailure modes, device effects of failure ay
effects off failure. The rationale for the requirements’specified in this document for the bench
analytical analyses to assess device performanceds described in Annex A.

8.5.2 Fjlter system

8.5.2.1

The abilitly of the filter system to.permit safe and consistent delivery, deployment and withdrawy
assessed.

The assodiated device/procedure related functions, potential failure modes and potential device
failure and clinical effects’of failure to be considered are listed in Table A.3.

Testing shall includé the items listed in 8.5.2.2 to 8.5.2.6, as appropriate to the design of the filter §

8.5.2.2

ISO 25539-3:2024(en)

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

propriate

means of traceability, critical equipment) used in performing the test, using figures and diagrams as

appropriate;

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

selection

acceptance criteria, if applicable: state the criteria for the test results, including justification and/or
clinical relevance; clinical applicability of the acceptance criteria shall take into consideration the

anatomical and physiological conditions of the intended use;

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

defined inspection procedures, and provide a justification for relevant test parameters;

otocol deviations: describe any deviations and their potential significance on the interpy
the results;

ekpression of results: report testing results expressed in units as indicated in thetest mef

iscussion, if applicable: include a discussion on the potential clinical significance of the r

[l

Kkplanation of the relevance of the results for characterization tests;

General

Dimensional verification and component dimensional compatibility

etation of

hod;

bsults;

pnclusions: state conclusions, based on comparing results to acceptance criteria or pfovide an

n shall be
uate each
1d clinical
tests and

1 shall be

effects of

ystem.

Determine the filter system dimensions, including the usable or working length, profile, and all other
appropriate dimensions, for conformance with design specifications, and determine the dimensions for
compatibility with the dimensions of recommended accessories.

8.5.2.3

Force to deploy

Determine the force to deploy the filter under simulated anatomical conditions. All applicable steps of
the deployment process (e.g. filter release, delivery system retraction) as specified in the IFU should be
evaluated.

NOTE

The force to deploy can be used to help establish relevant tensile strength acceptance criteria.
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8.5.2.4.1
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Simulated use

General

Evaluate the performance of the filter system with accessory devices specified in the IFU and using a
model(s) that simulate(s) the intended use conditions.

8.5.2.4.2

Ability to deliver

Evaluate the ability of the filter system to be advanced through the introducer sheath. Torquability shall be
assessed for designs that require significant rotational control.

8.5.2.4.3

8.5.2.4.3.

Evaluate 1

8.5.2.4.3.

Evaluate 1

8.5.2.4.3.

Evaluate
tilting) fo

8.5.2.4.4

Evaluate

8.5.2.4.5

Evaluate 1

8.5.2.4.6

Evaluate 1

8.5.2.5

Determin
strength
strength

Ability to deploy

1 General

he ability of the filter system to deploy the filter.

2 Deployment accuracy

he accuracy of the filter deployment in relation to the intended target site.

3 Deployed configuration

he ability of the filter to take the proper configuration.and orientation (e.g. without ung
lowing deployment from the filter system.

Ability to withdraw

he ability of the filter system to be withdraw#from the anatomical model(s), post filter de

Compatibility

he compatibility of the filter system with accessory devices.

Contrast injection

he ability to performra contrast injection via the delivery system, as applicable.

Tensile bond strength

e the tensile.bond strength of the joints and/or fixed connections of the filter system. Ev
bf the segments adjacent to the bonds of the filter system separately or concurrently with
letermination.

cceptable

ployment.

hluate the
the bond

The accef

tance criteria for the bond strength(s) should take into consideration the expected forc

s applied

to the filter system during clinical use [e.g. tracking (access and withdrawal] and deployment].

NOTE

8.5.2.6

The force to deploy can be used to help establish relevant bond strength acceptance criteria.

Torsional bond strength

Evaluate the torsional strength of the joints and/or fixed connections in the segments of the filter system
that are subjected to torsion during clinical use, or provide justification if torsion is not applicable based
on the intended clinical use. Evaluate the torsional strength of the segments adjacent to the bonds of the
filter system separately or concurrently with the torsional bond strength evaluation. The results shall be
evaluated in relation to the torque necessary to access, deploy and withdraw the system, if applicable based
on the intended clinical use.
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8.5.3 Vena cava filter

8.5.3.1 General
The ability of the implant to filter blood for clots without causing caval occlusion shall be assessed.

The associated device/procedure related functions, potential failure modes and potential device and clinical
effects of failure to be considered are listed in Table A.4.

Testing shall include the items listed in 8.5.3 to 8.5.5, as appropriate to the design of the filter. The tests
are grouped based on similarities in the objectives of the testing; however, tests are not repeated within
multiple categories. Refer to Annex A for a complete listing of the test applicable to each design attribute.

8.5.3.2 [Clot trapping

Determing the ability of the filter to capture clots, demonstrating that the device can-capture|clinically
significarft emboli, yet still permit sufficient blood flow around trapped emboli without caval pcclusion.
Clinically[significant emboli, usually described as the numbers of clots at various sizes’(e.g. diameters and
lengths), hall be determined and justified by the manufacturer. The clot-trapping-ability of the fiilter shall
also be challenged in non-optimal positions (e.g. tilted) to determine the sensitivity of the design. Refer to
Referencds [48], [52], [73], [Z5], [80], [82] to [86] and [104] to [106] for more-information on clot tjapping.

8.5.3.3 |Corrosion
Evaluate the susceptibility of a filter with metallic materials to copposion.

The corrgsion mechanisms can include pitting, fretting, crevice and galvanic corrosion. Each |corrosion
mechanisim should be evaluated for specific filter designs, as;appropriate.

In cases where different metals can be in contact by vintue of the device design or IFU, galvanic|corrosion
shall be pssessed (e.g. radiopaque markers). Corro§ion assessment includes, but is not limit¢d to, the
evaluatiof of test results, the review of literature and the consideration of the historical clinical perfformance
of the material(s) under assessment. Guidance on-corrosion assessment is given in a variety of sofirces (e.g.
literature} textbooks, standards, regulatory. guidance documents).

NOTE1 |[Additional guidance is given in ISO~¥7475, ASTM F746, ASTM F2129, ASTM G5, ASTM G71, ASTM G102 and
ASTM F3044.

Dependinig on the surface finish and-the corrosion testing results, the potential detrimental clinicgl effect of
ion release should also be considered. Guidance on ion release is given in a variety of sources (e.g. literature,
textbookg, standards, regulatery guidance documents).

NOTE 2 |Additional guidance is given ASTM F3306.

8.5.3.4 [|Fatigueand durability — Computational analyses

Calculate [the¢qmagnitude and location of the maximum stresses and/or strains for each appropriafe loading
scenario hased upon the 1ntended chmcal apphcatlon and device de51gn Approprlate computatlonc l analysis
[ e stresses

and/or stralns can be compared to materlal characterlstlcs to calculate the fatlgue safety factor

Computational analyses may also be used to establish appropriate test conditions and to select test articles
for fatigue and durability testing.

8.5.3.5 Fatigue and durability — In vitro testing

8.5.3.5.1 General

Evaluate the long-term structural integrity of the filter under cyclic loading conditions that represent the in
vivo environment (this can require several different test configurations).
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Potential integrity failures to be assessed can include fracture and component separation. Relevant in
vivo loads (e.g. compression resulting from respiration and Valsalva manoeuvre) shall be considered when
evaluating fatigue and durability.

In vitro fatigue testing of the filter or the appropriately justified test article shall be performed to
demonstrate durability for an appropriate and justified duration. For example, in vitro testing representing
a minimum of 10 years should be conducted for permanent implants. If the intended implant duration is less
than 10 years, then shorter duration fatigue testing is more appropriate, with justification.

If fatigue testing is performed to compare the durability of one filter to another filter that has clinically
demonstrated durability or clinically known problems with durability, the duration of the test shall be
justified.

Considerdtion shall be given specifically to convertible filters in both filtering and converted state

2]

8.5.3.5.2| General considerations

In identifying the appropriate durability tests, developing test methods and establishinig’acceptande criteria,
consideration of the device design (e.g. geometry, material selection) and intended ‘clinical use (e.g. implant
location, flisease state) is necessary. Compressive loading associated with normgalrespiration, Valsalva or
an intera¢tion with other native anatomy in the vicinity of the vena cava shoyld be considered. The loading
modes, mpgnitudes and numbers of cycles should be justified.

8.5.3.5.3 Compression fatigue and durability

Evaluated the long-term structural integrity of the filter when“Subjected to cyclic compressive loading
conditionf perpendicular to the filter axis (e.g. compression aleng the entire length, local compression), if
applicablg.

8.5.3.6 [Dimensional verification of the filter

Determing the appropriate dimensions of the deployed filter for verification to design specifications.

8.5.3.7 [Filter tensile strength

Determing the tensile strength of relevant components, including bond joints and/or fixed connpctions of
the filter.

8.5.3.8 [Migration resistance

Determing the pressure gradient necessary to cause a clot-loaded filter or the force necessary fo cause a
non-loaddd filter to migrate in the cephalad direction. Also, consider determining migration resjstance in
the caudall direction depending upon the device design.

8.5.3.9 [Magnetic resonance imaging

Using clirjiéally relevant magnetic resonance (MR) environments (e.g. appropriate static magnetiq field and
spatial magnetic gradient field], evaluate the potential Tor

a) magnetically induced displacement force and torque, and
b) radiofrequency-induced (RF) heating of the filter.

Determine the appropriate MR safety term (i.e. MR safe, MR conditional or MR unsafe) as defined in
ASTM F2503.
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Characterize the MR image artefact produced by the filter. Describe the location and extent of the image
artefact effect on the ability to visualize the device and adjacent anatomy.

NOTE1 No acceptance criterion is needed for image artefact as the effect of the MR artefact on the usefulness of
the image depends on the MR environment and the anatomical region being imaged with respect to the location of
the filter. For example, although image artefact associated with an abdominal filter can affect the ability to image the
lumbar spine, it would not affect the ability to image the head and neck.

NOTE 2 The MRI artefact caused by some filters can compromise the effectiveness and limit the use of MRI in
patients with the implants.

Test methods for evaluating magnetically induced displacement, torque, RF heating and imaging artefact
can be found in:

— ASTM F2052;
— ASTM F2213;
— ASTM F2182;
— ASTM F21109.

8.5.3.10 [Radial force

Determing the force exerted on the surrounding tissue by a vena cat¥a filter as a function of|the filter
diameter.

8.5.4 tional filter

8.5.4.1 |[General

In additign to the attributes listed in 8.5.3.1, the abiliby of the optional filter to be safely, consistently and
accurately retrieved shall be assessed.

The assodiated device/procedure related functiens, potential failure modes and potential device and clinical
effects offfailure to be considered are listed\inTable A.5.

Testing shall include the items listed in8.5.4.2 to 8.5.4.4, as appropriate to the design of the optionfal filter.

8.5.4.2 [Filter tensile strength

Determing the tensile strength of relevant components, including bond joints and/or fixed conngctions of
the filter.

8.5.4.3 [Force to retrieve

Determing theforce to retrieve the vena cava filter in an anatomical model, using the retrieval pystem as
specified inthe'lFU, if applicable.

8.5.4.4 Simulated use
Evaluate the performance of the optional filter using a model(s) that simulate(s) the intended use conditions.

Evaluate the ability to be engaged during retrieval and the ability to be retrieved using an anatomical
model(s) that is (are) representative of the anatomical variation in the intended patient population.
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8.5.5 Convertible filter

8.5.5.1 General

In addition to the attributes listed in 8.5.2.1, the ability of the convertible filter to be safely, consistently and
accurately converted shall be assessed, including the use of the conversion system as specified in the IFU, as
applicable. The associated device/procedure related functions, potential failure modes and potential device
and clinical effects of failure to be considered are listed in Table A.6.

Testing shall include the items listed in 8.5.4.2 to 8.5.4.4, as appropriate to the design of the convertible filter.

8.5.5.2 Filter tensile strength

Determing the tensile strength of relevant components, including bond joints and/or fixed connctions of
the filter.

8.5.5.3 [Force to convert

Determing the force to convert the vena cava filter in an anatomical model, using'the conversion pystem as
specified in the IFU, as applicable.

8.5.5.4 |Simulated use
Evaluate performance of the convertible filter using a model(s) thatsithulate(s) the intended use cpnditions.

Evaluate [the ability to be engaged during conversion and the “ability to be converted to the proper
configuraftion, using an anatomical model(s) that is (are) repkesentative of the anatomical variation in the
intended patient population.

8.5.6 Reptrieval system

8.5.6.1 |General
The abilitly of the retrieval system to permitsafe and consistent retrieval of the filter shall be assefsed.

The assodiated device/procedure related functions, potential failure modes and potential device|effects of
failure and clinical effects of failuretg-be considered are listed in Table A.7.

Testing shall include the items tisted in 8.5.6.2 to 8.5.6.6, as appropriate to the design of the retrievpl system.

8.5.6.2 [Dimensional yerification and component dimensional compatibility

Determing the retrieval system dimensions, including the usable or working length, profile and all other
appropridte dimefisions, for conformance with design specifications and determine the dimensions for
compatib]lity with*the dimensions of recommended accessories.

8.5.6.3 [Force to retrieve

Determine the force to retrieve the filter in an anatomical model using the retrieval system as specified in
the IFU.

8.5.6.4 Simulated use

8.5.6.4.1 General
Evaluate the performance of the retrieval system using a model(s) that simulate(s) the intended conditions.

Evaluate the ability to be advanced through the introducer sheath, engage the filter, retrieve the filter and
withdraw the retrieval system (including filter, if applicable) using an anatomical model(s) that is (are)
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representative of the anatomical variation in the intended patient population. Evaluate the compatibility of
the retrieval system with accessory devices.

8.5.6.4.2

Contrast injection

Evaluate the ability to perform a contrast injection via the retrieval system, as applicable.

8.5.6.5

Torsional bond strength

Evaluate the torsional strength of the joints and/or fixed connections in the segments of the retrieval system
that are subjected to torsion during clinical use. Evaluate the torsional strength of the segments adjacent to
the bonds of the retrieval system separately or concurrently with the torsional bond strength evaluation.

The results shall be evaluated in relation to the torque necessary to access, retrieve and with

system. A

8.5.6.6

Determin
the stren
the bond

The accep
to the ret

NOTE
857 C

8.5.7.1
The abilit

The assod

failure and clinical effects of failure to be cen'sidered are listed in Table A.8.

Testing sh

8.5.7.2
Determin|

approprid
compatib

8.5.7.3

Determin|

[ternatively, provide justification if torsion is not applicable based on the intended clinicq

Tensile bond strength

e the tensile bond strength of the joints and/or fixed connections of the retrieval system
bth of the segments adjacent to the bonds of the retrieval system separately or concurrg
strength determination.

tance criteria for the bond strength(s) should take into consideration the expected forc
rieval system during clinical use [e.g. tracking (access and withdrawal) and retrieval].

The force to retrieve can be used to help establish relevant bond strength acceptance criteria.
pnversion system

General
y of the conversion system to permit safe and consistent conversion of the filter shall be

iated device/procedure related functions, potential failure modes and potential device

allinclude the items listed in 8.5.6.2 to 8.5.6.6, as appropriate to the design of the conversig

Dimensional verification-and component dimensional compatibility

e the conversion system dimensions, including the usable or working length, profile anc

draw the
1] use.

Evaluate
ntly with

ps applied

hssessed.

effects of

n system.

| all other

te dimensions, for~ conformance with design specifications and determine the dimeinsions for

lity with the dimensions of recommended accessories.

Force to.convert

e the force to convert the filter in an anatomical model using the conversion system as sy

ecified in

the IFU, if

dpplicable.

8.5.7.4

8.5.7.4.1

Simulated use

General

Evaluate conversion using a model(s) that simulate(s) the intended conditions.

As applicable, evaluate the ability of the conversion system to be advanced, to engage the filter, to convert
the filter and to be withdrawn using an anatomical model(s) that is (are) representative of the anatomical
variation in the intended patient population. Evaluate the ability to perform a contrast injection with the
filter system in place, as applicable. Evaluate the compatibility of the conversion system with accessory

devices.
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Contrast injection

Evaluate the ability to perform a contrast injection via the conversion system, as applicable.

8.5.7.5

Torsional bond strength

Evaluate the torsional strength of the joints and/or fixed connections in the segments of the conversion
system that are subjected to torsion during clinical use. Evaluate the torsional strength of the segments
adjacent to the bonds of the conversion system separately or concurrently with the torsional bond strength
evaluation. The results shall be evaluated in relation to the torque necessary to access, convert and withdraw
the system. Alternatively, provide justification if torsion is not applicable based on the intended clinical use.

8.5.7.6

Determin
the streng
the bond

The accey
to the con

NOTE
858 F

8.5.8.1

The assoq

failure and clinical effects of failure to be considered are listed in Table A.9.

Tensile bond strength

e the tensile bond strength of the joints and/or fixed connections of the conversion system
rth of the segments adjacent to the bonds of the conversion system separately orconicurr
strength determination.

tance criteria for the bond strength(s) should take into consideration the.expected forc
version system during clinical use [e.g. tracking (access and withdrawal)and conversion

The force to convert can be used to help establish relevant bond strengtlacceptance criteria.
Iter system, retrieval system and conversion system

General

iated device/procedure related functions, potential failure modes and potential device

Testing shall include the items listed in 8.5.7.1 ahd”8.5.7.5, as appropriate to the design of
componeits.

8.5.8.2 |Visibility

Evaluate [the ability to visualize filter ‘and/or system radiopaque components (e.g. markers)
imaging tpchniques specified in the IRU.

8.5.8.3 [Biocompatibility

The biocpmpatibility of €he filter system, the retrieval system and the conversion systemsg
evaluated in accordance with ISO 10993-1 and appropriate other parts of the ISO 10993 series.
should gdnerally betésted separately from the delivery system. However, there can be some
thrombogenicity, implantation) where the filter and delivery system are used or tested together f
part of the test, and these should be appropriately justified.

8.5.8.4 [Sterilization assurance

. Evaluate
ently with

bs applied
IB

effects of

h1l device

using the

shall be
The filter
fests (e.g.
br at least

Sterilization shall be ensured in accordance with appropriate international standards.

8.5.8.5

Haemostasis

Evaluate the ability of haemostatic seals or valves in the filter system, the retrieval system and the
conversion system to minimize leakage of blood. This requirement is not applicable to systems that do not
contain haemostatic seals or valves.
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8.5.8.6 Particulate generation

8.5.8.6.1 General

Consider the potential for particulate generation and likely clinical significance that can be associated with
the filter system through a risk assessment. The risk assessment should consider the potential for occurrence
of adverse clinical events associated with particulate generation (e.g. stroke, pulmonary embolism) based on
several factors, including the tolerance for ischemia of the end organ. The risk assessment should consider
whether there are device design features that are susceptible to particulate generation (e.g. presence of an
absorbable coating, hydrophilic coating) or if there is an observation during testing to indicate that there
can be a higher risk of having significant particulates generated in either size or quantity (e.g. generation of
visible particles during simulated use, observation of particulates or particle effects in downstream tissue
beds duripg in vivo studies).

Document the risk assessment. If the risk assessment indicates that either acute and/or chronic pprticulate
generatiop does not require further evaluation based on the level of risk, the risk assessment‘documentation
is sufficignt to address the particulate generation requirement. If the risk assessment indicatep that the
potential for acute and/or chronic particulate generation and likely clinical significance exists, acyte and/or
chronic t¢sting shall be conducted, as applicable. It is not expected that particulates'will always njeed to be
characterjized beyond size and quantity. Depending on the quantified particulate tést results and gssociated
clinical rigk, additional particulate characterization (e.g. chemical identificatien, crystallinity, mofphology)
and identjfication of the particulate source can be appropriate.

8.5.8.6.2 Acute particulate generation

Charactetfize the particles generated acutely from the filter system, the retrieval system and the cpnversion
system thlat can be associated with advancement, deployment;retrieval, conversion and withdrawal.

8.5.8.6.3| Chronic particulate generation

Charactetfize the particles generated over time from the filter that can be associated with designfs that are
susceptib]e to particulate generation over time (e{g. absorbable, coated).

8.5.9 (Cpating on the delivery system, the'retrieval system, the conversion system or the filter

Based on|the potential associated failure modes, device effects of failure and clinical effects pf failure,
identify the appropriate testing to évaluate the specific design attributes associated with a codting on a
delivery dystem or filter and conduct testing to address the risks identified in the assessment. Tegting shall
be identifjed as part of the device‘evaluation strategy and shall include an assessment of shelf-life.

Selection |of the appropriate tests for a filter coating (i.e. an implant coating such as a surface ¢oating or
surface njodification),should take into account the overall requirements described herein as well as the
potentially relevant evaluations described in ISO 25539-4, which describes numerous coating varjieties and
methods pf charagterization that should be selected based on their relevance to both the utilizgd coating
process and this\intended filter application. Although I1SO 25539-4 considers an oxide layer to be ja coating,
it is expefcted. that the testing described in this document would be adequate to fulfil the reqjiirements
described iSO 25539-4 for a filter with an oxide layer. T

8.5.10 Absorbable filter or coating

Based on the potential associated failure modes, the device effects of failure and the clinical effects of failure,
identify the appropriate testing to evaluate the specific design attributes associated with an absorbable
filter or a filter containing an absorbable coating and conduct testing to address the risks identified in
the assessment. Testing shall be identified as part of the device evaluation strategy and shall include an
assessment of shelf-life.

Not all testing parameters described in this document are applicable to absorbable filters. Selection of the
appropriate tests should take into account this document and ISO/TS 17137 which includes requirements
and testing applicable to absorbable implants.
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8.6 Preclinical in vivo evaluation

8.6.1 Purpose

The purpose of preclinical in vivo testing is to evaluate the deployment of the filter, the biological response
of the host to the filter, the effect of the implant environment on the filter, and the retrieval or conversion
of the filter. Preclinical in vivo testing should provide data pertaining to safety. If the objective of an animal
study can be met through alternative means (e.g. through reference to previously conducted animal and/or
clinical studies), the use of previously obtained data or other supportive information shall be justified. The
justification should include comment on the relevance of any differences between the subject device and the
device used in the previous study and the relevance of any differences in the intended uses. Multiple studies
may be conducted to address all the relevant specific aims for a particular filter system, a retrieval system

onversion system.

becific aims

ms of the study shall be stated in the protocol. More than one study may be,used to add
h can include the following:

nluate the ability to access the target location with the filter system;

and the visualization of caval perforation/penetration;

iluate the deliverability of the filter to the intended implasit location;

hluate the accuracy of deployment including adequate fixation;

luate the ability to withdraw the delivery systems;

\luate the position, patency and structural integrity of the filter acutely and at explant;

hluate the ability to access the intended retrieval or conversion location with the retriev
conversion system (if applicable);

nluate the handling, the ease of use'and the visualization of the retrieval system or the ¢
m (if applicable);

\luate the ability and ease of retrieving or converting the filter (if applicable);

aluate the ability ta withdraw the retrieval system or conversion system, with any
pusly implanted coniponents following retrieval or conversion (if applicable);

hluate the funttional haemostasis of the delivery system, the retrieval system or the ¢
m, as applicable;

hduct gress and histopathological evaluation of explants and pertinent tissues/organs
llowing:

ress these

hluate the handling, the ease of use, the visualization of the filter\system, the visualizatfion of the

al system

bnversion

removed

pbnversion

including

filter extending outside cava wall);

emorrhage,

— evaluate regional effects after implantation (e.g. clinical perforation/penetration, potential

ownstream effects in lungs);

— evaluate systemic effects after implantation (e.g. necropsy);

to consider the end points that can be used to help address the requirements of the ISO 10993 series;

and/or a ¢
862 S
Specific a
aims whi
a) toev
b) toev
filter
c) toev:
d) toev
e) toev
f) toev:
g) toev
or the
h) toev
syste
i) toev
j) to ev
previ
k) toev
syste
1) toco
the fq
— @
d
m)
n)

to record failure modes, device and clinical effects of failure (see Annexes A, B and C for potential failure
modes and effects of failure) and adverse events.
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Although the evaluation of failure modes such as structural failure of the filter is not always a specific aim of
an animal study, recording and addressing the associated observations is appropriate.

8.6.3 Protocol considerations

Each filter system, retrieval system and/or conversion system shall be tested by implantation of the filter at
the intended, or an analogous, vena cava site in a reasonable number of animals for an adequate duration of
time (e.g. 12 weeks) to accomplish the specific aims of the study. A control can be appropriate for comparison
purposes. For retrievability, an appropriate duration prior to filter retrieval shall be justified. Similarly, for
conversion studies, an appropriate duration prior to conversion shall be justified. 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 shoyld be of clinical quality and size and of the design intended for clinical use.

Interpretstion of animal study results can be enhanced by the use of at least a small numbeér
animals dr control devices for comparison purposes. A rationale should be provided if aigontrol ij
in the stufly.

All anim
and appr¢priate tissues/organs shall be completed. If an animal either dies or ‘miist be sacrifice
scheduled termination, it shall be subjected to immediate post-mortem examination. The causq
or illness| and the extent to which the implant was implicated shall be documented. Informati
animals ifnplanted with either test or control filter, including those excluded from the final analysé
recorded pnd included in the test report.

The design of the preclinical in vivo testing, including the experimental protocol, measurement
and data [analysis, shall be documented. In addition, the choice of animal model, such as specig

age, weight, shall be justified and shall be consistent with“the study objectives. Implantatio
applicabl¢ retrieval or conversion, shall be consistent with“the instructions for use, as far as per
the limitations of the animal model. In particular, the filter sizing with respect to the IVC should h

to the indficated sizing as possible in order to realistically simulate implantation conditions.

Follow appropriate quality management practicés and animal welfare protection measures
followed in the execution of an animal study.

8.6.4 Dfata acquisition
The folloying minimum data shall be)recorded for each animal receiving a filter:

a) identjfication data:

1)
2)
3)
4)
5)
6)

Is in the study shall be regularly examined. Histological and pathological’assessment o

species;
spurce of animat;

lnimal identification;

o5}

SEX;

bf control
not used

[ explants
d prior to
of death
on for all
s, shall be

methods
s, gender,
nh, and as
mitted by
e as close

hould be

approximate age;

mass;

b) pre-operative data:

iy
2)

the verification of satisfactory health status;

medication (e.g. prophylactic antibodies);

c) operative data:

1y

the date of procedure;

© IS0 2024 - All rights reserved
21


https://standardsiso.com/api/?name=2a79b3bd7a2e4d28b49ceff4b387a23c

2)
3)

4)

5)
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the name of person(s) performing procedure;

the implant and procedure information including:

i) the identification of filter system, retrieval system and/or conversion system;
ii) the identification of accessory devices;

iii) the filter identification number;

iv) the diameter(s) of recipient vessel(s), including major and minor axes before and after implant;

v) the use of any medications;

<

i) the implantlocation;

<

ii) the access site;

<

iii)the use of systemic antiplatelet/anticoagulant therapy;

—t

he assessment of parameters specified in the protocol, such as:

i] theability to access the target site with the filter system (e.g. pushability, flexibility, tof
trackability as applicable);

if) the ease and ability to accurately deploy the filter, including‘adequate fixation;

iii) the ability to visualize the delivery system, the filterand the retrieval or conversion
applicable;

iy) the ability to withdraw the delivery system;

v) the compatibility with accessory devices;

<

i) blood loss (e.g. amount and location);

<

ii) functional haemostasis of the délivery system and the retrieval or conversion s
applicable;

<

iii) position (e.g. location, tilt), patency, integrity and absence of abnormalities (e.g. filte
at pre-specified intervals;

—

x) the ability to access the intended retrieval and conversion location with the retriev
and conversion system (if applicable);

>

handling and\visualization of the retrieval system and conversion system (if applicab

o

i) the ability'to retrieve or convert filter (if applicable);

X

ii) theability to withdraw the retrieval system and conversion system, with any
previously implanted components following retrieval or conversion (if applicable);

quability,

Kystem as

ystem as

' damage)

al system

);

¢}

removed

o)

111) the observed device and clinical effects of fallure and adverse perioperative events,
severity, management and outcome;

xiv) any significant deviation from the proposed deployment instructions or protocol;

description of the explant procedure including:

including

i) the identification of retrieval system, conversion system and accessory devices (if applicable);

ii) the filter identification number;

iii) the diameter(s) of the recipient vessel(s);
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iv) the description of filter formation;
v) thelocation of filter prior to explant;

vi) the access site for retrieval or conversion (if applicable);

d) post-operative and follow-up data:

1)
2)

post-operative duration at the time of follow-up;

medications, including those that affect coagulation;

3) the assessments of structural integrity, the position of the filter (e.g. location, tilt, caval perforation/

4)

5)
6)

termination data:

iy
2)
3)
4)

5)
6)
7)

8.6.5

Results of all animals enrolled(inthe protocol shall be recorded and reported, even if excluded fron
analysis.

The test report shall in¢lude the following:

a)
b)

the sfudy protocol;

the rationalefor selection of the following:

1)
2)
3)
4)
5)
6)

the observed device and clinical effects of failure and adverse events (e.g. clinical pe
plenetration, including date of occurrence, severity, management and outcome);

the assessment of other parameters specified in the protocol;

ajny significant deviation from protocol;

—

ne date of sacrifice;

—

he reason for early termination or death (if applicable);

—

ne name of person(s) performing procedures and assessments;

(=

he assessments of structural integrity, patency and position of filter, including the 1
isualization;

<

—t

he assessment of other parameters specifieddn the protocol;

—t

he gross alteration in the dimensional and physical properties of the filter;

ot

he gross and histopathological assessment of explants and appropriate surrounding {
ssues/organs.

(=3

Test report and additional information

foration/

hethod of

ind distal

h the final

animal maodel inr]nding species gpndpr age and vvpighf-

implantation site;

the control for comparison or rationale for not using a control group (if applicable);
implantation periods;

methods of assessment;

intervals of observation;
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e filter;

thological

7) sample size (i.e. number of animals and implants);
c) results:

1) animal accountability, including rationale for exclusion of data from the primary analysis;

2) the number of filters successfully implanted and the number of filters unsuccessfully implanted;

3) the number of filters successfully retrieved or converted, and the number of filters not successfully
retrieved or converted, as applicable;

4) the operator's assessment of ease of deployment, visualization and handling;

5)  thediscussionolbsiving and polential impact on studyv reculie

6) alsummary of any changes in position, structural and material integrity and patency-of th

7) aJsummary of device and clinical effects of failure and adverse events;

8) alsummary of unexpected deaths or early terminations, with discussion of pestmortem pa
efvaluation, suspected aetiology and the potential for the death to be related-to the device;

9) al summary of animal health including scheduled examinations,-clinical observation

10) alsummary of gross pathology evaluation and histopathology of explants and appropriat

11) alsummary of other information required by the protocok

12) sjgnificant and/or relevant deviations from protocal;

13) ajcomparison of outcomes for test and control groups (if applicable);
14) cpnclusions from the study;

15) alsummary of quality assurance and data auditing procedures.
8.7 Clinical evaluation

8.7.1 Pprpose

The purppse of clinical evaludation is to assess the safety and effectiveness of the filter system, thg
system aphd/or the convefsjon system. An investigation shall be carried out for each new filtg

plathology values and weight gain or loss;

ofrgans, including gross photographs, radiographs of explants ahd representative photomid

5, clinical

e tissues/
rographs;

retrieval
I Or new

clinical application of afilter using the principles given in ISO 14155 or an equivalent reference. Significant

design chhnges that eah impact safety and performance shall require clinical evaluation if determ
necessary based ofi'an appropriate risk assessment. This evaluation may follow the requirements
in this dofumentor the abbreviated requirements as appropriate to address the identified risks. 4
filter sizef outside the previously evaluated range can require clinical evaluation but does not alwa
assessmehtconsistent with all requirements (e.g. multicenter study, statistically powered sample

ned to be
described
\dditional
/s require

Kize).

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

The principles of 8.7 may be applied for the clinical evaluation of filters for uses other than in the inferior
vena cava. Additional specific aims, end points and reporting requirements can be needed to define an
appropriate study.
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8.7.2 Specific aims

Specific aims of the study shall be based on an appropriate risk assessment for the filter system, the retrieval
system and/or the conversion system stated in the protocol. The specific aims may include the following:

a) to evaluate the performance of the filter system, the retrieval system or the conversion system, such as:

1) the ability to access the target location with the filter system;

2) the handling and visualization of the filter system and visualization of the filter and caval

p

erforation/penetration;

3) the accuracy of deployment, including adequate fixation;

4)
5)
6)

—

—

—t

7)

A

8)
9)
10)

ot (=

=t

11) t
b) toev

1y

—

mplanted components following retrieval or conversjion(if applicable);

he ability to withdraw the delivery system;
he position, patency and structural integrity of the filter acutely and over time;
he appropriateness of filter sizing;

he ability to access the intended retrieval or conversion location withthe retrieval {
bnversion system (if applicable);

he ability to retrieve or convert the filter (if applicable);

he ability to withdraw the retrieval system or conversien system, with any removed

he device effects of failure (see Annex C for potential effects of failure);
hluate the safety of the filter system, the retrieval system or the conversion system, such

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

2) a

8.7.3 Protocol considerations

A multic
number o

A specifid

success i
be meas

to assess
meeting b

shall deli}eate the appropriate safety (e.g. freedom from major adverse events), effectiveness (e.g

verse events.

ter study shall be performed at a minimum of three investigational sites. A justificati
investigational sites.shall be provided.

question or set of-questions (i.e. hypotheses) shall be defined prospectively. These

absence of/serious device related events) or combined safety and effectiveness end
red. Definifions of success and failure for each end point and the duration of follow-u
each end\point shall be specified. A definition for the study success shall also be spec
oth, the'safety and effectiveness primary end points).

he handling and visualization of the retrieval system or conversjon system (if applicable)f

ystem or

reviously

bn for the

questions
technical
points to
p needed
ified (e.g.

A statisti

raljustification for the number of patients studied shall be provided based upon thg

primary

hypotheses. Preferably no investigational site should enroll more than 35 % of the total number of study

subjects.

The duration of the patient follow-up shall be determined in relation to the objectives of the clinical
investigation. Patient follow-up intervals shall include a minimum of an assessment at discharge and at the
specified study duration. A justification will be required for follow-up intervals. All patients enrolled in the
study, including those excluded from the primary end point analyses, shall be recorded and reported. The
final report may be completed when the required number of patients to test the hypotheses have reached
the specified study duration. The report shall include current follow-up data on all patients. Longer-term
patient follow-up (e.g. 2 years to 5 years after the filter has been implanted) can be appropriate for the post-
market clinical assessment of device designs with a limited history of clinical use.
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A method for evaluating the clinical outcomes shall be prospectively defined and justified (e.g. performance
goals or ajustifiable control group).

NOTE1 Patients receiving filters are not always candidates for anticoagulation and a control group that involves no
treatment can be difficult to justify.

The study design shall be designated by appropriate terms [e.g. number of study arms, type of control
(randomized, literature, performance goal), blinding, prospective versus retrospective]. The assessments
can differ between the control group and the treatment group. If so, the assessments for both the control
and treatment subjects shall be included in the protocol.

Patient inclusion and exclusion criteria shall be clearly identified. The criteria shall specify the target
population (i.e. those for whom the filter is intended) and the accessible population (i.e. those you agree
and are able to participate fully in the study). An appropriate epidemiological approach shall be.utilized for
recruiting subjects to minimize bias (e.g. encourage sequential enrolment).

Definitions, primary and secondary clinical end points, measurement methods and data-analysis shall be
specified in the clinical protocol. Secondary end points can include the following:

— indivjdual components that make up any composite primary end points;

— change in quality of life status or other relevant patient reported outcomes;

— measpre of therapeutic success;

— techrlical success (e.g. successful deployment of filter at intendedsiimplantation site);
— procddural success (e.g. technical success in absence of seriotis device-related adverse events af 30 days);
— retrigval or conversion success;

— device and clinical effects of failure;

— longefr-term outcomes (e.g. 12-month safety data if the primary safety end point is at 30 days)
NOTE 2 [Additional guidance can be found in clinical society and consensus publications[371-[41],

Considerdtion should be given to the use of independent core laboratories and event adjudication cojnmittees,
as appropriate. The sources of the datato be included in reporting (e.g. site, core lab, adjudication cqmmittee)
should be{specified in the protocol.

8.7.4 Dfata acquisition

Data simillar to those for patients in the treatment group shall be recorded for each patient in tle control
group, as pppropriate.

At a minignum, thefollowing data shall be recorded for each patient in the treatment group:

a) identjficatipn and demographic data:

1) patientidentification;

2) indication for treatment (e.g. evidence of PE or DVT in the IVC or lower extremity veins and either
an absolute or relative contraindication to anticoagulation, a failure of anticoagulation, or high risk
from complication to anticoagulation) and associated medical diagnosis (e.g. lower extremity DVT);

3) demographics:
i) age;
ii) sex;

iii) weight or body mass index;
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d)

4)
5)
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iv) height;
v) race, as appropriate (i.e. when this information can be legally obtained);
name of investigator;

name of institution;

pre-procedural data:

1)

2)

3)
4)

risk factors, such as deep vein thrombosis (DVT), trauma, malignancy, anticoagulation therapy, pelvic
and orthopaedic procedures, female contraceptive pill and female hormone replacement therapy,
hypercoaguable states including post-splenectomy, post-operative cessation of anticoagulant

t ) ) 1]
esity, smoking, anaesthesia risk, prolonged immobility, and any other cardiovasculary ri
ith some measure of severity and current treatment;

OTE Additional definitions and risk factors can be found in clinical society and
plublications[3Z]-[41],

spimmary of previous cardiovascular interventions, including non-surgical interven
cprdiovascular implants;

relevant medications (e.g. anticoagulants, thrombolytics);

iagnostic criteria:

—n

] clinical assessment;

—

) objective assessment of access vessel characteristics and other relevant factors (e.g. si
cava and presence and site of thrombus);

procgdural data:

1)
2)
3)

4)
5)

6)
7)
8)

9)

nfame of implanting physician;

date of procedure;

—n

dlentification data for the filter system(s), including product name, model number, filter tr
sjze and orientation;

rgency of intervention (i.€. urgent, emergent or elective);

information regarding the procedure (e.g. adjunctive vascular procedures performec
ajnaesthesia, totalfluoroscopy time);

relevant proc&dural medications (e.g. anticoagulants);

geometric.configuration and orientation (e.g. tilt) following deployment from the filter syj

ism (PE),
k factors,

consensus

ions and

ze of vena

hceability,

, type of

tem;

ava wall,

positien of filter (e.g. distance from anatomical landmarks, filter extending outside (

hlaemorrhage erinteracting with adjacent anatomical structure

assessment of procedural outcome (e.g. technical success, filter integrity, filter thrombosis);

10) record device and clinical effects of failure and adverse events [see 8.7.4 {)];

11) date of hospital discharge;

12) ability to visualize filter and delivery system on imaging;

follow-up data:

1)

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

g)

2)
3)
4)
5)

6)
7)

filter|retrieval or conversion data (if applicable):

iy
2)
3)
4)
5)
6)

7)

8)
9)

10) cpnfiguration and/or status of.converted filter device;
11) rgcord device and clinical-effects of failure, and adverse events [see 8.7.4 f)];

device and clinical effects‘of'failure, and adverse events:

ISO 25539-3:2024(en)

date of follow-up visit;

relevant interventions or surgeries since last follow-up;

clinical assessment including evaluation for PE and clinical perforation/penetration;
imaging assessment, as applicable:

i) presence or absence of planned imaging surveillance and modality;

ii) objective assessment of filter geometric configuration and orientation (e.g. tilt) filter integrity,
filter position (e.g. distance from anatomical landmarks, caval perforation/penetration);

reresvantmedications such as anticoaoulante orantinlatelels

record device and clinical effects of failure, and adverse events [see 8.7.4 f)];

date of procedure;
afcess site;

retrieval or conversion device(s) used, including product name, modebnumber, size and trgceability;
details of procedure, including any adjunctive vascular procedures performed;

relevant medications;

5]

ssessment of access, handling visualization, deliverability and withdrawal of retrieval fystem or
pnversion system;

(@]

cumentation of clinical decision not to retrieve or convert filter (e.g. thrombus forration), if
plicable;

=5

agsessment of the ability to retrieve or convert filter;

—

ntegrity inspection of retrieved filter(s);

1) type of effect or.€vent, date of occurrence, severity, management (e.g. none, medical tfeatment,

spcondary endovascular procedure, open surgical procedure), outcome (e.g. continuing,|resolved,
nknown, death);

2) cumentation of filter involvement;

3) cuamentation of probably causative factors (e.g. caused by the filter, patient factors,|technical
factors);

death:

1) date;

2) whether autopsy was performed, and if so, the findings;

3) cause of death:

i) whether or not the death was related to the filter or the procedure;
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ii) summary of explant analyses (if applicable);

h) patient withdrawal:

1y
2)
3)

8.7.5

date;
months of study completed;

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

Final report

The final feport shall include the following:

a) studyf protocol, including at a minimum:

iy
2)
3)
4)
5)
6)
7)
8)
9)

%]

primary and secondary end points, hypotheses and definitions of success;
spurce of the data (e.g. site, core lab);

definition of study success;

n

libject population (i.e. selection criteria);

fpllow-up intervals;
ethods of assessment (e.g. clinical, venography, duplex ultrasound);
ta analysis plan including methods to address missing data;

finitions of technical and procedural success,device and clinical effects of failure, and advej

b) ratiopale, based on the risk assessment and questions to be answered, for selection of the folld

D
2)
3)
4)
5)

(%]

fudy size;

choice of control;
npeasurement methods;
statistical analyses emiployed;

platient follow-upntervals;

c¢) number of patients'treated at each investigational site;

physician

fudy description (e.g. study design designation, control arm, number of sites, number of patients);

se events;

wing:

d) folloy-up aceountability (e.g. number of patients eligible for each follow-up interval and the number
with ppetified follow-up data), including rationale for the exclusion of data from the primary
analyjses;

e) demographics and risk factors;

end point

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

g) results:
1) technical success;
2) procedural success;
3) retrieval or conversion success;
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4) safety:
i) primary and secondary end point outcomes;

ii) summary of peri-procedural (less than or equal to 30 days, or prior to hospital discharge) or
filter-related surgical interventions needed post-filtering, if any, to optimize results;

iii) summary of peri-procedural and late deaths;

5) effectiveness:

i) primary and secondary end point outcomes;

6) cpnclusions from the study, including results of hypothesis testing and achievement of Juccess as
efined by the protocol.

9 Posttmarket experience

A systematic procedure to review post-market experience gained from implants shall be in place|using the
principleq given in ISO 14630:2012, 7.4, ISO 14155, ISO/TR 20416 and ISO 1497, or equivalent pullications.

10 Manufacturing

Filter systems, retrieval systems and conversion systems shall Be manufactured in such a way that the
design at{ributes are achieved. Requirements are specified incother related international standards.

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

11 Sterilization

11.1 Prqducts supplied sterile

Filter sydtems, retrieval systems and conversion systems that are labelled “sterile” shall commply with
internatignal, national or regional standards and have a sterility assurance level (SAL) of 10-6. St¢rilization
processeq shall be validated and routinely controlled.

NOTE Information on sterility assurance level can be found in ANSI/AAMI ST67.

a) For systems that are to-be sterilized by ethylene oxide, ISO 11135 shall apply.

b) For systems thatate to be sterilized by moist heat, [SO 17665-1 shall apply.

c¢) For systems.that are to be sterilized by radiation, the ISO 11137 series shall apply.

d) For systems that are to be sterilized by other sterilization processes, ISO 14937 shall apply.

11.2 Sterilization residuals

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

12.1 General

12.1.1 General

The requi

rements of ISO 14630:2012, Clause 10 shall apply.

12.1.2 Unit container

Each filter system, retrieval system and conversion system shall be packaged in a unit container providing a

axnalioolh] It challba oo il oo o

sterile ba

12.1.3 Oputer container

Each unit
the unitc

12.1.4 S

Each oute
in a shipp
storage.

12.1.5 M

For filter
designed
and to pe

The pack:
12.2 Lal

12.2.1 C

Filter sys
container]

NOTE

12.2.2 F

At least th

ant i€+l it nEainax 0B 4
l l\'l, ll Oll.lt.lll\,ﬂl.ll\, I oIIdII 1 \,auu_y Cll_ll.lﬂl CIIU I LITC ulllL \,Ullballl\'l 1lqo U\'\'ll Ut.l\,llbu

container shall be packaged in an outer container. This outer container shall be designed
bntainer from damage caused by storage.

hipping container

r container, or a number of outer containers not necessarily of the’same type, shall be
ing container designed to protect the contents under normal €onditions of handling, ti

aintenance of sterility in transit

systems, retrieval systems and conversion systefiis supplied sterile, the unit containe
to maintain the sterility of the system under normal conditions of handling, transit an
'mit the contents to be presented for use in andseptic manner.

iging shall conform to ISO 11607-1.
Jelling

pntainer label

fem, retrieval system andiconversion system shall be accompanied by a label(s) on an ap

(5)-
Information rega¥rdihg labelling is provided in ISO 15223-1.

Iter systens

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

a) filter

Lo protect

packaged
ansit and

r shall be
d storage,

propriate

e label(s):

system information, including at least:

1) dimensions: size of introducer (internal diameter), maximum size of guidewire and usable, working

(0]

r effective length of the catheter;

2) filter system orientation.

b) description of the package contents and/or list of the package contents;

¢) name and/or trademark, address and contact information of the manufacturer;

d) product name;

e) the material(s) of construction;
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q)

12.2.3 Retrieval systems

At least the following information shall be provided in words, phrases) symbols or drawings on thg

a)

b)
1
2)
3)

12.2.4

At least the following informatjon-shall be provided in words, phrases, symbols or drawings on th¢

a)
b)

ISO 25539-3:2024(en)

configuration (see 4.2), if applicable;

dimensions, i.e. the designated length and diameter(s) after expansion;

model/reference number;

lot/serial number;

sterilization method and the word “STERILE”;

single use;

expiry/expiration date;

warnings or reference to read the manual (symbol);

recommmended caval diameters;

warnjing against the use of the filter if the package is open or damaged;
manyfacturer’s recommendation for storage, if applicable;

the chemical nature of any storage medium in the unit container, with appropriate hazard wal

appli¢able information as described in 12.2.2;

retrigval system information, including at least:

appli¢able informationas.described in 12.2.2;

convgrsion systenrinformation, including at least:

1)

2)
3)

dimensions, i.e. the size of introducer (interndl*diameter), the required size of guidewir
usable, working or effective length of the catheter;

recommended accessory devices;

retrieval system orientation.

Cpnversion systems

imensions)i.e. the size of introducer (internal diameter), the required size of guidewir
sable, working or effective length of the catheter;

recommended accessory devices;

ning.

e label(s):

e and the

e label(s):

e and the

conversion system orientation.

12.2.5 Record label

Each filter system should be supplied with transferable record labels suitable for attachment to the records
of the patient receiving the filter. The record label should include the following information:

a) manufacturer’s identification;

b) product name;

¢) manufacturer’s batch and/or sterile lot number;
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d) partor model number (manufacturer’s catalogue number).

12.3 Information supplied by the manufacturer

12.3.1 General

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

12.3.2 Information and instructions for use

Each unit container or outer container of which the contents are identical shall be supplied with the IFU of
the deviceorinstructions on how to access an electronicversion ofthe IFUU_The instructionsshall i

clude the

prodyict name;

1) :Laterial of construction of the filter;

information to use the device safely and properly, taking into account the training andk
ential users:

address and/or trademark of the manufacturer;

e description and materials of construction;

scription of the location(s) of markers for visualization, if applicable;
itions for use and as applicable intended use;

pindications, cautions and warnings;

hmendations for filter sizing, including vena cava'diameters, as applicable;
tial adverse events;

rom clinical studies, if applicable;

hmended methods for the aseptic presentation and the preparation of the filter and delivet

hmended methods for vessel preparations, such as pre-dilatation, and methods for acces
filter, retrieval of the filter,‘conversion of the filter and withdrawal of the system;

"able information regarding the sterility of the device, in prominent form:
ON-STERILE;

TERILE;

TERILE £ DO NOT RESTERILIZE;

ment that the device is single use only in prominent form;

T T O T T OT IO C T o1 I T P PIrcoioTey

cation of additives or leachable components (if applicable);

recommendations for storage, if applicable;

nowledge

y system;

, delivery

date of or reference relating to the publication of the [FU, indicating when the I[FU was last revised;

recommendations for visualization;

MRI safety information;

following
of the pot
a) name
b)
c¢) devic
2)
d) indic
e) contr
f) recon
g) poter
h) data
i) recon
j) recon
of the
k) appli
1) N
2) S
3) S
1) state
m) reste
n) notifi
0)
p)
q)
r)
s)

recommended method, where appropriate for retrieval or conversion of the filter; for convertible filters,
include the time to conversion; for retrievable filters, include the statement(s) that vena cava filter
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should be retrieved as soon as clinically warranted (e.g. once prevention of symptomatic PE is no longer
required) and presentation of filter retrieval data (e.g. data for time to filter retrieval attempt, filter
retrieval outcome data, adverse events associated with retrieval), unless otherwise justified.
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Annex A
(informative)

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

evaluation strategy

A.1 De
analyse

A device
the evalu
to A9. Id
device-re
attributes
requirem

Potential
of failure
example,
“initial ef

Potential
ACE1, AC
documen
designate
clinical ef

S

) and the associated relationships between device attributes, potential failure modes a
Ents.

filter migration can lead to filter fracture. In this example, filter migration would be lis
fect(s)” and filter fracture would be listed under “subsequent effect(s).”

adverse clinical effects (ACE) of failure that aré{commonly grouped together have bee

redundarfcy.

To reduc

e redundancy, some potential. failure modes associated with individual device and

related functions are not repeated if ¢overed under previously identified functions.

vice evaluation strategy introduction and rationale for bench testing alLd

bvaluation strategy provides the rationale for the evaluation plan for a devige."The ratfionale for
htions required by this document that are applicable to most filters is described in Tables A.3
entification of the appropriate testing for a device evaluation strategy‘imvolves descriping each
ated and procedure-related function needed to achieve the desired/performance (ie. device

nd testing

device effects of failure are categorized into two categoriesidnitial effects and subsequgnt effects
Subsequent effects are defined as a secondary effect ofydevice failure after an initial ¢ffect. For

ted under

listed in

2 or ACE3 groups, as described in Table A.2:These abbreviated terms are used throughout this
to minimize redundancy. A non-specific clinical event or use of additional devices or prjocedures,
d as ACE3 in Table A.2, only appears in.Tables A.3 to A.9 when it is the only identified| potential
fect of failure. This effect is applicable for all potential failure modes, but not repeated td decrease

rocedure
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Table A.1 — Explanation of Tables A.3 through A.9 column headings

Device attributes/

Potential failure

Potential effect(s) of failure

Nonclinical

Procf:sﬁ::ltri(:) lrlt(e;;lted mode(s) Device effect(s) of failure Clinical effect(s) | device testing
Initial effect(s) Subsequent effect(s) of failure
Each individual The specific failures that | The potential effect(s) |The potential addition- |The potential Bench tests

device-related and pro-
cedure-related function
required for the device
to achieve the overall
desired performance.

can occur and can result
in consequences (effects)
to the device or patient
if the function is not at-
tained. Individual failure

of the failure mode on
the device. Device ef-
fects of failure describe
what happens to the
device as a result of

al device effect(s), if
any, resulting from one
of the effects listed in
the previous column.

effect(s) of the
failure mode on the
patient.

and analyses

of the device

to evaluate the
function and the
potential failure

Ubllb‘l ‘IJl'J
the device or
hd therefore

Functions s}
attributes o
procedure a

lllUL‘le DllUu:\:‘l ‘UU ﬂ\:‘l
dressed separately. They
should be presented in

L:lC fﬂllul < L‘Ill\.‘l cdall ‘UU
important to capture,
whether or not there is

Rl
TITOCE.

should be stpted in the separate rows for anat- | an associated clinical
positive. tribute, as they can have |effect of failure.

different effects of failure

and can be mitigated with

different testing.

Table A.2 — Clinical effects of failure for each ACE group
ACE1: Local effects ACE2: Regional or systemic effects ACE3: Non-specifif effects

— Cdval injury or damage — Arrhythmia A non-specific clinical gvent or

Cl
C4

— Cqval occlusion

nical perforation/penetration
val haemorrhage
gmage to adjacent anatomical struc-

Embolization of filter system compo-

cess site haematoma
cess vessel trauma

Cardiac damage

Cardiac tamponade

Cavalinjury or damage

Oedema

Embolization of filter system components

Embolization of'\dielogic material (e.g. throm-

Filter thrombosis
Lung damage

Intimal tear
Pulmonary embolism
Vascular trauma
Vessel occlusion

procedures

the use of additional de}ices or
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A.2 Device specific evaluation strategy table
A.2.1 General and focused device evaluation strategy

A.2.1.1 General

For a specific device design either a focused device strategy or a comprehensive device evaluation
strategy table may be used to provide the rationale for the testing strategy for the device. The focused
device evaluation strategy table can be more efficient for device designs when there are discrete design
characteristics that can affect device performance that can require specific testing, or for modifications in
the device design or intended use resulting in the need to conduct testing associated with the modifications,
rather than repeating all of the testing listed in this document. The comprehensive device evaluation
strategy ffable is recommended for device designs that are significantly different from available tefhnology.

The inforation provided in Tables A.3 to A.9 can be used to populate the device-specific evaludtion strategy
table. Thg nonclinical testing column may include information on preclinical in vivo evald@ation of the device
as related to the evaluation of a particular attribute or potential failure mode, as wéllyas bench|tests and
analyses s shown in Tables A.3 to A.9.

For a new device, it can be most efficient to provide a device evaluation strategy table that is f¢cused on
the uniqye aspects of a device design. This would involve first describing the potential effect] of the in
vivo environment on the device (see Table A.11) and presenting a device-évaluation strategy fable that
only inclydes information specific to the unique aspects of the device and the proposed intendefl use (see
Table A.14).

For a dev]ce design modification or change in intended use, a similar approach can be taken, descfibing the
change in|the device and/or intended use (see Table A.12 andfepr Table A.13, as applicable) and pr¢senting a
device evaluation strategy table (see Table A.14) that only includes information specific to the modjffications.

For re-registration of an existing device, provide a device evaluation strategy table (see Table A.14) that
compareg available information to the requirements-¢f’this document.

The four ¢ategories of focused device evaluation:strategy and the associated evaluation guidance fables are
described in Table A.10.

Table A.10 — Focused device evaluation strategy table applicability

Table A.11: Effects of T_iable A.12: Design cqmpar- Table A.13: IFU comparison | Table A.[14: Focused
pmgnral O ison between a previously | — - - P .
the in vivo environment . of a previously evaluated device pvaluation
: . evaluated device and the . .
on the device évaluation s . device and the study device strategy
modified device
New device v v
Device design modification v v
Change in infended use v v
Re-registratfion v

A.2.1.2 [dentification of potentially affected attributes for focused device evaluation strategy

A.2.1.2.1 General

Information to support the focused device evaluation strategy table should include identification of unique
or changed parameters and the associated procedure-related functions or performance-related functions
required for the device to achieve the desired performance that can be affected by the parameters. For
a new device, this would involve addressing the in vivo environment per A.2.1.2.2. For a device design
modification or change in intended use, this would involve addressing the differences between the modified
and previously evaluated device per A.2.1.2.3.

The respective tables should be complemented by a rationale to explain why other attributes would not likely
be affected by the unique device characteristics or changes in the device and/or the indications for use.
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To aid in explaining why the testing strategy for a device is adequate, it can be helpful to identify the unique
aspects of the proposed intended use that can have an impact on the device evaluation strategy, the specific
parameters that are associated with each aspect, the attributes of the device and the procedure that can be
affected by the parameter, and the test methods that can be impacted by the in vivo conditions. This helps to
explain why some testing is needed and how tests are designed to simulate in vivo conditions. An example is
provided in Table A.11.

Table A.11 — Effects of the in vivo environment on the device evaluation

thei

Unique aspects of

In vivo parameters

Potentially affected attributes

Affected test methods

Listeach uni
with theinte

lue aspectassociated
hded use (e.g.implant
location, digease state) that can

Identify each in vivo parameter that can be
affected by the unique aspect.

Examples of in vivo parameters include blood

List each procedure-related function or
performance-related function required
for the device to achieve the desired

List the-test
with the eval
attributes th

associated
liation of the
at would be

be importanf in assessing device | yessel size, angulation, movement, tortuosity, | Performance that can be affected by the | affected by the in vivo pa-
performancg. compliance and flow characteristics. in vivo parameters. rameters.
A.2.1.2.3| Device design or intended use comparison

For a devjice design modification or change in the intended use, any design- differences and diffe
the intended in vivo environment should be described with identification, of.the attributes of the
e that can be affected by the differences and the tests that wouldybe associated with the ¢
ibute. Examples are provided in Tables A.12 and A.13.

procedur
of the atti

Table A

.12 — Design comparison between a previously evaluated device and the modified

rences in
evice and
valuation

device

Device|design
rationale

Design differences

Comparison of design feature,characteristics

Previously evaluated
device name

Modified device name

Potentially
affected device- or
procedure-related

functions

Affe]

cted tests

State the exylected bene-
fits of the moflified device
design as cgmpared to
the previous]y evaluated

device.
Examples d
benefits of d
ences includ
deployment

f expected
bsign differ-
e improved
ccuracy.

List each design fea-
ture that is different
between the previously
evaluated device and
the modified device to
achieve the benefit.
Examples of design fea-
ture differences include
filter material and filtef
geometry.

Provide a detailed descrip-
tion of relevant design fea-
ture characteristics of the
previously eyaltrated device,
includingquantitative val-
ues as‘appropriate.

Examples of design feature
characteristics thatcanbe
associated with a filter ma-
terial and geometry include
filter material processing
and thickness.

Provide a detailed de-
scription of the design
feature characteristics
of the modified device,
including appropriate
quantitative values.

Listeach device-related
and procedure-related
function that can be
affected by the design
differences.

List t
sociat]
evalual
tributg
be affi
design

he tests as-
ed with the
fion of the at-
s that would
cted by the
differences.

Table Al13 — Indicationfor use comparison of a previously evaluated device and the study device
Comparison of in vivo parameters Potentially
Differenfes in the in'vivo environment affectgd dev1cle- 0; Affefcted tests
Prior intended use New intended use procedure-relate
functions
List each in yigo-parameter associated with the | Describe theinvivo param-|Describe the in vivo|ldentify eachindividual | List the tests as-
different intended use (e.g—implant location leterfor the proviously eval-lparameter for the new ! devicerelatedandpro-lsociated with the

performance.

anatomical dimensional requirements, disease
state) that can be important in assessing device

Examples of in vivo parameters include blood
vessel sizes, angulation, movement, tortuosity,
compliance and flow characteristics.

uated intended use.

intended use.

cedure-related function
that can be affected by
the difference of the in
vivo parameter.

evaluation of the at-
tributes that would
be affected by the
difference of the in
vivo parameters.

A.2.1.3 Focused device evaluation strategy table

A focused device evaluation table should address the device-related and procedure-related attributes

identified in the tables described in A.

aspects of the device design.
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The columns for a device-specific device evaluation strategy table may include those outlined in Table A.1;
however, additional columns may be added. For example, a column identifying the unique or modified device
characteristics is needed to focus the table on relevant attributes. In addition, a column on device design
information may be included that identifies the key design characteristics intended to provide the function
or to address or mitigate the potential failure mode. This column may also include relevant information
about the design of the device (i.e. design input) that will aid in understanding the testing selected to address
the attribute or potential failure mode. An example of the columns for a focused device evaluation strategy
table is provided in Table A.14.
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A.2.2 Comprehensive device evaluation strategy

[t can be helpful to support a comprehensive device evaluation strategy by providing information on the in
vivo conditions applicable to the intended use for a device, as described in A.2.1.2.1.

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

A.3 Testing summary

It is helpful to clarify the applicability of each test described in this document to a specific device or
modificatfion and to state if and how the test protocol was tailored for the device design, implantlpcation or
intended fise, and to identify any additional tests that have been conducted. This is best preserited in tabular
format with the following information: the test (i.e. standard testing and additional tests]; the purpose of
the test; an explanation of the applicability of each standard test to the device; and a brief description of how
a test haq been designed to incorporated unique aspects of the device design or the.intended usp/implant
location. An example is provided in Table A.15.

Table A.15 — Test summary

Tlest Purpose of test Applicability Impact of device or implant lodation
List the [tests from/|State the purpose of| Discuss if each of the|Discuss if the test protocol for eachf standard
this docyiment (see|each test. standard tests are|testhasbeen modified or how each ndw testhas
Annex D) and any applicable to the device |be€n designed to incorporate the devfice design
additional tests. or modification. or implant location/intended use.
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Annex B
(informative)

Description of clinical effects of failure

Event

Description

Adverse biological

Unspecified clinical adverse event caused by use of a non-biocompatible material.
NOTE This clinical effect is not commonly reported. It is often impossible to link an adverse event to a

response

particular material. These events are mitigated through appropriate biocompatibility testing.

Arrfjythmia

Development of a new atrial or ventricular arrhythmia or an exacerbation of a prior arrhythm|a requiring
treatment (i.e. medical therapy, cardioversion, pacemaker) within 30 days of the procedure,

Blopd loss

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

Cardidc damage

Injury to any section of the heart related to filter embolization or filter system component embolizatidn.

Cardiacftamponade

Mechanical compression of the heart by large amounts of fluid or blood within the‘pericardial space tiat limits the
normal range of motion and function of the heart.

Caval injury or damage

Vessel injury or damage to the vena cava observed on imaging study or-by direct visualization that requires
intervention or surgical repair to address condition.

Caval pcclusion

Presence of an occluding thrombus in the IVC, occurring after filter insertion and documented by ultfasound, CT,
MRI, venography or autopsy.

Clinical perforation/ pene-
tration (clirjical or autopsy
firfding)

Protrusion of filter components (e.g. struts, anchors) through the Vena cava wall causing haemorrhage orfhaematoma,
or interacting with another organ (e.g. liver, bowel, aorta, pseas muscle, vertebral body, lymph nodes), gnd resulting
in adverse clinical symptoms (e.g. abdominal or back pain)‘er autopsy findings.

Caval stenosis

A narrowing of more than 50 % of the lumen diameter ‘of the vena cava at the filter implant site, with or without
haemodynamic significance confirmed by imaging.

Deep veifp thrombosis

A thrombus which forms in a deep vein of the body; usually occurring in the deep veins of the lower limb(s), iliac or
other pelvic veins or the vena cava.

Oddema

An abnormal excess accumulation of serous’fluid in connective tissue, typically seen in the periphery, due to venous
occlusion.

Failure to cpmplete device
implhntation

Inability to implant a filter due to andnability to access the intended site or to deploy the filter.

Failure to gomplete filter
conyersion

Inability to convert a convértible filter due to an inability to access the intended site, engage or converf the filter.

Failure to gomplete filter
implhntation

Inability to retrieveand optional filter due to an inability to access the intended site, engage or retrievle the filter.

Filterfinfection

Development ¢gf'aconfirmed filter infection occurring at any time following filter placement. The agtiology (e.g.
device sterijlity,-endocarditis) should be reported if known.

Filter thrombosis

Haemodghamically significant clot formation within the lumen of the filter occurring at any time foljowing filter
placement” The degree of narrowing, the timing of the thrombosis in relation to the procedure and|the imaging
modality should be specified.

Foreign body embolization

Intraluminal migration of a filter, fragments of the filter, or pieces of the filter system (e.g. pieces of delijfery system).

Haematoma

Development of a haematoma related to the endovascular procedure requiring medical intervention.

Inability td monitorfilter
ovdr time

Inability to monitor device integrity and position over time due to an inability to visualize the filter.

Insertion sit€infection

Development of an infection at the insertion site.

Intimal tear

DIstuption or tear of the inner [Ining of the caval wall that results in a clinically significant compromise of the lumen
or thrombosis confirmed on imaging studies.

Ischaemia

Oxygen supply decrease due to inadequate blood supply.

Lung damage

Injury to a section of the lung related to filter embolization or filter system component embolization.

Obstruction of blood flow

Restriction of blood flow through the vena cava.

Pulmonary embolism

A blood clot or emboli in the pulmonary vasculature, confirmed by high probability ventilation perfusion (VQ)
scan, CT scan, pulmonary angiography or autopsy. PE will be classified as symptomatic or asymptomatic and can be
categorized by type (e.g. low-risk, submassive, massive).
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Event Description

Vascular trauma Injury to a vessel as a result of the filter procedure.

Injury to a vessel at the access site during the filter procedure which can result in hematoma, false aneurysm or

Access vessel trauma d )
arteriovenous fistula.

Occlusion of flow within the target or other vessel which was previously documented to be patent. Can be due to

Vessel occlusion twisting or kinking of the filter, failure of the filter to fully open, filter fragment, dissection or any other cause.
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Annex C
(informative)

Description of device effects of failure

Event

Description

Access failure

Failure to reach the intended site with the filter system due to mechanical failure or patient anatomy.

Accessory device failure |Inability to use the accessory device asintended due to mechanical failure
Complete or partial separation of discrete structural or material elements of the filter, delivery,syst¢m, retrieval
Bond j¢int failure system as applicable or conversion systems as applicable at bond joints.
NOTE This is a failure of the bond joint and not the base material.
Cathgter burst Loss of catheter integrity due to internal pressurization.

Caval perfofation/penetra- |Imaging (e.g. venography, CT) showing filter components (e.g. struts, anchors) extending more than 5y mm outside
tion (imaging finding) the wall of the vena cava.
Change in fflter formation |A change with respect to the manufacturer’s specified final expanded geometfi¢ configuration of the flilter.
Converfion failure Inability to fully convert the filter as intended (e.g. due to filter position, mechanical failure, patient arfatomy).
. . Inability to advance the conversion system to the intended location, actuate the conversion system ag intended or
Conversion|system failure

withdraw the conversion system (e.g. due to mechanical failure, patient anatomy, user error).

Inability to load and/or deliver the filter to the intended locatiémw (e.g. due to mechanical failure, patipnt anatomy

Delivdry failure or user error).
Delivery system damage |Damage incurred to the delivery system (e.g. kink, bond failures, complete tip separation).
Deploythent failure Inability to deploy the filter per the instructions for use.
Engagemeht mechanism

d4g

mage

Damage to a component of the filter that is desigmed-for retrieval/conversion.

Excessi

e filtration

Clinically significant occlusion of the vena‘cava associated with the filter (e.g. due to filter desigh, or patient

factors such as anatomy or excessively large clots).

Excessiv]

e oversizing

The filter is too large for the vena caya (€.g. possibly causing caval or clinical perforation/penetration).

Excessive radial force exerted byfilter element(s) on the vena cava wall (e.g. possibly causing caval orfclinical per-

Excessiv¢ radial force foration/penetration).
Filtef damage Damage to the vena cava filterrby any cause, such as by an accessory device or the delivery system.
. - Post-placement movement of the filter or a piece thereof to a distant anatomic site completely out of th¢ target zone
Filter embolization . . s . h -
(e.g. heart or lungs)‘that can result in medical or surgical intervention as documented by imaging or ajitopsy.
Filted fracture Breakage or separation of any portion of the filter that can resultin a medical or surgical intervention asdocumented
by imaging or autopsy.
. . . A change-infilter position compared to its deployed position (either cephalad or caudal) of more than|2 cm as doc-
Filter pnigration o .
umented by plain film imaging, CT or venography.
H¢ating Radio~frequency-induced temperature rise of a filter during MRI.
Inability tq convert filter_ \dmable to structurally alter an implanted vena cava filter to an implanted non-filtering device.
Inability tp engage filtér }| Unable to connect optional filter with retrieval system or convertible filter with conversion system.
Inability ¢ _load WURTHE Unable to place filter into delivery system.
applicable)
Inaccuratp deployment |Improper positioning, configuration or orientation of the filter during deployment.

Inadequate contrast flow

Inability to inject sufficient volumes of contrast media through the delivery system, retrieval system as
applicable, conversion system as applicable at the necessary rate to properly visualize the implantation site and/
or patient anatomy.

Inadequate filter formation

Afilter which does not deploy in the intended specified configuration (e.g. due to mechanical failure, patient anatomy
or user error).

Inadequate filtration

Inability of filter to capture clinically significant clots as intended.

Inadequate visibility

Inability to image the filter or a necessary portion of the filter according to the requirements of the IFU.

Bond

fracture

Fracture or breakage of bonds (e.g. welds, glue joints) between components.

Particulate generation

Release of particles associated with the filter system.

Retrieval failure

Inability to fully retrieve the filter as intended (e.g. due to filter position, mechanical failure, patient anatomy, tissue
ingrowth).
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Annex D
(informative)

Test methods

D.1 General

The infor
performe
Guidance
annex are
meets spe

Guidance
appropria
testing of
is recomi]
that somg
individua

As identi
guidance

Modificat
filter forr
relevant
water bat

To ensurdg
should be
should be

D.2 Sampling

A samplin
for each ¢
retrieval
including

The sam
size. It ca

for failurg.

llldLiUll iududcd ill Lhib dlllICX ib illLUlldUd LU PI Uvidt! guidduu: rUl PlI ULlilliLdl ill Vil,
1 in order to verify the design of the filter system, the retrieval system and the conversie
for reporting the test results is also provided. It is recognized that not all of the tests.descril
applicable to all filter designs. It is also recognized that testing intended to ensure‘that 1
cifications during manufacture may be conducted according to the details outlined in this

for developing appropriate test methods is included in this annex allowing flexibility in
te methodologies for specific device designs and indications for use. To|ensure consiste
devices, use of the methods developed based on the steps and condepts outlined in t
hended. If alternative methods are employed, these methods should be justified. It is r
tests listed in this annex can be combined. For combined tests, the report should pi
| test results for each of the tests listed in this anney, if appropriate.

ied in Table D.1, some requirements in this document{do not have an associated tesg
in this annex, as the methodologies are better addressed by other standards (e.g. MRI sa

jons to existing test methods or inclusion of additiénal test methods can be required f¢
hations (e.g. crossed legs). When identifying testing conditions, attention should be p
bhysiological conditions. A simulated physiological environment (e.g. a temperature-
h) should be used when appropriate.

valid results, measurement equipment used during testing should have appropriate acc
calibrated or verified against traceable measurement standards, as appropriate. The
adequate to determine the measured value relative to the acceptance criteria.

g plan shall be utilizedwhich ensures that adequate representation of the design has beer]
haracteristic meastired. It should be verified that the design attributes of the filter sy
system or the<€onversion system are representative of the devices to be released for di
all sizes, configurations and components.

ling shall\fully represent the range of device sizes and does not necessarily require testi
be reeessary to conduct an analysis to identify the size(s) of the device with the greatest

o testing
n system.
ped in this
he device
annex.

designing
hcy in the
his annex
ecognized
ovide the

t method
Fety).

r various
hid to the
ontrolled

iracy and
accuracy

obtained
stem, the
Etribution

g of each
potential

Multiple approaches to sample selection should be considered, depending on whether there are differences
in relevant attributes of different device sizes (e.g. strut thickness, length, diameter) and the parameter
under test (e.g. radial force).

The samples selected for each test shall represent the adequately challenging case(s). Consideration shall be
given to filter size and orientation, delivery system sizes (diameter and length) and implant conditions (e.g.
intended vena cava size and shape). It can be necessary to conduct an analysis to identify the samples with
the greatest potential for failure under specified implant conditions.

A rationale should be provided for sample selection. For all tests, the number of samples should be justified.
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Additional recommendations regarding sampling may be included in individual test methods, as appropriate.

NOTE

Additional guidance regarding sampling can be found in ASTM F3172.

D.3 Conditioning of test samples

All samples should be subjected to sterilization, including multiple sterilizations, if appropriate, unless
justification is provided for use of non-sterilized products.

Samples should be subjected to conditions that are normally encountered that can affect the performance of
the device and test results. Examples of conditioning are preparation of the filter system, loading of the filter
inside the delivery system, tracking of the filter system through relevant simulated tortuous vasculature
and deplgyment of the filter.

D.4 Reporting

For the pyrposes of this annex, reporting relates to requests from a national regulatory-authority.

The design evaluation report should include an appropriate table of contents and four main
backgrouhd, an executive summary, individual test summaries and appendices that include t
evaluatiop strategy and the detailed reports. Pages should be numbered sequentially throu
document (including appendices).

a) The Hackground section should describe the device design concépt:

b) The executive summary should include:

jo¥)

description of the bench testing and analyses thatthave been performed;

o8]

summary of the device evaluation strategy, including justification for the omission of tests
1 this document;

—

table to summarize the testing compléted, with the following columns: name of test, tes
bst sample description, number of samples, acceptance criteria, summary of results and co
Ind cross references to the test sumrmary and full test report;

L QD

alsummary conclusion statement.

¢) Indivjdual test summaries should include:

a|brief summary of the-purpose, methods and results;

ot

ne significanceofthe test results:

- ajustification for the criteria for tests with acceptance criteria, or

- an.explanation of the relevance of the results for characterization tests.

d) Indivjdual test reports should include the following information:

sections:
he device
bhout the

identified

[ purpose,
nclusions,

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

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

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

justification for the selection of test articles (e.g. sizes, conditioning);
acceptance criteria, if applicable:

— the International Standard used (i.e. ISO 25539-3:2024);
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— the method used (if the standard includes several);

— theresult(s), including a reference to the clause which explains how the results were calculated;
— any deviations from the procedure;

— any unusual features observed;

— the date of the test;

— the criteria for the test results, including either justification or clinical relevance, or both.

Clinical applicability of the acceptance criteria shall take into consideration the anatomical and
physi : " . .

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

rotocol deviations: describe any deviations and their potential significance oniithe interpretation of
he results;

|
o)

I
o

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

— discussion, if applicable: include a discussion on the potential clinicalsignificance of the re¢sults;

|
(@)

bnclusions: state conclusions based on the comparison of results to acceptance criteria qr provide
In explanation of the relevance of the results for characterization tests.

o5}

D.5 Test method development guidance

D.5.1 Gegneral

Clause D.p lists guidelines for tests where appropriate. An index of test methods is given in [[able D.1.
Additiongl guidance for developing test methods:can be found in the standards listed in Table D.1, which are
included for reference purposes and are not required for conformance to this document.
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Table D.1 — Index of device evaluation test methods

tﬁ?:);:)illllsni:l{t Test Subclause of Annex D Reference

8.5.2 Filter system D.5.2

8.5.2.2 Dimensional verification and component dimensional compatibility D.5.2.1

8.5.2.3 Force to deploy D.5.2.2

8.5.2.4 Simulated use D.5.2.3

8.5.2.5 Tensile bond strength D.5.2.4 ISO 10555-1
8.5.2.6 Torsional bond strength D.5.2.5

8.5.3 Vena cava filter D.5.3

8.5.3. Clottrapping D531

8.5.3.3 Corrosion D.5.3.2 See test rﬁ%din D.5.3.2.
8.5.3.4 Fatigue and durability - Computational analyses D.5.3.3 (-@'KV V40
8.5.3.5) Fatigue and durability - In vitro testing D.5.3.4 0; .KSTM FB211
8.5.3.5.B Compression fatigue and durability D.5.3.4.2 0_)’ N

8.5.3.9 Dimensional verification of the filter D.5.3.5 {b H

8.5.3.7 Filter tensile strength D.5.3.6 q;‘)

8.5.3.8 Migration resistance D.5

8.5.3.9 Magnetic resonance imaging Sq'eg[gopriate international stanflards.
8.5.3.10 Radial force P ( 32.5.3.8

8.5.4 Optional filter (\Y D.5.4

8.5.4.2 Filter tensile strength R ¢ v D.5.4.1

8.5.4.3] Force to retrieve (A\}\ D.5.4.2

8.5.4.4 Simulated use 0‘.\‘, D.5.4.3

8.5.5 Convertible filter @v D.5.5

8.5.5.2 Filter tensile strength n® D.5.5.1

8.5.5.3 Force to convert A\U D.5.5.2

8.5.5.4 Simulated use \O D.5.5.3

8.5.6 Retrieval system . (.\‘jr D.5.6

8.5.6.2 Dimensional verification and Compo(fe}x.ilimensional compatibility D.5.6.1

g

8.5.6.3 Force to retrieve a . D.5.6.2

8.5.6.4 Simulated use f'\$\ D.5.6.3

8.5.6.5 Torsional bond strength(’\'} D.5.6.4

8.5.6.9 Tensile bond strengtm N D.5.6.5 ISO 10555-1

8.5.7 Conversion sys}eséo D.5.7

8.5.7.2 Dimensionakvg‘xfi-acation and component dimensional compatibility D.5.7.1

8.5.7.3 Force to convert D.5.7.2

8.5.7.4 Sim‘qm:g@ul:: D.5.7.3

8.5.7.5 ‘T\@\Hal bond strength D.5.7.4

8.5.7.6] _A|Tensile bond strength D.5.7.5 1S0 105655-1

8.5.8 ‘O Filter system, retrieval system and conversion system D.5.8

8.5.8.2 Visibility D.5.8.1 ASTM F640
8.5.8.3 Biocompatibility See I1SO 10993-1 all;lg %l;%r?)asplﬁgsriate parts of the
8.5.8.4 Sterilization assurance See appropriate international standards.

No test method is proposed. Haemostasis may be
8.5.8.5 Haemostasis evaluated as part of the in vivo animal study or as an
alternate.

8.5.8.6.2 Acute particulate generation D.5.8.2 [[;%TZI\QSF??;Z%'I?(A)/D{[I‘ISTS{{L;

8.5.9 Coating on delivery system or filter not applicable ISO 25539-4
8.5.10 Absorbable filter or coating not applicable ISO/TS 17137
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D.5.2 Filter system

D.5.2.1 Dimensional verification and component dimension compatibility

D.5.2.1.1

Purpose

The purpose of this test is to determine the filter system dimensions, including the usable or working length,
profile, and all other appropriate dimensions, for conformance with design specifications, and to determine
the dimensions for compatibility with the dimensions of recommended accessories.

D.5.2.1.2

Materials

The folloy
— filter
— acces

— equip

ying materials apply:
system (except for filter);
sory devices as specified in the IFU;

ment for establishing the profile of the filter system:

— a
— meas
D.5.2.1.3
Sampling

D.5.2.1.4

Conditionfing shall be in accordance with Clause*D:3.

D.5.2.1.5
Develop a
a) Inser
dime
b) Estal
meth

1) IIeasure theé maximum outer diameter of the filter system using the appropriate 1
i

2) v

— rLeasuring equipment for diameters (e.g. micrometer, optical profile projector, laser micrg

propriate profile hole gauges;

uring equipment for length.

Sampling

shall be in accordance with Clause D.2.

Conditioning

Test method
test method based on the fellowing steps:

[ an appropriately sizéd) pin gauge or mandrel into the system components to ver
nsions.

lish the profile 6fthe filter system along the usable or working length using one of the
bds:

strument; or

erify*that the outer diameter fits through the appropriately sized profile hole gauge; con

meter)

fy lumen

following

heasuring

bideration

S

11 1. 3 faoilo 4 ol L 4
IUUIu T Slvcll LU LIIC PULCIILIC[I IUI Clay IIIIIICLL y.

c¢) Measure the usable or working length of the filter system using an appropriate measuring instrument.

d) Measure all other appropriate dimensions.

e) Verify dimensional compatibility between system components and recommended accessory devices.

D.5.2.1.6

Expression of results

Length shall be expressed in centimetres (cm). Other dimensions shall be expressed in millimetres (mm).
Results regarding the compatibility of the recommended accessory devices and the verification of the lumen
and outer diameters, if applicable, should be documented.
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Test report

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

results of

the observations of the accessory compatibility.

D.5.2.2 Force to deploy

D.5.2.2.1

Purpose

The purpose of this test is to determine the force to deploy the filter by the operator under simulated
anatomical conditions. All applicable steps of the deployment process (e.g. unsheathing filter, releasing

filter) shquld be evaluated.

D.5.2.2.2
The folloy
— filter
— acces

— anatd

Materials
ving materials apply:
system,;
sory devices necessary to accomplish deployment according to thelEU;

mical model that includes a delivery pathway and a deploymentdocation; the angulation, {

and

iameter of the intended filter deployment location and delivety pathway (including access

should be representative of a challenging anatomical configuration.

An assessment of the parameters that affect the force to,deploy a particular system design
considered in designing an appropriate anatomical model., hiterature and patient data are ap
sources tp identify challenging anatomy. Selection of the:xmodel material and model geometry sh
into consideration the compliance of the vasculature being represented by the model. The expected
of the in Yivo vessel to the insertion of accessory devices (e.g. guidewire, introducer sheath) and
system, ahd the friction associated with the model"material, should also be considered when sel

model m

— them
— theg
— the tg

— the td

D.5.2.2.3

Sampling
devices th

D.5.2.2.4

erial and test fluid for:
easuring mechanism (e.g. force gauge, mechanical testing system);
[ipping fixture;

st fluid (e.g. simulated bloed, saline, water);

mperature-controlledenvironment (37 + 2) °C.

Sampling

shall be in\dccordance with Clause D.2. Filter systems to be tested should be representa
at have-the potential for the highest deployment force.

ortuosity
pathway)

shall be
propriate
ould take
response
the filter
pcting the

[ive of the

Conditioning

Conditioning shall be in accordance with Clause D.3.

D.5.2.2.5

Test method

Develop a test method based on the following steps.

a) Prepare the filter system per the IFU.

b) Insert the filter system into the anatomical model.

c) Attach the deployment mechanism to the load measuring equipment.
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Allow the device to stabilize at physiological temperatures.

Initiate and complete the deployment per the IFU at a rate that simulates clinical use while measuring
the force to deploy the filter. If multiple mechanisms are required for deploying a filter (e.g. unsheathe,
disengage), the force to deploy should be measured for each of these relevant deployment steps.

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

D.5.2.2.6 Expression of results

For each deployment mechanism, the maximum force required to deploy the filter is recorded in newtons
(N) or newton-meters (N-m), as appropriate. Record any anomalous observations (e.g. buckling) for each

test sam

D.5.2.2.7

The test

and stan
include a
construct

D.5.2.3

D.5.2.3.1

le.

Test report

‘eport shall be in accordance with Clause D.4 and shall include the maximum;’minim
lard deviation of the deployment forces, and any anomalous observations. The rej

ion of material of the model).
Simulated use

Purpose

The purp
sheath,

including|deployment accuracy and contrast injection as_applicable, using an anatomical model
(are) repriesentative of the anatomical variation in the intended patient population. This test is alsc
to evaluate the compatibility of the filter system with accessory devices. Additionally, this test is in
evaluate the ability of the filter to take the proper configuration following deployment from the filt

D.5.2.3.2
The folloy

Literatur

filter

acces
sheat

anatg
and d
modsd
three
neces

pse of this test is to evaluate ability of the filter system to be advanced through the i
ployed and withdrawn (e.g. pushability, flexibility, trackability, torquability, as aj

Materials
ying materials apply:
system;

sory devices necessary to accomplish deployment according to the IFU (e.g. guidewire, i
h);

mical model thatincludes a delivery pathway and a deployment location. The angulation, {
iameter of the-intended implant location and delivery pathway (including access pathw
| should be(based on the expected anatomy in the intended patient population and cz
-dimensional tortuosity. Multiple models with varied anatomy or materials of construct
sary to-sufficiently challenge the relevant characteristics of the device.

lm, mean
port shall

description of and justification for the anatomical model (e.g. angulation;tortuosity, diameter and

htroducer
pplicable),

[s) that is

intended
tended to
T System.

htroducer

ortuosity
ay) of the
n include
on can be

its set in

b and pnfipnf data are qpprnpri:\fp sources to idpnfify the pypprfp(‘] anatomv. The lind

the IFU regarding anatomy are also important to consider when selecting the anatomical model(s). The
selection of the model material and model geometry(ies) should take into consideration the compliance of
the vasculature being represented by the model. The expected response of the in vivo vessel to the insertion
of accessory devices (e.g. guidewire, introducer sheath) and the filter system and the friction associated
with the model material should also be considered in selecting the model material and test fluids:

— test fluid (e.g. simulated blood, saline, water);

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

— measuring equipment for distance.
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D.5.2.3.3 Sampling

Sampling shall be in accordance with Clause D.2.

D.5.2.3.4 Conditioning

Conditioning shall be in accordance with Clause D.3.

D.5.2.3.5 Test method

Develop a test method based on the following steps.

a)

b)

d)

emperature

lpcation of the anatomical model(s) without compromising the function of'the delivery sy
testing shall include, during the advancement of the system, the abilityto torque the systein without

gatively affecting the ability to deploy. Note any anomalies and theif impact on the per
the filter system.

I sheath),

ployment
tem. This

formance

2) Fpr filters requiring rotational orientation for appropriate peSition, evaluate the ability of the filter
sfystem to provide sufficient rotation to the distal (leading) end in order to position the fi|ter in the
target orientation.

3) Hvaluate the ease and the ability to deploy the filter

4) Determine the accuracy of deployment by identifying the target deployment location and rheasuring
the post deployment location relative to thétdrget location using a pre-defined coordinafte system
tp indicate directionality.

5) Hvaluate the ability to withdraw the delivery system and accessory devices from the apatomical
model(s) and note any anomalies, such as delivery system failure, filter dislodgement or filtgr damage.

6) Hvaluate the compatibility of the filter system with the accessory devices (e.g. guidewire, introducer
sheath) and when appropriate, the compatibility of the accessory devices with the filter.

Visually inspect the deployed filter in the anatomical model. Evaluate and record the conformability of

the fiJter to the model vessel wall, positioning (including orientation, if applicable), absence of ;
(e.g. grossed filter components, component separation, filter damage) and the type and locat
filter|damage or any/other anomalies. Visually inspect the delivery system and record the
location of any damage or any other anomalies.

Visud

inomalies
on of any
type and

Ily inspeet the accessory devices and record the type and location of any clinically relevant damage

or otl|1er dnomalies.

D.5.2.3.6 Expression of results

The results of the evaluation in the simulated use test shall be expressed descriptively. Distances shall be
expressed in millimetres (mm).

D.5.2.3.7 Testreport

The test reportshall be in accordance with Clause D.4 and shall include all results and abnormal observations.
The report shall include a description of the anatomical model(s) used and justification of how the model(s)
is representative of the anatomical variation in the intended patient population (i.e. angulation, tortuosity
and diameter). The test fluid and the model material of construction shall be reported and justified. The
results for advancement, withdrawal (e.g. pushability, flexibility, trackability, torquability, as applicable)
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and compatibility between the accessory devices and the filter system shall each be reported. Additionally,
observed anomalies identified during deployment, the conformability of the deployed filter to the vessel
wall, filter positioning (including orientation, if applicable) and observed filter anomalies shall be reported.
Deployment accuracy shall be reported taking into account directionality, including the maximum,
minimum, mean and standard deviation. The type and location of any filter or delivery system damage and
any clinically relevant accessory device damage shall be reported.

D.5.2.4 Tensile bond strength

D.5.2.4.1

The purp

Purpose

se of this testis to determine the tensile strength of all joints and/or fixed connections o

the filter

system (e
shall be e

D.5.2.4.2
The folloy
— filter
— recor]

— mech|
fixtul

— temp
D.5.2.4.3
Sampling

D.5.2.4.4

.g. distal tip, hub bond). The strength of the segments adjacent to the bonds of the filt
yaluated separately or concurrently with the bond strength determination.

Materials

ying materials apply:

system or appropriate component joints and/or fixed connections;
hmended guidewire or equivalent, if appropriate;

anical testing system with a constant crosshead speed, a suitable load cell and appropriat
es;

brature-controlled environment (37 + 2) °C, as apprepriate.

Sampling

shall be in accordance with Clause D.2.

Conditioning

PI system

P gripping

Conditionfing shall be in accordance with)Clause D.3. Conditioning of the test samples should include

loading, t
anatomic
in D.5.2.3

D.5.2.4.5
For bonds
Develop a

a) Inser

Facking (access and withdrawal) and deployment. Multiple tracking cycles through an ap
hl model should be considered. Information regarding an appropriate anatomical model is
2. Filter systems from completed simulated use testing (see D.5.2.3) may be used for thi

Test method
that will be suibjected to physiological temperatures, testing should be performed at (37
test method based on the following steps:

L the delivery system or component of the guidewire if appropriate.

propriate
provided
b test.

+2) °C.

b) Using

a-mechanical testing system with an appropriate crosshead speed (e.g. 200 mm

in), apply

tension to the bonded joint or to a series of bonded joints until a bond breaks or loses functional
integrity. Ensure that the guidewire is not gripped at both ends.

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

D.5.2.4.6

Expression of results

Bond strength shall be expressed in newtons (N).
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Test report

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

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

D.5.2.5 Torsional bond strength

D.5.2.5.1
The purp
segments

segments
torsional

D.5.2.5.2
The folloy
— filter
— recor
— torqu
— temp
D.5.2.5.3
Sampling

D.5.2.5.4

Purpose

of the filter system that are subjected to torsion during clinical use. The torsional stre
adjacent to the bonds of the filter system shall be evaluated separately or concusrently
bond strength evaluation.

Materials
ving materials apply:
system or appropriate component joints and/or fixed connections;
nmended guidewire or equivalent, if appropriate;
e testing system with a suitable torque gauge;

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

Sampling

shall be in accordance with Clause D.2.

Conditioning

pDSe O 1S test IS to evaluate the torsional strength o € joimts and/or rixed connectipns in the

th of the
r with the

Conditionfing shall be in accordance with” Clause D.3. Conditioning of the test samples should include

loading, t
anatomic
in D.5.2.3

D.5.2.5.5
For bonds
Develop a

a) Inser

Facking (access and withdrawal) and deployment. Multiple tracking cycles through an ap
hl model should be considéred. Information regarding an appropriate anatomical model is
2. Filter systems from ¢ompleted simulated use testing (see D.5.2.3) may be used for thi

Test method
that will be{subjected to physiological temperatures, testing should be performed at (37
test method based on the following steps.

L the filter system or component over the guidewire, if appropriate.

propriate
provided
5 test.

+2) °C.

b) Affix

OTIe end of the testsampie I a clamping apparatus.

c) Attach the other end of the test sample to the torque gauge. The test gauge length shall be long enough
to avoid influence of the clamping apparatus and short enough to ensure uniform torsional loading.

d) Rotate the sample at a rate characteristic of that used in a typical clinical use to one end of the sample
until either of the following predetermined conditions is achieved:

1) testfailure (i.e. the joint and/or delivery system breaks or loses functional integrity); or
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2) testto predetermined, clinically relevant number of rotations to the filter system.

e) Record either of the following predetermined test end points:

1) the torque or number of rotations at which failure occurs and the failure mode and location; or

2) whether the predetermined number of rotations was achieved without failure.

D.5.2.5.6

Expression of results

Torsional bond strength (torque strength) shall be expressed in newton-metres (N-m) or number of

rotations.

D.5.2.5.7

The test 1
and the nj

The result

D.5.3 V
D.5.3.1

D.5.3.1.1

The purp
anatomic

D.5.3.1.2
The folloy
— filter

— anatd
mock
invivi
(e.g.i

— adeqtately challenging filter conditions should be tested in the model (e.g. maximum indica

diam

— clots
mate

and huoyange forces that can impact clot transport and trapping[1]);

NOTE

Test report

aximum, minimum, mean and standard deviation of the torsional bond strength.

s shall be evaluated in relation to the torque level necessary to access, deploy dnd'withdraw t

bna cava filter
Clot trapping

Purpose

ose of this test is to determine the in vitro clot trapping ability of the vena cava fi
h] model.

Materials

ing material apply:

mical model such as a mock vena<ava of the appropriate diameter and length; the geomg
vena cava should be chosen such that flow patterns are adequately representative of c}
o conditions,[34]-[36] and anatomical features expected to impact clot trapping should be ¢
hfrarenal curvature);

eter, filter tilt);

of multiple-sizes should be coagulated animal blood; however, equivalent natural and

eport shall be in accordance with Clause D.4 and shall include the mode and locatioi of ghe failure

e system.

ter in an

try of the
allenging
bnsidered

fed vessel

synthetic

[ials may.be used if justified (e.g. realistic clot-to-fluid density ratio representative of grajvitational

1C~ Itis important to ensure that the clots do not deteriorate over time or through multiple use

.

— test fluid simulating the viscosity of blood should be used unless testing in a different environment (e.g.
distilled water) can be justified;

NOTE

2 Itis important to ensure that the test fluid does not have an adverse effect on the clots used for the
evaluation of the device (e.g. by causing the clots to break up prematurely).

— circulating pump capable of producing clinically relevant flow rates (e.g. 1 1/min to 6 1/min);

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

— press

ure gauge(s) capable of measuring clinically relevant pressures.
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D.5.3.1.3

Sampling

D.5.3.1.4

Condition

D.5.3.1.5
Develop a

a)
[73],

adeq
includ

b) Asser
pump

c¢) Estah
and t

d) Inject

reachled. Record any anomalous observations for each test sample.

e) Recor
recor

f) Repe

D.5.3.1.6

Clot-trapy
released.

D.5.3.1.7

The test
and stand
number o
The anat
during te

D.5.3.2

ISO 25539-3:2024(en)
Sampling
shall be in accordance with Clause D.2.

Conditioning

ing shall be in accordance with Clause D.3.

Test method

test method based on the following steps.

75], [80], [82] to [86] and [104] to [106] prov1de mformatlon on clot trapplng Conditie
includle flow, device configuration (e.g. centred, tilted), model configuration (e.g. horizontal, Vertlcal)

lately challenging mock vessel dimensions and multiple clot sizes. Additional lcondifti
le multiple fluid flow rates.

hble the test fixture including the filter in the anatomical model, the pressufe gauge, the c
and the temperature-controlled reservoir.

ne time(s) of observation of captured clots.

clots serially into the system at the predetermined intervals until the total number

d maximum pressure gradient across the filter and:<the flow rate after each clot is inje
d the number of clots in the filter during the measubements.

it procedure per sampling plan (e.g. different elot sizes, different device configurations).

Expression of results

ing ability is reported as the percentage of injected clots retained by the filter versus th
Pressure gradient across the filteryshould be recorded in millimetres of mercury (mm Hg

Test report

‘eport shall be in aceerdance with Clause D.4 and shall include the minimum, maxim
ard deviation of thé-clot-trapping ability and the pressure gradient for each condition té
f associated clots,device configuration, model configuration and clot size should also be
mical model,fincluding diameter(s) and length(s), clot material, test fluid and flow ra
ting should dlso be reported. Any anomalous observations should be reported as well.

Corresion

48], [52],
ns should

irculating

lish the clot size(s) and maximum number of clots per test run, the)time(s) between clot releases

pf clots is

rted. Also

e number

).

m, mean
sted. The
reported.
fe(s) used

D.5.3.2.1

Purnose
r

The purpose of this assessment is to evaluate the susceptibility of a filter with metallic materials to corrosion.

NOTE

standards.

This annex does not include specific methodology for corrosion testing. Guidance is provided regarding the
assessment of corrosion using various sources (e.g. literature, historical clinical data) and through reference to other
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D.5.3.2.2 Materials

The following materials apply:

— filter or appropriate test samples of the filter (e.g. segments, sections, components, subassemblies) that
have undergone actual or simulated manufacturing processes; the test sample shall be appropriate to

the type of corrosion under evaluation (e.g. crevice, pitting, fretting, galvanic);
— materials as specified in the test methods selected for this evaluation;

— reference sample, as appropriate.

D.5.3.2.3 _Samplin

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

D.5.3.2.4( Conditioning

Conditionfing shall be in accordance with Clause D.3 and shall include actual orrsimulated lo{
deployment.

D.5.3.2.5| Test method

The susc
includes,
historical| clinical performance of the material(s) under assessment. Guidance on corrosion asses;
be found ffrom a variety of sources (e.g. literature, textbooks, standards, regulatory guidance do
Depending on the surface finish and the corrosion testing results, the potential for ion release shou
considergd.

tibility of the metallic materials of the filter to corrosion should-be assessed. Corrosion a;

Exampled of references regarding corrosion terminolegy, equipment, test procedures and method
— IS0 1y475,

— IS0 1p429,

— ASTM F2129,
— ASTM F3044,
— ASTM F3306,
— ASTM G5,
— ASTM G61,
— ASTM G71,

— ASTM G102.

ding and

sessment

ut is not limited to, evaluation of test results, review<{of*literature and consideration of the

ment can
cuments).
1d also be

are:

D.5.3.2.6 Expression of results

Test data shall be expressed in units appropriate to the methods selected.

D.5.3.2.7 Testreport

The test report shall be in accordance with Clause D.4 and shall include the complete corrosion assessment,
including a summary of all test data, analyses and referenced information, comparisons to applicable
controls, any appropriate comparison between in vivo and in vitro performance and conclusions regarding
the anticipated corrosion resistance of the filter. For quantitative data, the maximum, minimum, mean and
standard deviation shall be included. Applicable requirements indicated in documents used for testing

should also be included.
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D.5.3.3 Fatigue and durability — Computational analyses

D.5.3.3.1 Purpose

The purpose of the computational analyses is to calculate the magnitude and location of the maximum
stresses and/or strains for each appropriate loading scenario based upon the intended clinical application
and device design. Appropriate computational analysis tools, such as FEA, can be used to calculate the
stresses and/or strains. The stresses and/or strains can be compared to material characteristics to calculate
the fatigue safety factor.

Computational analyses may also be used to establish appropriate test conditions and to select test articles
for fatigue and durability testing.

D.5.3.3.2( Model inputs and tools

The folloying model inputs and tools apply:

strucfural design of the filter and, if appropriate, a representation of the in vivo,ényironment

vesse]);

e.g. blood

matefial properties (e.g. modulus, fatigue limit, vessel compliance) and constitutive models (e.g. linear

the i

elastlc) for all materials under evaluation;

formation needed to establish boundary conditions related te manufacturing (e.g. compressed

diameter required to achieve delivery system profile), deployment (e.g. implant diametdr) and, if
apprapriate, interaction between filter and the surrounding tissue;

the ipformation needed to establish boundary conditiens (e.g. constraints and loads)
representative of the intended clinical use (e.g. vessel.diameters, deformation, curvature);

apprq

modd the filter and, if appropriate, the in vivo environment (e.g. blood vessel).

D.5.3.3.3| Analysis

that are

priate modelling tools, such as finite element analysis and computer aided design software to

The analyfses shall be performed on the sizes and configurations necessary to ensure an adequate gvaluation
of the filt¢r.

Perform domputational analyses based on the following steps.

a)

b)

Estallish the purpose of-each computational analysis.

1y

ajnalysis maydeused to identify the filter size and configuration that is expected to per
the lowest fatigue safety factor.

2) Sglectcomputational software with the capabilities to perform the analysis.

Define‘the model geometry.

1)

Hstablish the purpose of each computational model analysis. For example, the comjputational

orm with

Identify the sizes and configurations of the filters to be evaluated.

2) Establish the filter geometry and, if appropriate, mock or diseased vessel geometry. The geometry
should be representative of the finished product. Consideration shall be given to the allowed

variability of the dimensions when selecting the geometry for analysis.

3) All appropriate deformation modes should be considered when selecting the extent of the filter to

be modelled or when applying symmetry assumptions.

Establish the material properties. Determine the properties of the materials of the finished filter necessary
to conduct the analysis. If appropriate, establish the material properties for the representative vessel.
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d) Define the constitutive model.

1) For each material in the analysis, determine the appropriate constitutive model (i.e. the relationship
between stress and strain), such as superelasticticy, hyperelasticity and plasticity. The material
properties that are used to develop the constitutive models should represent the final, processed
materials (e.g. final heat treatment).

2) Confirm that the constitutive model(s) represents the behaviour of the material within the
applicable stress or strain range using an appropriate test method(s) (e.g. tensile, bending).

e) Createthe finite element mesh. Create amesh and specify the element type(s), shape(s) and formulation(s)

hape function) to model the filter and, if appropriate, the representative vessel.

(e.g.s
f)  Apply
g) Apply

1) A
r
if

lpadings, rotations or contact.

the constraints to the mesh.
the loading conditions.

pply the loading conditions to represent delivery system loading (e.g. compressed
bquired to achieve the delivery system profile), filter deployment (e.g. implantdiameter)
applicable.

pply the representative loading conditions (e.g. cyclic deformation(fiom respiration orj
hat the filter is expected to experience in vivo.

solution methodology and execute the analysis.
elect the appropriate solution techniques and tolerancesd{orthe formula(e) being solved.

\corporate any additional boundary conditions necessaty to ensure model stability. It is {
b ensure that the applied boundary conditions do not over-constrain and/or do not add u1

 the solution. Conduct a mesh sensitivity:analysis to demonstrate that further mesh r
not significantly change the computational results (e.g. the maximum strain does n
icantly when additional elements are, used).

hte the computational model. Obtain test data to allow comparison of the appropriate ot
odel to the physical behaviour.ofthe filter.

se results.
ompute the appropriate.stress or strain quantities (e.g. principal stresses, equivalent str

alculate fatigue(safety factors using the appropriate failure criteria (e.g. constant life

Expression of results

all be expressed in megapascals (MPa). Strain shall be expressed as a percentag
nless. Locations of critical stresses and/or strains should be depicted in colour figures wit

diameter
nd recoil,

Valsalva)

mportant
nintended

bfinement
bt change

tput(s) of

pins).

diagram).

dlentify the locdtion associated with the lowest fatigue safety factor (e.g. high stress/strain regions).

e (%) or
h legends.

Ior ratigue analysls shadll be provided (e.g. constant 1ire, Morrow andlysis, Goodimnan andl

Report

ses).

The computational analysis report is intentionally different from the standard test reports described in

2) A

t

h) Apply

1) S
2) 1

t

i) Verify
does

signif

j)  Valid

the m

k) Analy

1) d

2) G

I
D.5.3.3.4

Stress sh
dimensio
Diagram
D.5.3.3.5
NOTE 1

Clause D.4.

The report shall include the following:

a) background and purpose:

1) provide a brief device description and the intended use environment;
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b)

d)

f)

ISO 25539-3:2024(en)

2) state the purpose of each analysis;

geometry:

1) report the sizes and configurations of the filters selected for evaluation;
2) provide diagrams and a brief description of the model(s);

3) provide ajustification for the sizes and configurations of the filters for evaluation;

4) if only a portion of the filter was modelled, provide a justification for the geometry analysed (e.g.

the use of symmetry);

appropriate, the mock or diseased vessel (e.g. size, disease state);
6) reportthe dimensions selected in the context of the expected variability;

material properties:

uct and, if

1) list all the materials in the model and report the relevant material property values (e.g/modulus,
ield strength, fatigue limit);

2) provide and justify the source of the material properties (e.g. literature, test data and c¢nditions)

for the filter and, if appropriate, for the representative vessel;

3) provide a justification for why the material properties are representative of the final, processed
naterial (e.g. final heat treatment) in the intended in vivo environment (e.g. 37 °C) if qpplicable,
escribe tests conducted to determine the material properties;

constlitutive model:

1) for each material, provide the relationship between stress and strain (i.e. constitutiye model)

including a graphical representation and/or\the associated formulae;

2) for each material, discuss how the constitutive model captures the material behaviour (e.g. loading,
nloading, plastic deformation);

3) provide ajustification for the assumptions in the constitutive model used to represent each material;

4) provide a summary of the) methodology and data for any testing conducted to support the

cpnstitutive model;

mesh

1) describe the elément type, shape and formulation for the mesh used in the analysis;

2) prrovide aaepresentative image of the mesh in the areas of high stress/strain;

3) provide-a justification for why the elements selected adequately represent the spatial distribution

of the'stress/strain under the prescribed loading;

constraints:

1) report the boundary conditions (e.g. rigid cylinder for vessel, fixed degrees of freedom), including a

graphical representation if appropriate;

© IS0 2024 - All rights reserved
71


https://standardsiso.com/api/?name=2a79b3bd7a2e4d28b49ceff4b387a23c

g)

h)

k)

D)

2)

ISO 25539-3:2024(en)

provide a justification for the boundary conditions used to restrict motion of the model or to isolate
specific deformations;

loading conditions:

iy

2)

3)

4)

solutjon methodology:

iy

2)

solutjon verification:

1)

2)

validftion:

1)

2)

3)

report the loading parameters (e.g. location, magnitude and direction of loading, number of cycles)
and the sequence of the loads applied to the model to represent delivery system loading, filter
deployment and recoil, if appropriate;

report the loading conditions (e.g. cyclic deformation from respiration or Valsalva) applied to the
model to represent deformation(s) or load(s) the filter is expected to experience in vivo;

provide a justification that the delivery system loading and the filter deployment simulation are
gtpresentatlve ofactual delivery system loading (e.g. compressed diameter required to,athieve the

livery system profile) in accordance with manufacturing and filter deployment _in ‘a¢cordance
rith the IFU;

<

pirovide a justification for the values used for the expected in vivo loading conditions;

=

eport the formula solution techniques and tolerances; describe the software package and any user
ibroutines that were implemented;

wn

pirovide a justification for any additional boundary conditions-used to enhance model sta}ility;

report the results of the mesh sensitivity analysis, demonstrating that further mesh refinement
does not significantly change the computational results (e.g. the maximum strain does npot change
gnificantly when additional elements are used);

wn

pEovide a justification for the computationdalresult (e.g. maximum strain) used to establish the
adequacy of the mesh density;

ovide an adequate description‘of the test method (e.g. radial outward force) used to assess the
apility of the computational niedel to adequately predict the behaviour of the filter; this de¢scription
ay include illustrations tg'show similarities between the model and the test article in the fixture;

ovide a comparisonsof the test results to the values predicted by the computational mojdel over a
region relevant to thesanalysis objectives; provide an assessment of the significance of any relevant
ifferences betwéen‘the measured and predicted values;

ovide a justification for the mode of loading used to assess the ability of the computational
apalysis teadequately predict the behaviour of the filter;

results: fofreach computational analysis, report the magnitude and illustrate the physical Ipcation(s)
of the relevant quantitative results (e.g. maximum principal stresses, mean and alternating gquivalent

strait fatigua cafaotyg factarc).

IOt ot oaTe Ty TactoT ]y

discussion/conclusions:

1)

2)

discuss the results in the context of the stated purpose of the computational model (e.g. identifying
the filter configuration and size with, and the location of, the lowest fatigue safety factor, assessing
the acceptability of the fatigue safety factors), including any limitations and conservative modelling
conditions;

when applicable, discuss the implications of the computational analysis with respect to related
testing; for example, explain how the computational analysis complements accelerated durability
testing conclusions.
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NOTE2 As a potential alternative or supplement to a traditional ‘test-to-success’ fatigue testing paradigm,
interested readers can find information on the ‘fatigue-to-fracture’ methodology in ASTM F3211.

NOTE 3  Additional information regarding computational model verification and validation can be found in
ASME V&V40.

D.5.3.4 Fatigue and durability — In vitro testing

D.5.3.4.1

D.5.3.4.1.

General

1 Purpose

The purp
loading ¢
represent

Device dfirability may be evaluated in separate individual tests, tests that apply multiple s

deformat

pse of this assessment is to evaluate the long-term structural integrity of the filter un
bnditions (e.g. compression from respiration and compression from Valsalva mahpet
the in vivo environment. This can require different test configurations.

modes uglder a single test, the relative rate of occurrence of the deformation modés)should be con
2

developi

The infor
inD.5.3.4

For the pt
mock ves
defined a

NOTE
interested

Fatigue a
filter und

Approprij
methods
and/or di

Potential
between

The fatig
corrosion
givenast
to occur g

D.5.3.4.1

on modes, or tests that apply simultaneous deformation modes. When combining de

appropriate test methods, particularly with accelerated testing.

mation included in this subclause are applicable to compression fatigue and durability t

[rpose of this subclause, displacement is defined as the mgvement of a test fixture, a test
el (e.g. diametrical, linear, rotational) in response to the'action of a test apparatus. Defot
b the change in shape of a test article or filter in respouse to a displacement(s) or an appli

As a potential alternative or supplement to a traditional ‘test-to-success’ fatigue testing
readers can find information on the ‘fatigue-to-fracture’ methodology in ASTM F3211.

hd durability testing is intended to evaluate aspects of the long-term structural integt
er cyclic loading conditions that represent the in vivo environment.

ite test methods should be developed to simulate physiological deformation of the filter. ’
Khould describe how to attain deformations of the test article through the application
splacements to the test fixture'or a mock vessel.

failure modes that can, be_evaluated in these tests include filter fracture, and wear o
fomponents.

e and durabilitystests are not intended to fully evaluate potential failure modes 1

wear between\the filter and the recipient vessel, or filter migration. Consideration
b whether such'observations during testing indicate an increased potential for these failt
linically.

2 Materials

der cyclic
(vre) that

equential
formation
sidered in

hat follow

2. Specific considerations for the development of test methods ar¢ included in the individfial clause.

article, or
mation is
bd load(s).

paradigm,

ity of the

[hese test
of forces

abrasion

elated to
should be
Ire modes

The follow4

— filter

NOTE

g materiale annlo:

o T * ) 3 SV A
system;

This test is not designed to evaluate the entire system; however, the system is required to

filter that is under test.

deploy the

— if applicable, accessory devices necessary to accomplish deployment in accordance with the IFU (e.g.
guidewire, introducer sheath);

— if applicable, a mock vessel with a diameter and properties appropriate to enable simulation of the
loading mode under study;

— appropriately sized to represent the vessel diameter for the loading conditions under test;
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constructed of a material (e.g. silicone) capable of maintaining consistent deformation of the test
article under cyclic loading, without creating unwanted deformation of the test article;

capable of withstanding the test conditions at the test frequency and temperature for the duration
of the test;

designed and/or modified to minimize test article migration;

— fatigue test system capable of applying cyclic loads and/or displacement to the test article;

— measurementsystem(s) (e.g.load cell, strain gauge high speed camera) capable of quantifying appropriate
loads, displacements and/or deformations;

. L. L] 1 1 £ 1 h I 1 1 LI |
i Cycle COUIILIIly Sy SLEIIT 10T IIICAdS Ul LIIE TTUIIIDCET O CyCICS dPPIHCU L0 ULIIC LESL AT'LICICS,

— fluid [fixture capable of maintaining buffered saline (PBS) (unless testing in a different fluid can be

justifjed) at physiological temperature (37 * 2) °C;

— inspéction equipment [e.g. light microscope, lighted magnifying glass, radiography, scanning electron

micrgscopy (SEM)].

D.5.3.4.1{3 Sampling
Sampling[shall be in accordance with Clause D.2.

Sampling(shall allow for the evaluation of the structural integrity of-allrelevant parts of the filter.

The filter] size(s) and configurations with the greatest potentiakfor fatigue failure shall be identified and
justified yising computational modelling (e.g. finite element andlysis), engineering analysis and/pr clinical

data. Altefnatively, samples representing the range of sizes.fnay be chosen for testing.

Segmentd or portions of the complete filter may be usedias the test article if appropriately justified.

D.5.3.4.1/4 Conditioning

Conditionfing shall be in accordance with Clause D.3.

The filter] system should be tracked through an anatomical model prior to fatigue and durabilify testing

unless appropriate justification is provided.

D.5.3.4.1/5 Test method

This subclause includes general considerations for the development of all types of fatigue and durabjlity tests:

a) defing the test conditions:

1)

2)

3)

4)

stablishhloading conditions; the effect of the filter on the overall deformation expect¢d in vivo
hould be considered when establishing the loading conditions. The direction and magnitude of
he-applied displacement or force should be justified based on physiologically relevant|data (e.g.

- o ) . : - ing treated,
Computational modelling may be used with the physiologically relevant data to determine the
appropriate loading conditions;

= wn o

mock vessel; there is no general guidance beyond those included in the general materials subclause
(see D.5.3.4.1.2). See the individual fatigue and durability test methods;

test frequency; the test frequency shall be selected to maintain the test article deformation within
the pre-defined limits for the duration of the test and to avoid undesirable harmonics, localized
heating of the filter and rate-dependent effects on material properties;

displacement conditions/control; the gripping technique, slip between the mock vessel (if used)
and the test article, or dynamic forces can result in deformations other than intended during
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testing; establish the method to control displacement or the application of force during testing and
verify that each test article achieves the intended deformation during the cyclic loading at the test
frequency over the duration of the test;

b) setup:

1) either deploy the test article in accordance with the IFU directly into the test fixture or deploy
the filter in accordance with the IFU and secure the test article (i.e. either the complete filter or a
segment or portion of the filter) to the test fixture;

2) inspect the test article(s) using appropriate visual aids, and record the location and severity of any
anomalies (e.g. non-uniform filter expansion);

3) aflow the testarticles to reach the pre-defined test temperature before Initiating test;

c) testir
opers

or fofces; because the relationship between the intended displacements or forces and tg

g: after initiation of testing, at periodic intervals, monitor the test conditions-and ¢
tion to ensure that the test article does not migrate and experiences the intended’disp

quipment
acements
st article

deformation can change over time, it can be necessary to verify that the test article is defgrming as

intenfed; the methodology to verify that the displacements and/or deformatioftsdre as intendse

descr]
articl

Howgver, if removing the test article from a mock vessel is necessary,caré shall be taken to re
re-deploy in a manner that minimizes the effect on the test article;

d) termjnation: terminate the test after the desired number of cy¢les has been achieved or a pre
end ploint has been observed;

e) post-fest inspection: carefully remove the test articles, from the test apparatus and mock|
appli¢able; completely visually inspect each test articlefor evidence of macroscopic damage; if

are i
addit
use 4
to fu
anom

— P

— afditional observations, sych\as migration of filter within mock vessel;

— f

i

SEM

originm of the fracture. When evaluating fractures, consider the potential for artefactual filte

relatg

(I filter migration; (censiderations should be given as to whether such observations in
c

ibed in the test method; if appropriate, stop the test at periodic intervals for inspection
(s); removing the test article from a mock vessel for the periodic inspection is not recor

entified, if fractures cannot be visually idemntified due to the size or design of the f
onal evaluation of regions of interest (e.g. patential areas of high stress/strain or wear)
ppropriate methodologies (e.g. light microscopy, scanning electron microscopy, ra
‘ther inspect for evidence of damagej\identify and document the presence and locati
alies, including the following:

re-specified failure modes under-€valuation in the test, such as filter fracture;

hilure modes that canbé€ related to corrosion, wear between the filter and the recipig

reased potentiakfor these failure modes to appear clinically.

mages can_be-taken of fracture surfaces and fracture locations to characterize the n

d to theteést apparatus (e.g. gripping method) or testing parameters.

d shall be
bf the test
nmended.
move and

Lspecified

vessel, if
hnomalies
Iter, or if
s needed,
iography)
n of any

nt vessel,
dicate an

hture and
I fracture

D.5.3.4.1

6~ Expression of results

There is no general guidance. See the expression of results subclause of the individual fatigue and durability
test methods.

D.5.3.4.1.7 Testreport

The test report should done be according to Clause D.4. The intended and measured displacements and/or
deformations shall be reported.

Results of all inspections, including the cycle count at which the inspections took place and the number and
location of any observed anomalies, including fractures, shall be reported. The test report should include a
discussion on the potential causes (e.g. fatigue failure, material inclusion, pre-existing sample damage, mock
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vessel friction) and clinical relevance of the observations. Results should be considered and interpreted in
relation to any applicable in vivo data.

D.5.3.4.2

D.5.3.4.2.

NOTE
conjunctio

Compression fatigue and durability

1 Purpose

The information in D.5.3.4.2 is specific to the compression fatigue and durability test, and
n with D.5.3.4.1 which describes general fatigue and durability considerations.

is used in

The purpose of this test is to evaluate the long-term structural integrity of the filter when subjected to cyclic
compressive loading conditions perpendicular to the filter axis (e.g. compression along the entire length,

compress

D.5.3.4.2

Refertot

D.5.3.4.2

Refertot

D.5.3.4.2

Refertot

D.5.3.4.2

Refer to

test methjod describes a compression fatigue and durability test that subjects the test article to 4

amount o
article ax
deformat
be insped
integrity;
or a speci

a) defin

1) €
c

q

o o =

$, the intendedsminimum and maximum compressive deformations, are based on the a

jon along a specitied region) appropriate ror the device design and intended clinical use.

2 Materials

he materials listed in the general materials subclause (see D.5.3.4.1.2).

3 Sampling

he information in the general sampling subclause (see D.5.3.4.1.3).

4 Conditioning

he information in the general conditioning subclause (seeD.5.3.4.1.4).

5 Test method

he information in the general test method subclause (see D.5.3.4.1.5) with the folloy
F cyclic compressive deformation (i.e. compréssion in one direction that is perpendicular

on of the test article and can be performed with or without a mock vessel. Each test arti
ted periodically during the test-for the occurrence of fracture and other aspects of ;
the compression of the test article’can be applied along the entire length of the filter (e.g. f]
fied region of the filter (e.g«cylindrical bar) depending on the anticipated clinical enviror

b test conditions:

stablish loading conditions; refer to the information in the general test method, establig
pnditions subclause [see D.5.3.4.1.5 a) 1)] with the following: the loading conditions of thg

inical compression; force equilibrium models, finite element analysis or experimental ¢
hn be uséd)to establish the target minimum and maximum compression;

2)
:q:aterials subclause (see D.5.3.4.1.2) with the following:

ving: this
specified
o the test

is). Testing is performed with a fatigue-tester that induces physiologically relevant copressive

rle should
tructural
lat plates)
ment;

h loading
test, that
hticipated
valuation

ock vessel (if applicable): refer to the information regarding the mock vessel in the general

3) test frequency: refer to the information in the general test method, test frequency subclause [see
D.5.3.4.1.5 a) 3)];

4) displacement conditions/control: refer to the information in the general test method, displacement
conditions/control [see D.5.3.4.1.5 a) 4)] with the following: establish the method to control
the compressive displacement applied during the cyclic loading at the test frequency using a
representative sample; the results of this verification activity should be used to establish the
procedure for controlling the displacement of the compression testing apparatus adequately
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correlates with the intended deformation of the filter, then this may be used to control the applied
displacement during testing;

b) set up: refer to the information in the general test method, set up subclause [see D.5.3.4.1.5 b) 1) to
3)] with the following: adjust the test apparatus to yield the desired compressive displacement; when
calculating percent compression, the following formula should be used:

Co :{—(Dma"‘D‘“i“ )}qoo

D

max

where

c) testir
the fd

1) s

(=

<

2)

—t

d) termination: refer to the information in the general testmethod, termination subclause [see D.5.]

e) post-
[see ]

D.5.3.4.2

The test
millimetr

D.5.3.4.2

Refer to the information imthe general test method, test report subclause (see D.5.3.4.1.7) with the

the intend

D.5.3.5

D.5.3.5.1

ajnd maximum test article compression; verify that the test article-deformations are as inten

[9] 1S the percent compressive displacement;

max 1S the maximum dimension along the line of compression of the test article on thé test 4

is the minimum dimension along the line of compression of the test article’on the
ratus through fatigue cycle;

min

g: refer to the information in the general test method, testing subclause’[see D.5.3.4.1.
llowing:

bt the frequency to the established rate and adjust the test system to achieve the intended

he minimum and maximum test article compressive targets-are achieved, begin counting {

erify minimum and maximum test article compressioniat regular time intervals to ensuy
hirget values are maintained; adjust the system as neceSsary to maintain the desired operatio

est inspection: refer to the information in;thie general test method, post-test inspection
.5.3.4.1.5 e)].

6 Expression of results

es (mm). Compressive defofmation shall be expressed as a percentage (%).

7 Testreport

ed and measuted minimum and maximum test article compressive displacement shall be
Dimensional verification of the filter

Purpose

pparatus;

Lest appa-

b c)] with

minimum
ded; after
he cycles;

e that the
hal target;

.4.1.5 d)];

subclause

frequency shall be expressed in cycles per second (Hz). Displacements shall be expressed in

following:
reported.

The purpose of this test is to determine the deployed filter dimensions including outer diameter(s), length(s),
for verification to design specifications.

D.5.3.5.2

Materials

The following materials apply:

— filter

NOTE

system;

This test is not designed to evaluate the entire system; however the system is required to

filter that is under test.
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measuring equipment for out diameters (e.g. micrometre, optical profile projector, laser-micrometre,
calibrated calipers);

measuring equipment for lengths (e.g. micrometre, optical profile projector, laser-micrometre, calibrated
calipers);

temperature-controlled environment (37 * 2) °C for filter with dimensions that are sensitive to changes
between ambient and physiological temperatures.

D.5.3.5.3 Sampling

Sampling shall be in accordance with Clause D.2.

D.5.3.5.4

Conditioning

Conditionfing shall be in accordance with Clause D.3 and shall include loading, preeonditic

deployme

D.5.3.5.5

Outer dial
non-circu

D.5.3.5.6

Diameter
centimetr

D.5.3.5.7

The test 1
standard

D.5.3.6

D.5.3.6.1

The purp

D.5.3.6.2
The folloy

filter

mech|

nt.

Test method

meter(s) shall be measured at appropriate locations after deployment inaccordance with t}
Jar cross-sections, it can be appropriate to measure and report the'maximum and minimu

Expression of results

5 shall be expressed in millimetres (mm). Lengths shall be expressed in millimetreg
es (cm).

Test report

eport shall be in accordance with Clause D4-and shall include the maximum, minimum,
deviation of all measured and calculated*dimensions.

Filter tensile strength

Purpose

bse of this test is to determine the tensile strength of bonds, joints or components of the f

Materials
ving materials-apply:
or appropyiate components;

anicaltesting system with a constant crosshead speed, a suitable load cell and appropriat

ning and

e [FU. For

m values.

(mm) or

mean and

ilter.

P gripping

fixtui

€s;

temperature-controlled environment (37 * 2) °C, as appropriate.

D.5.3.6.3 Sampling

Sampling shall be in accordance with Clause D.2.

D.5.3.6.4 Conditioning

Conditioning shall be in accordance with Clause D.3.
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