INTERNATIONAL
STANDARD

ISO
22679

First edition
2021-11

Cardiovascular implants <-

Transcatheter cardiac occluders

Reference number
1SO 22679:2021(E)

© IS0 2021


https://standardsiso.com/api/?name=c34a7ad574d2a1cc2c5d3f4ce10d1bf4

IS0 22679:2021(E)

COPYRIGHT PROTECTED DOCUMENT

© 1S0 2021

All rights reserved. Unless otherwise specified, or required in the context of its implementation, no part of this publication may
be reproduced or utilized otherwise in any form or by any means, electronic or mechanical, including photocopying, or posting on
the internet or an intranet, without prior written permission. Permission can be requested from either ISO at the address below
or ISO’s member body in the country of the requester.

ISO copyright office

CP 401  Ch. de Blandonnet 8

CH-1214 Vernier, Geneva

Phone: +41 22 749 01 11

Email: copyright@iso.org

Website: www.iso.org

Published in Switzerland

ii © IS0 2021 - All rights reserved


https://standardsiso.com/api/?name=c34a7ad574d2a1cc2c5d3f4ce10d1bf4

Contents

IS0 22679:2021(E)

Page
FFOT@WOTM.........ccccccovvevee e85 5558558555585 \%
IIMEIOMUICTION ... vi
1 SCOPI@ ... 1
2 Normative references
3 Terms and definitions
4 Abbreviations
5 Fundamental reQUITremMEntS...............oecosseesssissess s @y oo 7
5.1 L] 0 =) Y OSSOSO . 4000 IS 7
5.2 RiSK MaNagemMeNt.... ...y s s 7
6 Device deSCIIPEION ... e

7 Design verification and validation ... 50 e
7.1 General reqUITEMENTES ........ccsaE e
7.2 In vitro assessment

7.2.1
7.2.2
7.2.3
7.2.4
7.2.5
7.2.6
7.2.7
7.2.8
7.29
7.2.10
7.2,11
7242

6.1 General...............
6.2 Intended use.......
6.3 Design inputs

6.3.1 Operational principles and specifications .
6.3.2 Functional, performance and safety requirements ...
6.3.3 Implant procedure: Device and usability requirements........ooccfoicinn
6.3.4 Packaging, labelling and sterilization ... 2.7 .

6.4 DESIZIN OULPULS ..o A et

6.5  Design transfer (manufacturing verificationor validation)

7.3 Preclinical in vivo evaluation

GIETAL .. s
Test conditions, sample selection and reporting requirements ..., 11
Material property.@SSEeSSMENT .............oooirorsreesesess e
Structural performance assessment
Component corrosion assessment......
ViSTDIEY st
Visual inspection ...
Dimensional Verification ...
Device MRI compatibility ...
Simulated use assessment.......................
Usability engineering process................
Design- or procedure-specific testing.......

7.3.1  General ...
7.3.2 Overall requirements
7.3.3  MEEROMAS ettt
7.3.4 Testreport
7.4 ClNICAl INVESEIZATIONS ..ot
T L GEINETAL .o
7.4.2 Study considerations....
74.3 Imaging assessment.....
74.4  Study design......
7.4.5 Explantanalysis ...
7.4.6 Pilot study considerations
747 SEUAY EIAPOIITS ..o
7.4.8  Ethical CONSIAIAtIONS ..o
749 Pivotal studies: Distribution of subjects and investigators
7.4.10 Site qualification and training requirements ...
7411 Study POPUIALION ..o
7.4.12 Statistical CONSIAETAtIONS ...t

© 1S0 2021 - All rights reserved iii


https://standardsiso.com/api/?name=c34a7ad574d2a1cc2c5d3f4ce10d1bf4

IS0 22679:2021(E)

7413 SAIMPLE SIZE oo

2% D U U () B0 ] 1 0

7.4.15 Patient selection criteria

7.4.16 Clinical data reQUITEIMENES ... 26
Annex A (informative) Rationale for the provisions of this document..................ccones 31
Annex B (informative) Transcatheter cardiac occluder hazard analysis example.............ce. 34
Annex C (NOrmative) PACKAZIIE ..........ccc...oooiiriiiiriioeieeieeieesssesssesssssssssesssssssss s 36
Annex D (normative) Product labels and insStructions for uSe ... 37
Annex E (ngrmative) Sterilization .38
Annex F (inT‘ormative) COrrosion aSSESSMENL ...............o.ccirirsesrseeseeseesnessessesesssesessseeseneseeseesk oo oo 39
Annex G (informative) In vitro test guidelines for paediatric devices............coctbi o 42
Annex H (irfformative) Fatigue and durability asseSSment ... e e .. 44
Annex I (nofmative) Adverse event classification during clinical investigation ). /. ............[.. 50
Annex J (informative) Imaging Protocol. ... s 55
Annex K (infformative) Clinical investigation endpoints for transcathetercardiac occluders:

Suggestions for endpoints and their timing ... o 56

Annex L (informative) Examples of design specific testing ... 05 e 59
Annex M (informative) Guidelines for delivery system design evaluation ..o 61
Annex N (ngrmative) Preclinical in vivo evaluation.............. @i 63
Annex O (infformative) In vitro test pressure guidelines.s, ..~ ... o 66
Annex P (infformative) Training for physicians and supportstaff............fo. 68
Bibliograpnlly ............................................................................................................................................................................................................................ 69

iv © 1S0 2021 - All rights reserved


https://standardsiso.com/api/?name=c34a7ad574d2a1cc2c5d3f4ce10d1bf4

IS0 22679:2021(E)

Foreword

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

The preecedures—tsed—to—developth ment-and-these—ntendedfor-its—further-maintenance are
described in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the
different types of ISO documents should be noted. This document was drafted in acéordapce with the
editdrial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this documént may be the subject of
patent rights. ISO shall not be held responsible for identifying any or all su¢h“patent rights. Details of
any patent rights identified during the development of the document willbe in the Introdu¢tion and/or
on tHe ISO list of patent declarations received (see www.iso.org/patents);

Any trade name used in this document is information given for the'éonvenience of users gnd does not
consfitute an endorsement.

For an explanation of the voluntary nature of standards; the meaning of ISO specifi¢ terms and
exprgssions related to conformity assessment, as wellvas information about ISO's aglherence to
the World Trade Organization (WTO) principles in‘the Technical Barriers to Trade| (TBT), see
www.iso.org/iso/foreword.html.

This|document was prepared by Technical Commtittee ISO/TC 150, Implants for surgery, Subcommittee
SC 2,|Cardiovascular implants and extracorporeal systems.

Any feedback or questions on this documrent should be directed to the user’s national standprds body. A
complete listing of these bodies can e found at www.iso.org/members.html.
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Introduction

The field of transcatheter cardiac occluders has advanced and expanded significantly in recent
years. Therefore, a group of engineers, scientists, and clinicians, experts well aware of the problems
associated with transcatheter cardiac occluder devices and their development, has prepared this
document. This document deals with those areas that will help ensure adequate mitigation of device-
associated risks for patients and other users of the device, facilitate quality assurance, and help ensure
that the device will be provided in a convenient and usable form. This document emphasizes the need
to specify and report types of in vitro testing, preclinical in vivo, and clinical evaluations. It describes
the requirements for labels and packaging of the device. The in vitro, preclinical in vivo, and clinical
evaluations[described Im this document are intended to help establish satety and performance of a
transcatheter cardiac occluder.

This document outlines an approach for minimizing adverse events from the implantation|of a
transcatheter cardiac occluder through risk management. The selection of appropriate’ verifichtion
or validation tests and methods are derived from the risk assessment and design inptit requirements.
The tests ipclude those to assess the physical, mechanical, chemical, and biological propertips of
transcatheter cardiac occluders and of their materials and components. The tests also include thoge for
preclinical ip vivo evaluation and clinical evaluation of the transcatheter cardiae occluders.
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Cardiovascular implants — Transcatheter cardiac
occluders

1 Scope

This document specifies important in vitro tests including functional and durability characteristics
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AMTSCAtEteT Cardiac OCCIUUETS, and teir delivery SyStenTs armd acCesSoTies. s do0q
pecify exact test methods for functional and durability testing, but it offers requiy
mmendations for performance tests of the cardiac occluder system.

cal occluders have been omitted from the scope of this document given their'significan
vice geometry, materials, implantation methods, and test methods as compared to tr
ac occluders.

document is applicable to all intracardiac occluders intended fortranscatheter imp
hins (e.g. atrial septal occluder, ventricular septal occluder, patent foramen ovale g
[ appendage occluder, and paravalvular leak occluders). This‘document does not cover
ders, but elements of this document can be applicable to patent ductus arteriosus occl

ollowing devices and components are outside the scopeof this document: surgical dev|
devices, atrial flow regulators, active components.(such as sensors), or degradabl
components.

document is applicable to both newly developed and modified cardiac occluders, thej
es, packaging, and labelling.

document defines operational conditions and performance requirements for cardi
e either adequate scientific or clini¢al' evidence, or both, exists for their justification.

At the time of this document, it is impossible to take all future and emerging tech
deration. The cardiac occludersystems based on these new technologies can benefit from eva
e basic requirements of thisidocument. Testing beyond the scope of this document can also be

to verify and validate theselcardiac occluder systems.

Normative references

following do€uments are referred to in the text in such a way that some or all of t
Fitutes réquirements of this document. For dated references, only the edition cited
ted references, the latest edition of the referenced document (including any amendme

ument does
ements and

r differences
anscatheter

lantation in
ccluder, left
non-cardiac
uders.

ices, cardiac
e or animal

ir accessory

hc occluders

nologies into
uation based
necessary in

heir content
applies. For
hts) applies.

0555-1, Intravascular catheters — Sterile and single-use catheters — Part 1: General req

Lirements

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

IS0 10993-2, Biological evaluation of medical devices — Part 2: Animal welfare requirements

ISO 11070, Sterile single-use intravascular introducers, dilators and guidewires

ISO 11135-1, Sterilization of health care products — Ethylene oxide — Requirements for the development,

valid

ation and routine control of a sterilization process for medical devices

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

valid

ation and routine control of a sterilization process for medical devices

ISO 11137-2, Sterilization of health care products — Radiation — Part 2: Establishing the sterilization dose
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[SO 11137-3, Sterilization of health care products — Radiation — Part 3: Guidance on dosimetric aspects of
development, validation and routine control

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

ISO 11607-2, Packaging for terminally sterilized medical devices — Part 2: Validation requirements for
forming, sealing and assembly processes

ISO 13485, Medical devices — Quality management systems — Requirements for regulatory purposes

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

ISO 14630, ]}

1SO 14937, §
agent and th

[SO 14971, A

ISO 15223-1
— Part 1: Ge

[SO 15223-7
to be supplid

ISO 17664-1
manufacturdg

IS0 17665-1

Von-active surgical implants — General requirements

terilization of health care products — General requirements for characterization-qof a’steri
e development, validation and routine control of a sterilization process for medical device

ledical devices — Application of risk management to medical devices

, Medical devices — Symbols to be used with information to be supplied by the manufac
neral requirements

, Medical devices — Symbols to be used with medical device-dabels, labelling, and inform
d — Part 2: Symbol development, selection and validation

, Processing of health care products — Informatioa to be provided by the medical d
r for the processing of medical devices — Part 1: Critical and semi-critical medical device

Sterilization of health care products — Moist heat — Part 1: Requirements for the develop

validation and routine control of a sterilization process folimedical devices

ISO/TS 176¢
of IS0 17665

ISO/TS 1766
of a medical

5-2, Sterilization of health care products-=— Moist heat — Part 2: Guidance on the applic
-1

5-3, Sterilization of health care,products — Moist heat — Part 3: Guidance on the design
device to a product family andprocessing category for steam sterilization

ISO 20417, Medical devices — Inforniation to be supplied by the manufacturer

[SO 22442-]

managemeng

IEC 62366-1

ASTM F205
medical devl

, Medical devices utilizing animal tissues and their derivatives — Part 1: Application o
"

, Medical devices — Part 1: Application of usability engineering to medical devices

ces inthe magnetic resonance environment

ASTM F211§

2, Standard test method for measurement of magnetically induced displacement for¢

izing
s

turer
ntion
evice
S
ment,

ntion

ntion

( risk

e on

D, Standard test method for evaluation of MR image artifacts from passive implants

ASTM F2182, Standard test method for measurement of radio frequency induced heating near passive
implants during magnetic resonance imaging

ASTM F2213, Standard test method for measurement of magnetically induced torque on medical devices in
the magnetic resonance environment

ASTM F2503, Standard practice for marking medical devices and other items for safety in the magnetic
resonance environment

3 Terms

and definitions

For the purposes of this document, the following terms and definitions apply.
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[SO and IEC maintain terminology databases for use in standardization at the following addresses:

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

— IEC Electropedia: available at https://www.electropedia.org/

31
access system

system consisting of a variety of components (e.g. sheath, haemostasis control valve, side ports for

administration of physiological fluids and medications) to provide vascular access for
occluder (3.3) delivery system (3.8)

the cardiac

3.2
adverse event
AE
untoard medical occurrence, unintended disease or injury, or untoward cliniical sign
abnormal laboratory findings), in subjects, users or other persons, whethefor not re
invegtigational medical device

Note |l to entry: This definition includes events related to the investigational medical device or the
Note P to entry: This definition includes events related to the procedures inyolved.

Note |3 to entry: For users or other persons, this definition is restricted to events related to in
medital devices.

3.3
cardjiac occluder

non-qctive (3.20) implant to occlude a specific cardiac anatomic structure (e.g. atrial se
ventricular septal defects, patent foramen ovale, feft atrial appendage) or seal an abnormal
flow|(e.g. heart valve substitute paravalvular leak)

3.3.
atrigl septal occluder
cardiac occluder (3.3) used to treat an.atrial septal defect

3.3.
left atrial appendage occluder
cardlac occluder (3.3) used-taclose the opening of the left atrial appendage

3.3.
paravalvular leak/occluder
cardiac occluder (3:3) used to close a paravalvular leak

3.3.
patent ductus arteriosus occluder
occlyder used to close a patent ductus arteriosus

s (including
ated to the

fomparator.

vestigational

btal defects,
site of blood

3.3.5
patent foramen ovale occluder
cardiac occluder (3.3) used to close a patent foramen ovale

3.3.6
ventricular septal occluder
cardiac occluder (3.3) used to treat a ventricular septal defect

34
cardiac occluder system

supplied components, such as the cardiac occluder (3.3), access system (3.1), delivery system (3.8),

accessories, packaging and labelling

© IS0 2021 - All rights reserved
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proach

anatomical access used to deliver the cardiac occluder (3.3) to the intended implant site (3.17) (e.g.
transfemoral, transseptal)

3.6

delivery catheter
component of the delivery system (3.8), used to advance and deploy a cardiac occluder (3.3) to the

intended im

3.7

plantation site

+h
datil

delivery sh
hollow tubd
facilitate en

3.8

delivery sy
system [e.g
retrieve] a ¢

3.9

design vali
establishme
use(s) (3.18)

3.10
design veri
establishme

3.11

device emblolization

post-deploy
site or cathg

3.12
device faily
inability of 4

3.13

that traverses the skin and subcutaneous tissue and enters the endovascularspa
[ry of wires and catheters

Stem
delivery catheter (3.6)] used to deliver, deploy, attach or adjust [i.e.Crecapture (3.2
ardiac occluder (3.3) in the intended implantation site

Hation
nt by objective evidence that device specifications conform 'with user needs and inte

fication
nt by objective evidence that the design output meets the design input requirements

ment or peri-procedural dislodgement of the cardiac occluder (3.3), from the implant
ter, respectively, to an unintended-dand non-therapeutic location via the bloodstream

re
cardiac occluder (3.3) te perform its intended function sufficient to cause a hazard

ration

device migj}
detectable
close proxi

3.14
failure mod
mechanism

di

ovement or displacement of the cardiac occluder (3.3) from its original position w
ty of the infénded implant site (3.17), without embolization

le
of device failure (3.12) [e.g. catastrophic support structure fracture (3.15)]

ce to

D) or

nded

htion

ithin

3.15
fracture

unintentional disruption, under the action of applied load (e.g. force, torque, or deformation), of a

structural el

3.16

ement (3.32) of the cardiac occluder system (3.4) that were previously intact

imaging modality
imaging method used to facilitate diagnosis, delivery and/or retrieval (3.24)/recapture (3.22) of the
implant within the target implant site (3.17), as well as to assess cardiac occluder (3.3) performance
after implantation

3.17

implant site
intended anatomic site of a cardiac occluder (3.3) deployment

4
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intended use
use of a cardiac occluder (3.3) in accordance with the specifications, instructions and information
provided by the manufacturer

3.19

membrane
flexible synthetic material covering or integrated within a portion or all of the cardiac occlude

3.20
non-

active

er than that

impl
dired

3.21
prot

4 ) R R | + A | £ .1 deaas ] £ i
IITU VVIIIUIT UUTOS 11UL ucycuu Ull da oUUI LT Ul TITCLLIILAdl UIIT1 S_y Ul au_y SUUIrCLuC Ul }JUVVCI Ull

tly generated by the human body or gravity

pctive packaging

configuration of materials designed to prevent damage to the sterile barrier)system (3

contg
[soy

3.22
reca
proc
full d

3.23
repo

ents from the time of their assembly until the point of use

RCE: ISO 11607-1:2019, 3.14]

pture

eployment, but prior to its release

sitioning

chanjge in implant position and/or orientation of a;partially or fully deployed cardiac occlud

trang

3.24
retri
remd

3.25
risk
coml

[SOU

3.26
risk
systd

[SOU
"risk

catheter technique, possibly requiring fuller’'partial recapturing of the device

eval

ination of the probability’of occurrence of harm and the severity (3.30) of that harm

RCE: ISO 14971:2019), 3.18]

analysis
matic use of available information to identify hazards and to estimate the associated ;1

RCE: 1SO 14971:2019, 3.19, modified — "associated" has been added and "(s)" has be

.31) and its

pss of returning the cardiac occluder (3.3) back into thedeélivery system (3.8), following partial or

br(3.3) viaa

val of a partially or fully deployéd,cardiac occluder (3.3) via a transcatheter or surgicall technique

isk(s) (3.25)

en added to

']

3.27

risk assessment
overall process comprising a risk analysis (3.26) and a risk (3.25) evaluation

[SOU
3.28

RCE: ISO 14971:2019, 3.20]

sample size
quantity of individual specimens of a device tested

[SOU

©ISO
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3.29
safety

freedom from unacceptable risk (3.25)

[SOURCE: ISO 14971:20109, 3.26]

3.30
severity

measure of the possible consequences of a hazard

[SOURCE: ISO 14971:2019, 3.27]

3.31

sterile bary
minimum p|
presentatiol

[SOURCE: IS

3.32
structural
stent or frar

3.33
withdrawa
removal of {

ier system

blement

|

0 11607-1:2019, 3.23]

he component of a cardiac occluder (3.3)

he occluder delivery system (3.8) with or without the cardiac occluder (3.3)

oses of this document, the following abbreviations apply.

ackage that minimizes the risk (3.25) of ingress of microorganisms and allows aseptic
1 of the sterile contents at the point of use

4 Abbreyiations

For the pury

ADE adverse device effect

AE adverse event

AFib afrial fibrillation

ASD afrial septic defect

CEC (Jlinical Events Committee
CIP clinical investigation plan
CMR chrdiacmagnetic resonance
CRF chseé report form

CT computed tomography

DIC disseminated intravascular coagulation

DSMB Data Safety Monitoring Board

EC Ethics Committee

GCP Good Clinical Practice

HIT heparin-induced thrombocytopenia
ICE intracardiac echocardiography

6
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instructions for use
Institutional Review Board
left atrial appendage
magnetic resonance imaging
New York Heart Association

percutaneous coronary intervention

PMCF
PDA
PET
PFO
PVL
SADE
SAE
TEE
TTE
VSD

5 Fundamental requirements

5.1 | General

The activities described within this document shall be carried out within a formal quality 3

NOTH

requirements can be specified by a country or region.

5.2 | Risk maiiagement

The manufacturer shall define, implement and document risk management activities in
with[ISO\14971. A risk-based methodology challenges the manufacturer to continually
evalyate known and theoretical risks of the device, to develop the most appropriate 1}

post-market clinical follow-up
patent ductus arteriosus

position emission tomography
patent foramen ovale

paravalvular leak

serious adverse device effect
serious adverse event
transesophageal echocardiography
transthoracic echocardiography

ventricular septal defect

[SO 13485 contains requirements for a suitable quality system for a medical manufactur

ystem.

er. Additional

accordance
hnalyse and

methods for

mitigating the risks of the device, and to implement the appropriate test, analysis methods, or rationale
to demonstrate the residual risks are acceptable (see Annex A).

Annex B provides an example of a hazard analysis to serve as a starting point for a risk analysis specific
to some cardiac occluder devices.

Annex I provides definitions and examples of adverse events that can be useful in the risk management

process.

As part of the risk management process, the manufacturer shall establish, document, implement and
maintain a usability engineering process, linked but distinct from the device design process, as detailed
in [EC 62366-1.

© IS0 2021 - All rights reserved
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6 Device description

6.1 General

The requirements of ISO 14630 shall apply.

6.2 Intended use

The manufacturer shall identify the pathological condition(s) to be treated, the intended patient
population and intended claims. The manufacturer shall also consider the intended user(s) of the

medical dev

ton and o ot o a1 b ol e 1o o d
UL dITU LIIC CIIVIT UITITICIILO TIT VVIIIVIT IU 1O UOoLU U,

6.3 Desig

6.3.1 Oped

The manufq

n inputs

rational principles and specifications

cturer shall define the operational specifications for the device including the princip

operation, intended device delivery approach or process, durability, shelf life, shipping or storage li

and the phy
relevant and
either the dg
how the devj

ice configuration will be determined (see Annex O and Annéx G).

6.3.2 Functional, performance and safety requirements

6.3.2.1 Gg

tneral

es of
its,

siological environment in which it is intended to function. Thezmanufacturer shall define
itomical characteristics and device dimensional parameters,that will be required to delect
vice model or size, or both. Additionally, if designed for periprocedural modification, define

The manufgcturer shall establish (i.e. define, document and implement) the functional, perfornmjance

and safety r

equirements of the cardiac occluder system for the intended use and device claims.

6.3.2.2 Implantable device

The intendd

following:

a) the abil
b) the abil
c) theabil
d) theabil
e) biocomj

d performance of the cardiac occluder device shall take into consideration at leas

ty to occlude undesited blood flow;

ty to resist migrafion and embolization;

ty to minimize haemolysis;

ty to mihimize undesired thrombus formation;

patibility;

t the

f) the ability to resist corrosion;

g) the ability to minimize particulate shedding;

h) compatibility with adjacent anatomical structures or other implanted devices, if applicable;

i) compatibility with diagnostic imaging techniques (e.g. MRI);

j)  visibility under diagnostic imaging techniques (e.g. MRI, echocardiography, fluoroscopy, CT);

k) deliverability and implantability in the target population;

1) the ability to maintain structural and functional integrity during the expected lifetime of the

device;
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the ability to maintain structural integrity, functionality and sterility for the labelled shelf life prior

to implantation;

the ability to be consistently and safely prepared for implantation;

the ability to be consistently and safely implanted in the intended implantation site and achieve the

aforementioned performance objectives;

the ability to be either safely retrieved, adjusted or repositioned, or all, if applicable.

NOTE See ISO 14630.

6.3.21.3 Access and delivery system

The

established (see Annex M). All supplied sterile single-use intravascular catheters

ISO

functional, performance and safety requirements of the access and delivery syst

bm shall be
thall follow

10555-1. If sterile single-use intravascular introducers, dilators or guidewises are supplied by the
mantifacturer, then they shall follow ISO 11070, as applicable. For cardiac oceluder systems

Wwhich either

requjre or allow the user to select a non-supplied access system, the attributes of the rfon-supplied
accegs system shall be established for it to be compatible with the cardiac occluder deliyery system.

Thesle attributes include minimum inner diameter and length.

The

performance of the delivery and access system:

a)
b)

c)

d)
e)
f)
g)
h)
i)
j)
k)
1)

design attributes shall take into consideration at least~the following to meet t

¢ompatibility of the access system, delivery system, and the cardiac occluder;

the ability to permit consistent, accurate and safeloading, access, delivery, deployment
f the cardiac occluder to the intended implantation site;

the ability to permit consistent and safe~withdrawal of the delivery system prior {
deployment of the cardiac occluder device;

the ability to minimize thrombus-féxrmation;
the ability to minimize blooddoss;

the ability to either retrieve; reposition, or remove the cardiac occluder device, or all, if
Ibiocompatibility;

the ability to resist'corrosion;

the ability to-maintain integrity of the coating, if applicable;

tthe ability to minimize particulate generation;

he intended

and release

o and after

applicable;

theability to maintain its functionality and sterility for the labelled shelf life;

compatibility and visibility with diagnostic imaging techniques (e.g. MR], echo, fluoroscopy, CT), if

applicable;
compatibility with tools and accessories required to complete the procedure.

the ability to avoid air thrombus during the procedure;

the ability to inject contrast agent through the applicable changes of the procedure, if applicable.

6.3.3 Implant procedure: Device and usability requirements

The cardiac occluder system shall provide intended users the ability to safely and effectively perform
pre-operative, intra-operative, and post-operative procedural tasks to achieve desired outcome. This
shall include procedure-specific tools and accessories that intended users will need to complete the

© IS0 2021 - All rights reserved
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procedure. In addition to establishing the device physical requirements during the implant procedure,
the usability engineering process according to IEC 62366-1 shall be used to establish user interface
characteristics that can be related to safety and effectiveness during the implant procedure.

6.3.4 Packaging, labelling and sterilization

The cardiac occluder system shall meet the requirements for packaging, labelling, and sterilization
contained within Annex C, Annex D, and Annex E, respectively.

The manufacturer shall provide information and guidance (e.g.imaging modalities and sizing procedure)
in the labelling to allow for appropriate preparation of the implantation site (e.g. left atrial appendage),

selection of

Appropriate Implant size, Implantation of the cardiac occluder, and post-procedure car

b and

medication, |if applicable. The manufacturer shall also provide MRI safety information in the labelling.
SeelSO11135,1S011137-1,1SO0 11137-2,1S0 11137-3,1S0 14160, ISO 14937,1SO 17665-1,1SO/ TS 176p5-2,
and ISO/TS [17665-3 for additional information regarding sterilization.

See ISO 1167-1 and ISO 11607-2 for additional information regarding packaging.

See ISO 152P3-1, ISO 15223-2, and ASTM F2503 for additional information regarding labelling,

6.4 Design outputs

Design and flevelopment outputs shall meet the requirements of ISO13485.

The manufacturer shall establish (i.e. define, document and“~implement) a specification of the
cardiac occluder system. In addition to the physical compenénts of the cardiac occluder systen, the
manufacturpr shall establish instructions and specifications for the implant procedure. Instrucfions
shall meet the requirements of Annex D.

6.5 Design transfer (manufacturing verification or validation)

Design trangfer requirements shall meet theTequirements of ISO 13485.

The manufdcturer shall establish (i.e. defihe, document and implement) the manufacturing process
operations gnd inspection steps including components and manufacturing materials.

As part of the risk management process, the manufacturer shall establish the control measureg and
process conditions necessary. toyensure that the process is capable of consistently delivering qyality
product. Thie risk managenient file shall identify and justify the verification or validation actiyities
necessary t¢ demonstrate the acceptability of the process settings chosen.

The manufacturer shall establish the adequacy of full-scale manufacturing by validation of the
manufacturjng process (the installation qualification (IQ), operational qualification (0Q)| and
performancg qualification (PQ)).

7 Design verification and validation

7.1 General requirements

The manufacturer shall perform design verification to demonstrate that the design output of a cardiac
occluder system meets the design input. The manufacturer shall establish a design verification strategy
relating to hazards identified from the risk analysis. The protocols shall identify the test purpose, setup,
equipment (e.g. specifications, calibration), test conditions (with a justification of appropriateness to
anticipated in vivo operating conditions for the device, if applicable), acceptance criteria, and sample
quantities to be tested. Design verification includes testing, analyses, and other activities.
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The manufacturer shall also validate the design of the cardiac occluder system to ensure that the device
meets user needs and intended use; refer to applicable sections of ISO 13485. The design verification
and validation shall address all risks identified in the risk assessment at the appropriate level.

NOTE See ISO/IEC 17025[2 regarding considerations for test method validation.

7.2 Invitro assessment

7.2.1 General

ro assessment shall be used, where appropriate, to demonstrate mitigation of risks jdentified in

isk analysis through either design verification or validation, or both.

In vi
the

7.2.2 Test conditions, sample selection and reporting requirements

7.2.2.1 Test conditions

The 1
for e

est conditions for each in vitro assessment shall be defined and justified (see Annex G and Annex O

xamples of differential pressures).

7.2.1.2 Testsample selection

Test
syste
batc
incl
effec
whet|

samples for either design verification or validation, or.both, shall represent the cardfiac occluder
m product intended for clinical use. Representativeproducts include initial prodyction units,
es or their equivalents. Test samples shall be appropriately preconditioned priof to testing,
ing exposure to the maximum number of allowed sterilization cycles, process chemicals, aging
ts, shipping/handling, in accordance with allimanufacturing procedures and instructjons for use,
e appropriate. Any deviations of the test samples from the finished product shall be julstified.

The full range of available device configurations (e.g. sizes, deployment shapes, use ranges, delivery

systq
depe

m and accessories, and implant sites);shall be considered during selection of test samp
nding on the particular test, teSting does not necessarily have to be completed for

configuration.

For 4
scier

1l tests, the number of samples shall be justified based on the specific intent of the
tific justification. Additional information regarding sampling and sample conditionir

s; however,
each device

test, with a
g, including

accordance
hod defined
intered that
loading the
rming of the
is indicated
deployment

any |
with
here
affed

pading and deployment steps (including repositioning and recapturing, if applicable) in
the instructions-for' use, where appropriate shall be included within each test met
n, as appropriate/ Samples shall be subjected to conditions that are normally encot
t the test results. Examples of conditioning are preparation of the occluder system,
occlyder inside the delivery catheter, passage through simulated tortuous vasculature, wa
systdm to body'temperature and deployment of the occluder. If retrieval and repositioning]
for the implant in the IFU, the maximum allowable number of re-sheathing/recapturing and
cyclg(s).specified shall be simulated in clinically representative challenging conditions.

NOTE See ASTM F3172018],

7.2.2.3 Reporting requirements
The test report or accompanying documentation from the manufacturer shall include:

a)

the purpose, scope and rationale for the test;

b) identification, description and rationale for the selection of the cardiac occluder system elements
tested (e.g. lot number, size, configuration) and prior history [e.g. packaging, sterilization, ageing
(accelerated, real-time), simulated use (tracking, positioning, deployment)];

c) identification, description and rationale for the selection of the control device(s) where appropriate;
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d) the number of samples tested and rationale for sample size;

e) description of the test method with reference to detailed test method;

f) the pre-specified acceptance criteria shall be provided, or justified if excluded;

g) either ajustification or the clinical relevance of the acceptance criteria, or both shall be provided or
referenced, if applicable;

h) verification that appropriate quality assurance standards have been met (e.g. ISO/IEC 17025[201);

i) deviations, if any, and discussions of the effect of the deviations on the scientific validity of the test
results;

j) testresflts;

k) conclusjons (i.e. specify whether the acceptance criteria were met or not, and interpretation df the
results)

Statistical procedures used in data analysis and rationale for their use shall be described. Test results

and the con¢lusions shall be used as an input to the risk management documeftation to assess the risk

associated with a hazard/failure mode under evaluation.

7.2.3 Matferial property assessment

7.2.3.1 Gé¢neral

The materidl selection and other requirements of ISO 14630:shall apply.

When functional testing of the device addresses th€ known potential risks associated with its

materials, np specific material properties testing is needed. However, if risks associated with spegcific

material properties are not evaluated within the *functional tests conducted for other sections in 7.2

(see Annexds H, ], L and M for example tests), then specific testing of the material properties shgll be

conducted tp address the associated risk.

Material prpperties used as inputs in ‘tomputational, structural, durability or other performance

assessments, shall be measured and reported as appropriate to risk management.

Material prpperties deemed to (fequire evaluation outside of functional testing shall be meadured

on compongnts of the finished“system or specimens manufactured and processed the same ap the

corresponding component(s)of the finished system.

Scientific litprature citations or previous characterization data from similar devices may be referepced;

however, the applicability of the literature and characterization data to the cardiac occluder shall be

justified.

NOTE Mpteérial properties reported in literature or from manufacturer’s previous studies rather|than

those measu Cd d;l C\'t})’ cdall Ul uocd fUl \.Uulyutat;uual lllUdClD VVhClC thc I CDU‘ItD Ulc thC lllUdC} arc ouff;\. ently

insensitive to the material properties in the range of the reported ranges of the material properties or if the
context of use of the model does not require a high level of predictive confidence (see Reference [9]).

7.2.3.2 Biological safety

The biocompatibility of the materials and components used in the cardiac occluder system shall be
assessed in accordance with ISO 10993-1. The test plan recorded in the risk management file shall
comprise a biological safety evaluation programme with a justification for the appropriateness and
adequacy of the information obtained. The documentation shall include a rationale for the commission
of any biological safety tests carried out to supplement information obtained from other sources and for
the omission of any tests identified by ISO 10993-1 but not performed. During the hazard identification
stage of a biological safety evaluation, information shall be obtained to allow the identification
of toxicological hazards and the potential for effects on relevant haematological characteristics.
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Where an identified hazard has the potential for significant clinical effects, the toxicological risk
shall be characterized through established methods (e.g. dose-response, exposure level, biochemical
interactions, and toxicokinetics in relation to a patient population, and mode of action).

If components contain materials of animal origin, associated risks shall be assessed in accordance with
SO 22442-1.

7.2.4 Structural performance assessment

7.2.4.1 General

Ana
perfq

ssessment of the ability of the implant to withstand the loads to which it will be subje¢ted shall be
rmed in order to evaluate the risks associated with potential structural failure modeq.

7.2.4.2 Fatigue and durability — In vitro testing

The

manufacturer shall assess the durability of the cardiac occludercuwder simula

loading conditions. Durability assessment addresses the integrity of the, entire cardiac

suba
as p

mani
deviq

An 4
funcf
asses

for a

reley

irt of the fatigue assessment (see Annex H). If appropriate, for the specific device
ifacturer shall justify situations where a single test may address both component
e durability.

ssessment of the durability of the implant shall beiperformed in order to asses
sments are typically performed through acceleratéd testing. Durability testing shall b

ant challenging conditions. If the labelling for a particular device includes an explic

aboult anticipated in vivo device lifetime, testing shall be performed to support the labellin

RegU

loading of the implant. A detailed description of the appearance of the cardiac occlud

doc

by ch

failu
risk

Cons

intern

card

locat]

cond

The
IFU,

ented prior to and at the completion of the test. The durability assessment shall b

hssessment. Guidelines fordurability testing are provided in Annex H.

ideration shall be given to variation in deployed occluder shape, which may vary d
ac occluder under in vivo conditions. If an occluder is intended to be implanted in mul
fition.

mplantshall be loaded (if applicable) and deployed in accordance with the applicable
hiid appropriately placed into the test apparatus to simulate the device placement at

5semblies, under extended cyclic loading. Assessment of structuralcomponents shall b

ion over a reasonable lifetime, considering the intended patient population. Implar

minimum of 400 million cycles unless otherwisejustified. Testing shall be conducted

lar inspections (e.g. 50 million, 100 million, 200 million) shall be conducted to assess th

ded cardiac location. In addition, test apparatus shall simulate loading and deform

ions, each ocation and each failure mode shall be considered in determining thd

kted in vivo
occluder or
e conducted
design, the
fatigue and

s continued
t durability
e performed
at clinically
t statement
b claim.

e consistent
ers shall be
e performed

aracterization of the test occluder in terms of the observed damage and the extent of damage. The
Ffe modes to be considered-and the pass/fail criteria for the test shall be determined bag

ed upon the

epending on
ation of the
fiple cardiac

worst-case

steps of the
he intended

locattem:

NOTE

See ASTM F1801[12] and ASTM F3211[191.

An assessment of the fatigue performance of the cardiac occluder structural components shall be
conducted; all components comprising the support structure, including anchoring features, shall be
appropriately considered. Testing shall be performed to demonstrate that the support structure will
remain functional for a minimum of 400 million cycles, unless otherwise justified. Acceptance criteria
for fatigue testing shall be justified by the manufacturer based on the results of the risk assessment.

The manufacturer shall identify and justify the appropriate in vivo loading and environmental
conditions used. If endothelialisation or tissue incorporation of the implant is considered in the
interpretation of the test result, scientific justification (e.g. clinical evidence) shall be provided.
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Suggested fatigue assessment guidelines are provided in Annex H.

NOTE See ASTM F1801[12] and ASTM F3211[22], and ASME V&V 40[21.

7.2.4.3 Computational modelling study

In order to predict locations of highest risk of fracture and to mitigate those risks, perform validated
computational analyses (e.g. finite element analysis [FEA]) of the structural components of the implant
under clinically relevant challenging conditions. Consideration shall be given to critical aspects of
the target implant site (e.g. compliance, geometry) and loading from all occluder components. If any
symmetry conditions in the computational analyses are utilized, they shall be justified. A validated

constitutive
dependent,
appropriate

Computatio
samples for

The manufa

To help ass
establish (i.
fatigue endji
alloys, such
values shall
The use of
however it i

NOTE
model.

Se

7.2.5 Component corrosion assessment

An assessm
occluder sy§q
to variation
coating) an
resistance s

The manufacturer shall provide rationale for the selected test methods and justify that all corr

mechanismj
potential fo
Suggested g

Corrosion a
consideratid

model shall be used for each material In the computational model, capturing erther
temperature-dependent, stress dependent or non-linear material behaviour, oy a

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

cturer shall experimentally establish a stress-strain constitutive model.

ess and interpret the results of the computational simulatiofts, ‘the manufacturer
e, experimentally measure and statistically calculate) the fatigte life of the material
irance limit for ferrous and titanium alloys, fatigue strength for nonferrous metalg
as nitinol, or constant life line for mean and alternatifig stresses/strains). These fa
be measured at the desired number of cycles for fatigue-assessment (e.g. 400 million cyj
material mechanical and fatigue characterization_ data from literature may be just
5 likely to not be acceptable because of the potential differences provided in H.2.3.

e ASME V&V 40[9] for the requirements on thesverification and validation of the computa

bnt of the corrosion resistance of.all constituent metallic materials comprising the ca
tem shall be conducted. It is Wwell established that metal corrosion potential can be sen;
s in manufacturing processes (e.g. heat treatment, chemical etching, electropolis
d device loading and deployment with the delivery system. Therefore, the corr
hall be characterized ugsing the finished conditioned component.

and conditigns have been considered through testing or theoretical assessments
Ir fretting damage in designs that allow micromotion between contacting compong
uidelines are provided in Annex F.

bsessnient includes, but is not limited to, evaluation of test results, review of literaturg
nCof the historical clinical performance of the material(s) under assessment.

ime-
I, as

test

shall
(e.g.
and
tigue
cles).
ified,

ional

rdiac
itive
hing,
hsion

hsion

(e.g.
ents).

b and

For indications that an occluder interacts with another metallic device, the manufacturer shall consider
all interactions with the pre-existing device in terms of corrosion potential (e.g. galvanic corrosion,
fretting corrosion).

NOTE See ASTM F1801[12], ASTM F2129[13], and ASTM F304417],

7.2.6 Visibility

The ability to visualize the implanted device and delivery system during delivery, deployment and
during/after delivery system withdrawal, using the manufacturer’s recommended imaging modality in
the labelling (e.g. fluoroscopy, TEE, ICE, MRI, CT, echocardiography) shall be evaluated.

NOTE See ASTM F640[11],
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7.2.7 Visual inspection

The device shall be inspected to ensure it meets visual criteria established by manufacturer.

7.2.8 Dimensional verification

The manufacturer shall demonstrate that the device dimensions conform to design specifications.

7.2.9 Device MRI compatibility

The manufacturer shall evaluate the safety and compatibility of the implant with the use of MRI and
include that information with its labelling. If the cardiac occluder is intended to be implajnted into or
adjadent to a pre-existing implant, testing shall consider the effects of the pre-existing implant.

ASTM F2052, ASTM F2119, ASTM F2182, ASTM F2213, and ASTM F2503 shall apply.

7.2.10 Simulated use assessment

eter cardiac

model that
anscatheter
positioning,

The gbility to permit safe, consistent and accurate delivery and deploymentof the transcath
occlyders within the intended implant site shall be evaluated using“aclinically relevant
simullates the intended use conditions. This assessment will include)all elements of the ty
card]ac occluder system required to facilitate the implantationprocedure (e.g. delivery,
repogitioning, deployment, and retrieval). The model shall censider anatomical variation yvith respect
to de¢livery pathway and intended implant site as well as\physiologic factors (e.g. test fluid, tissue
comiliance, temperature effects). In the case of deployniént of the cardiac occluder withir or adjacent

to a pre-existing prosthetic cardiac device, the model shall consider the dimensions and conditions (e.g.
endofthelialisation, tissue encapsulation, calcification)-of the existing device.

7.2.11 Usability engineering process

Evalfiate the usability of a medical device.as it relates to safety in accordance with IEC 623¢6-1.

7.2.12 Design- or procedure-specific testing

Desig
asses
dired

rn specific testing shall beyconsidered to assess additional failure modes identified
sment that might not have been already addressed. In some cases, design specific test
t implications for the pverall structural lifetime of an occluder component, and add

by the risk
ng can have
itional tests

s to inform
bresented in

may
desig
Annd

be required. Annex{Jprovides examples of potential hazards of cardiac occluder syste
n specific testing)Examples of additional device design evaluation requirements are J
X L.
7.3 | Preclinical in vivo evaluation

7.3.1 C~General

General requirements of ISO 14630 shall be considered.

7.3.2 Overall requirements

Preclinical studies to enable acceptably safe clinical investigations shall precede initiation of clinical
investigations. An in vivo animal test programme shall be conducted for new or modified devices to
investigate those risks and aspects of safety and performance that cannot be fully evaluated from in
vitro testing or other available data regarding cardiac occluder device delivery, deployment and imaging
characteristics and cardiac occluder device safety and performance. The preclinical programme
design shall be based on the risk analysis. This design shall consider device safety and, when feasible,
performance.

© IS0 2021 - All rights reserved 15


https://standardsiso.com/api/?name=c34a7ad574d2a1cc2c5d3f4ce10d1bf4

IS0 22679:2021(E)

The choice of animal model (e.g. species, diseased or non-diseased, age, weight), study duration, device
size and sample size shall be justified and documented. The relevant anatomical and physiological
similarities, differences and limitations of the animal model compared to the humans for the device use
shall be included in the animal model justification. The use of alternative implantation sites, alternative
implantation techniques and acute as well as chronic studies can be justified to accommodate specific
cardiac occluder design features and species-specific anatomic differences.

Anatomic species differences and use of diseased or non-diseased animal models shall be considered
when interpreting results from preclinical in vivo testing alone. Diseased animal models exist for PDA,
ASD, and, VSD (e.g. see References [34] and [48]). If preclinical in vivo evaluation is determined to not
be required, the justification shall be documented.

The preclinilcal in vivo evaluation shall:

a) Assess
occlude

1) eas

Helivery, deployment, implantation procedure and imaging characteristics of the ca
I system. Consideration shall be given, but not limited, to the following items:

e of use of the cardiac occluder system (e.g. assembly, flushing, advancement/pushal

torquability, positioning, deployment, recapturability, and withdrawal);

2) pos
occ

t-implantation changes in shape and structural components of, the transcatheter ca
uder;

3) img4ging characteristics for placement and effectiveness of oeclusion and impact on physi

(e-g
4) mig
5) intd

ind
spa

either device radiopacity or echo-opacity, or both; quantity of contrast used);
ration or embolization of the cardiac occluder;

raction with surrounding anatomy, for example, iatrogenic atrial-septal defect, and cat
iced injury such as an air embolism, a perforation, a dissection, a vascular constricti
5m, or endothelial cell disruption;

6) ability to resist unintended deformation.of the access and delivery system (e.g. kink, stret

7) ability to maintain haemostasis.

b) Evaluat
intende

e the extent to which the safety and performance of the cardiac occluder system refleq
d clinical use; the followingitems shall be evaluated, if applicable:

1) ability to prevent residudl shunt, device embolization, pericardial effusion, device-re

thr

bmbus, unstable-‘device placement, and interference with other unintended ca

anatomies;

2) car

c) Assess
the folld

Hiac occluderintegrity during the follow-up period.

he in.vivo response to the cardiac occluder. Consideration shall be given, but not limitg
wifgitems:

rdiac

ility,

rdiac

plogy

heter
bn or

ch);

t the

lated
rdiac

ed, to

1) healing characteristics of the device suriace (Including endothelialisation), tissue integration
of device into the endocardium and healing on the occlusion side of the device (LAA cavity);

2) effect of post-implantation changes in shape and structural components (e.g. the presence of

dev

3) hae

ice angulation, bends, kinks) on haemodynamic performance;

molysis;

4) thrombus formation on the exposed blood flow surfaces;

5) emboli of material from the implant site, delivery device or cardiac occluder and device
interactions; emboli may be observed in distal organs such as brain and kidneys;

6) infarction in distal organs such as brain and kidneys;

16
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7) migration or embolization of the cardiac occluder or deformation over time of the cardiac
occluder;

8) biological response (e.g. inflammation, thrombosis, rejection, changes in electrical activity,
other unexpected interactions with tissues);

9) interaction with surrounding anatomical structures, for example, transmural erosion of

myocardium, development of fistula tracts, formation of jet lesions from incomplete acute
sealing or loss of seal over time, compression necrosis, ostial fibrosis, changes in cardiac rhythm;
changes in valvular regurgitation; changes in blood flow within surrounding vasculature; and
changes in atrial or ventricular volume, and either compliance or contractility, or both.

hll be either
naged using

d) $se the final design of the cardiac occluder system. Where applicable, the system sh

repared, deployed, recaptured, retrieved, repositioned or removed, or all andvin
the same procedures as intended for clinical use. Consideration shall also be'given to effects of
maximum allowable conditioning steps (e.g. maximum sterilization cycles,) maxinjum loading
¢ycles, maximum time the implant is constrained within the delivery sheéath, maximym retrieval

and repositioning events if indicated in the IFU).

1) Ifneeded, ancillary studies can be conducted to evaluate unique-déesign and deliveyy aspects of
the device.
2) The manufacturer shall justify any modifications to-the device or system, sudh as device

scale, that can be required for implantation in the animadl model and address the impact of the

modifications on the interpretation of results.

e) Investigate the cardiac occluder system in positions and physiological situations for which it is
intended (e.g. septum, LAA, membranous or muscular, congenital or acquired, acute or|chronic; see
eferences [25], [34] and [48]); if species-spetific anatomic features or the use of a non-diseased
nimal model confound the ability to evaluate the cardiac occluder in positions fo which it is
intended, provide a justification for implantation in an alternative site or the use of alternative
plantation procedures.

f) $ubject a comparably sized reférerice cardiac occluder to identical anatomic and ghysiological
¢onditions as the test device.

g) Perform the preclinical in_vivo evaluation by appropriately experienced and knowlefgeable test
laboratories under apprepriate quality assurance standards (e.g. either Good Laboratpry Practice
or ISO/IEC 1702559, ‘or both).

h) Address animalavelfare in accordance with the principles provided in ISO 10993-2.

7.3.3 Methods

Guidhnce o the conduct of in vivo preclinical evaluation and a series of tests which can be used to

addrpss the relevant issues is provided in Annex N. The intent of these studies is to min:r'lc as closely

as passible the clinical use of the cardiac accluder system (e.g. delivery, deployment, imaging) and

to assess the in vivo response with respect to performance and safety. It is recognized that adverse
events arising after occluder implantation can be attributed to either the implanted cardiac occluder,
the procedure, or the environment into which it is implanted, or all, including interactions among
these. Therefore, serious adverse events arising during or after cardiac occluder implantation shall be
analyzed and interpreted in order to identify the cause of the adverse event.

The investigator should seek to control as many variables as possible within each study arm (e.g.
species, gender and age). Animals suffering from periprocedural complications may be excluded from
the group of study animals, but they shall be reported.

For all studies, the specified duration of the observation period of the animals shall be justified
according to the parameter(s) under investigation in each study protocol. For long-term studies, the
observation period shall be appropriately justified in each study protocol but shall not be less than
(90 % 5) days.
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The number of animals used for implantation of test and reference cardiac occluders shall be justified.
For the long-term study of the final design of the cardiac occluder system, a minimum of six animals
shall be assessed at the terminal endpoint, unless otherwise justified by risk assessment.

For survival studies, a post-mortem examination shall be performed (e.g. macroscopic, radiographic,
histological) focusing on device integrity and delivery system/device related pathology. The report
shall include this information from all animals that have been entered into the study.

The assessment shall provide at least the following:

a) animal health condition during the survival period, indicated by periodic observation of feed
intake, excretion of urine and feces signs of illness or injury and interaction with pen-mates;

b) necropgy, including in situ evaluation of the cardiac occluder; tissue trimming and orientation|shall
be documented, including processing methods, plane of section and number of sectionstaken;

c) any detgctable pathological consequences, including but not limited to: migration-or embolizgtion;
post-implantation changes in shape of structural components; thrombo-enibolic phenomena;
endothglialisation; and either tissue disruption or inflammatory responses, ‘6r both, involving
either the cardiac occluder or in the major organs (i.e. histopathology), or both;

d) any defectable structural alterations (macro- or microscopic or radiographic) in the capdiac
occluder (e.g. damage, material degeneration);

e) serial blood analyses performed pre-operatively, at appropriately justified intervals during the
observgtion period, and at termination to assess haemolysis;"abnormalities in haematology and
clinical chemistry parameters;

f) delivery and deployment characteristics, including.btlit not limited to ease of use, hanfdling
charactgristics, imaging, sizing technique, deployment, recapturability, retrieval, repositionability
and/or removal, if applicable;

g) seriousjadverse events (e.g. animal death, mizocardial infarction, significant cardiac arrhythmias,
emboliZation);

h) any other system or procedure-related complication or events.

7.3.4 Testreport

The laboratpry performing the-preclinical in vivo study shall produce the test report based on the
original study protocol, incléding:

a) identifi¢ation of each of the cardiac occluder system components used in the procedure (product
description, modgl,‘serial number and other appropriate identification);

b) detailed description of the animal model used, the rationale and justification for its use; the pre-
procedyral, assessment of each animal shall include documentation of health status as wegll as

S 1 £l : ]
gender, vergntantage or tircatinart,

c) description of the imaging technique(s), the implantation procedure, including delivery, deployment
and sizing technique, cardiac occluder position and any procedural difficulties;

d) description of the pre-procedural and post-procedural clinical course of each animal including
clinical observations, medication(s) and interventions used to treat serious adverse events; describe
anticoagulation or antiplatelet drug and regimen used as well as therapeutic level monitoring
methods, if applicable;

e) names of the investigators and their institutions along with information about the implanting
personnel and the laboratory’s experience with cardiac occluder implantation and animal care;

f) interpretation of data and a recommendation relative to the expected clinical safety and
performance of the cardiac occluder system under investigation;
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g) for survival studies, the study pathology report shall include gross photographic and radiographic
examination, histopathology findings and clinical pathology analysis (blood test) result, for each
explanted cardiac occluder;

h) for survival studies, detailed necropsy reports for each animal in the study that includes an
assessment of the entire body including such findings as thromboembolism or any other adverse
effects putatively from the cardiac occluder;

i) asummary of all data generated from all animals during the course of the investigation shall be
included; in particular, serious adverse events generated by evaluations described in Annex N,
deviations from the protocol and their significance, shall be addressed.

7.4 | Clinical investigations

7.4.1 General

The requirements of 1SO 14155 shall apply. Clinical investigations shall be performed for hew cardiac

occlyder systems and expanded indications for use. For modifications of-anexisting car

systdm, if a determination is made, based on the risk analysis, thatZelinical investigati
requ
sized
chaniges of a marketed device can have on the device’s previously established safety and ¢
and
loading on the occluder).

Clinifal investigations shall be designed to evaluate the €ardiac occluder system for its inten
stud
occlyder system and from the procedure. The clinical investigation shall include pre-prod
procgdure and follow-up data from a specified\number of subjects, each with a follow-up
for the device and its intended use. Depending on procedure and expected timing of per
events, varying intervals can be justified( For occluders, a minimum duration for assessn
procgdural events can be from initiation-of the index procedure to 30 days post-procedurs
discharge, whichever is later; a shorter/duration can be considered if justified. The clinical i
programme shall be designed to provide substantial evidence of acceptable safety and effg
supplort the intended labellingforthe device.

In acfordance with [SO 14155, medical devices can undergo three general stages of clinical ¢
basefl on the risk assessareént. The phases of a clinical programme typically include a pilg
first
clini
Humpnitarian us€. (e.g. compassionate use, emergency use, special access) is a separate
is not considered part of the clinical programme. A series of patients receiving a novel d
humanitarianruse or via other special access program (i.e. compassionate or emergency u
be u
invegtigation, pilot phase studies (early feasibility or proof of concept clinical investigatic

red, scientific justification addressing safety and effectiveness: shall be provided. Aj
and designed clinical investigations are recommended to allew-an assessment of the ef

benefit-risk profile (e.g. novel blood-contacting materidls 6r changes that affect the

es shall include an assessment of adverse events'related to risks arising from the use o

in human clinicalyinvestigation, early feasibility clinical investigation and traditionj
fal investigation), a pivotal phase (studies to support market approval), and a post-m

sed<as(a substitute for any clinical investigational study. Prior to embarking on a piy

iac occluder
ons are not
bpropriately
fects design
ffectiveness
mechanical

ded use. The
f the cardiac
edure, peri-
appropriate
-procedural
nent of peri-
e or hospital
hvestigation
ctiveness to

levelopment
t phase (i.e.
] feasibility
hrket phase.
process and
evice under
se) shall not
otal clinical
ns) shall be

considered to provide initial information regarding clinical safety and device performance. A scientific
justification shall be provided if pilot phase studies are not to be undertaken. The information derived
from the pilot phase may be used to optimize the cardiac occluder system (i.e. design of device and
accessories), types and methods of access for implant, endpoint selection or modification, and patient
selection prior to initiation of a larger clinical investigation following further pre-clinical testing.

A pivotal clinical investigation shall be designed to ensure:

a)

b) anacceptable level of risk-benefit for the patient considering the available alternatives and standard
of care;

the presence of a well-defined, clinically relevant question;
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ion, appropriate imaging and clinical endpoints and follow-up duration.

A randomized study design for a pivotal trial should be considered for the following reasons:

a)

an appropriate study design to answer the clinical question, including a well-defined patient

ethical considerations may require a head-to-head comparison with alternative treatments or

standard of care; randomized trials provide the highest quality scientific evidence and minimize

bias;

b) random

ized trial results may promote adoption of effective therapies.

For clinical investigations to serve as a basis for market approval, there shall be sufficient data to

support the
accompanie
device in th|
probable be
from such u
inclusion/ey
information|
up intervals
adjudication]

7.4.2

The decisiol
risks and th
risks and be
carried out
following m
effectivenes
The clinicall
for example]
which the d
investigatio
are being in
for pre-marj
those adver

Studly considerations

safety and effectiveness of the device for its intended uses and conditions of use,

on defined CRFs, a rigorous system to monitor the data collectionyahd defined fo
. The appropriate use of imaging core laboratories and clinical-events committee
and data safety monitoring boards should also be included.

1 to use a medical device in the context of a particular clinical trial requires the res

nefits of alternative control therapies (see ISO 14971). A premarket investigation is a s
before market approval of the investigational, device. A clinical investigation carrie
arket approval, intended to answer specific questions relating to clinical perform
s or safety of a medical device when used in accordance with its approved labe
investigation population can be influehced by the type of clinical development §
the pilot stage population may come from a sub group of the total target populati
bvice is eventually indicated. However, by the time the pivotal stage is reached, the c
h population should more closelymirror the target population. If marketed medical de

ket clinical investigation$§_apply. With cardiac occluder systems, device performancg
be events which are directly related to the device or procedure shall be measured to a
sue erosion, haemolysis, vascular injury, stroke or systemic embolization). Devicd

comorbidities;
erlyingahatomy and pathological process and whether it continues to progress;

byrelated tissue properties;

loil‘:lical

hen

d by adequate directions and warnings against unsafe use. Safety and effectivenesy of a
e context of a market approval application are to be determined in part by weighing any
nefits to health from the use of the device against any probable risk of injury or illness
5e of the device. These studies shall include a pre-specified statistical methiedology, spécific
clusion criteria, use of accepted endpoint definitions, a rigorous method of collefting

low-
s for

idual

e anticipated benefits of the test device and procedure to be balanced against the known

tudy
1 out
hnce,
lling.
tage,

for

vices

Festigated for new indicationsyother than described in the approved labelling, requirenpents

and
5sess
and

prmance including.adverse events may also depend on factors other than the device itself,

risk (e.g. tij
clinical perf]
including:
a) patient
b) theund
c) patholo
d)

changes to prevent or reverse expected progressive deterioration in cardiac function;

e)
f)
g)

technical factors involved in delivery and implantation;
either appropriate selection of available sizes or shape configurations, or both;

the potential for adverse haemodynamic effect.

whether the achieved changes in anatomic pathology result in appropriate and sufficient physiologic

Refer to Annex I for more information about adverse events classification during clinical investigation.
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7.4.3 Imaging assessment

Imaging assessment is an essential aspect of the clinical investigation for patient selection, device
placement or re-positioning, avoidance of procedural complications and patient follow-up. To ensure
optimal anatomic evaluation, device access and position, functional assessment, and multiple imaging
modalities (e.g. TEE, TTE, ICE, CT, MR], fluoroscopy) can enhance assessment and shall be used where
applicable. The latest imaging guidelines from professional societies should be followed in performing
these imaging procedures to ensure the quality of images. Clinical site training and approval shall
be conducted before enrolment in collaboration with the independent core laboratory (see Annex P).
Imaging endpoints and follow-up time points for discernment shall be specified and justified, and the

follow-up shall be completed as specified in the CIP. See Annex ].

7.4.4

The
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The
allow
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pern

The
shall
shall

Stud

7.4.5

Expl

Study design

CIP shall clearly define the objectives of the study and specify safety and effectivenes
Annex [). The CIP shall specify either anticipated study-related adverse events, incly
ocedure-related adverse events, or both, in accordance with Annex L-and published
Hefinitions of the outcome measures shall be consistent with those desctibed in this
' comparability of other approved cardiac devices. The study design-shall include a
stical analysis plan and success criteria (e.g. new devices should be at a minimum no
lard of care).

es should employ appropriate measures to minimize/bias where possible. Study

depending on the purposes of either the assessment-or the technology (novel techng
fication to well-established device), or both. Study~populations shall be represent
ded post-market patient population, including etiology and pathology. Further, stuc
ned to ensure collection of all CIP specified follaw-up information in all subjects entd
 unless subjects specifically withdraw consent for follow-up. For patients who withdy
v-up will end at the time of the withdrawal~However, depending on local requirement
v-up can be obtained. All subjects enralled in the clinical investigation (including thosg
the clinical investigation or lost to follow-up) shall be accounted for and documented
ntinues participation in the clinicaliinvestigation, the reason(s) shall be recorded. The
Ise existing data and ask for thé subject's permission to collect follow-up data alj
s or condition including infoxmation about device clinical performance, effectiveness
lission is obtained, the relevant data shall be included in the clinical investigation repd

manufacturer is respensible for ensuring collection of appropriate information. The {
be consistent with'the' aims of the CIP. For a given study, the CIP and CRFs (data colle
be standardizedacross institutions and investigators.

y monitoringshall be conducted in accordance with ISO 14155.

Explant analysis

hit-analysis is a vital part of device evaluation. The need for this analysis shall be desg

&

5 end points
ding device
definitions.
ocument to
e-specified
n-inferior to

designs can
logy versus
ative of the
ies shall be
red into the
aw consent,
5, additional
withdrawn
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investigator
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or safety. If
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nt. Devices

explanted or obtained at autopsy shall be assessed by a pathologist with appropriate medical device
pathology training/experience, where appropriate. This can be a cardiovascular pathologist if he/
she has device pathology experience. The results of analyses shall be reported in accordance with the
CIP including operative or autopsy photographs, or photograph of retrieved device by transcatheter
techniques or in situ (surgical or autopsy) and after explant. The CIP shall include an explant pathology
protocol with detailed instructions for processing and evaluation by an independent pathologist
(including operative or autopsy photographs). Device pathology analysis can require specialty plastics
embedding which many hospitals are not equipped to perform. Where appropriate, collaboration with
the manufacturer for instructions and, potentially, assistance for the return and processing of the
explanted devices, should be considered. Whenever feasible, the explanted device shall be subjected
to appropriate functional, imaging and histopathological investigations. In the event of subject death,
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valuable information about implanted devices can be obtained by autopsy, which should be encouraged
whenever possible.

NOTE See I1SO 12891-111 and I1SO 12891-2(21.

7.4.6 Pilot study considerations

If a pilot stage is necessary, an exploratory clinical investigation(s) will evaluate the limitations and
advantages of the medical device and is commonly used to capture preliminary information on a
medical device (at an early stage of product design, development and validation) to adequately plan
further steps of device development, including needs for design modifications or parameters for a
pivotal clinical nvestigation. This stage includes frst In human and feasibility clinical Investigagions.
Exploratory]clinical investigations might not require pre-specified statistical hypotheses, although the
design of thg clinical investigation and the interpretation of the outcome can be more straightforyvard
if statistical|considerations are provided in the CIP.

Given the eikploratory nature of pilot phase studies for devices still in development, the following
safeguards are essential:

a) patient selection shall be a shared decision process between physician and)patient that takeg into
account]the best scientific evidence available, as well as the patient’s valies and preferences;

b) the confsent process shall inform the subjects of the pilot phas¢ nature of the study and what
that mejans (e.g. clear language stating that the device togetherawith the procedure has notbeen
evaluated for safety or effectiveness and that the patient istamong the first in the world o be
treated|with this device) and alternative options including otlier approved devices;

c) oversight of the study safety shall be performed by a Data Safety Monitoring Board (DSMB) pr an
indepernident medical reviewer;

The following additional considerations can also apply for pilot phase studies:

a) pilot phiase studies may not require pre-specified statistical hypotheses. Robust interpretatipn of
the resyilts and their generalizability is usually limited due to the small number of subject§ and
participating clinical investigators;

b) limitatipns on rate of enrollment may be applicable based on risk assessments (e.g. evaluatipn of
acute oytcomes after each patient and before treating the next patient);

c) aClinical Events Committe€(CEC) shall be used for adjudication of adverse events;
d) use of inaging or other dppropriate core labs should be considered;

e) re-evalyation of(risk/benefit profile as appropriate based upon study outcomes as they become
available.

7.4.7 Studlyendpoints

The choice and timing of primary and secondary study endpoints shall be driven by the study
objectives, the pathology, the patient population, the technology, the post-operative medical treatment
(e.g. antithrombotic medication) and anticipated risks. Endpoints shall include safety and effectiveness
such as time-related safety, acute mortality and longitudinal survival, quality of life, symptomatic and
functional status, and device and procedural success. Other tertiary or descriptive endpoints should be
considered relative to the technology. Guidance for clinical investigation endpoint selection is provided
in Annex K.

7.4.8 Ethical considerations

Although novel cardiac occluder systems can have been extensively tested in vitro, by computer
simulation and by implantation in animals, human studies are essential, yet carry significant risk to
patients, especially in first in human studies. Diseased human hearts are structurally and functionally
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different from healthy or diseased animal hearts. Further, the investigators who implant the device
will be subject to learning curves. Even if similar devices have been previously implanted successfully,
differences in either design and materials, route of access, deployment or anchoring techniques, or all,
can impose unforeseen hazards.

The choice of patients to receive the first implants of a novel technology places responsibility on
both manufacturers and investigators and raises important ethical issues. Choice of objective and
skilled investigators who will implant the new device is equally important. Relevant guidance on
conflict of interest has been provided by regulatory agencies or other organizations (Baim, 2007[23],
Lo, 2009[33]; Qaseem, 2019[41]). A rigorous process for disclosure of interests and management of
conflicts of interest is essential for management of conflict of interest and guidance statements from
natidnal and international organizations should be followed. Manutacturers shall not offer financial
incentives to the institution or investigators to implant the device. Compensation of(patients for the
costg for participating in the clinical investigation shall be limited to an appropriate amount in line
with|ISO 14155 and shall not be so large as to encourage patients to participate.

See 3
Insti

Committee/
ies.

Iso 7.4.10 for additional detail for site and investigator selection considerations. Ethics
futional Review Board approval shall be obtained for both pilot phase and pivotal stud

7.4.9 Pivotal studies: Distribution of subjects and investigators

In thle pivotal stage, one or more confirmatory clinical investigations can be conducted to|provide the
inforjmation necessary to evaluate the clinical performance, effectiveness or safety of the inyestigational
devige. A confirmatory clinical investigation shall be adequately designed with a pre-defined hypothesis
for the primary endpoint(s) and a pre-specified sound statistical method for the analysis lafid out in the

CIP.

The ¢linical investigation population can be influenced by the type of clinical developme
exanpple, pilot stage population may come fronia subgroup of the total target populatid
the device is eventually indicated. However, by the time the pivotal stage is reached,
invegtigation population should more closelyymirror the target population.

nt stage, for
n for which
the clinical

7.4.10 Site qualification and training requirements

Clini

ral investigations of cardiac’ occluders shall be conducted in institutions with

facilities, case-load and case-mix and by investigators with appropriate experience, skills

(see

expe
inter]
ment
[32],

The
hybr

Annex P). The availaple stientific guidelines should be followed to ensure required cg
rtise and procedurespecific skills. Patients should be evaluated by a multidisciplinary
vention with a eardiac occluder is considered. Learning new techniques shall take pl
oring and pro€toring to minimize the effects of the ‘learning curve’ (see References [2-
[37], [39] and 46]).

procedures shall be performed in an adequately equipped cardiac catheterization 14
id room, properly sized to accommodate anaesthesia and imaging equipment and

appropriate
hind training
mpetencies,
r team when
ace through
), [26], [30],

boratory or
have a non-

¢. The room

1ble C -arm system for fluoroscoplc 1mag1ng and contlnuous haemodynamlc mon1tor1

v embolization,
and other serious adverse events Large sheaths and catheters transseptal puncture kits, different
wires, snares, and pericardiocentesis equipment shall be readily available. Site readiness for the
procedure necessitates not only a knowledgeable operator but also a thorough team understanding of
the procedure and of the individual role of each member of the team.

7.4.11 Study population

Clinical investigations shall be designed to include enough subjects, investigators, and institutions to be
representative of the intended patient and user populations. The design shall include consideration of
and justification for such aspects as disease etiology, disease severity, gender, age (e.g. adult, pediatric)
and other special patient populations as appropriate. The sites should be selected to ensure that patient
enrolment is sufficient to accommodate a spread of clinical experience and exposure to the device while
allowing a reasonable learning curve. Consideration and justification should also be made to account
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for any expected differences in standard of care or patient outcomes based upon the geographic
distribution of the intended patient or user populations. The CIP shall specify and justify the planned
number of institutions (including geographical distribution), the minimum and maximum number of
subjects to be included for each centre, the maximum number of investigators per institution, as well as
the target patient population.

Criteria relevant to the selection of sites and clinical investigators should include:

suitable distribution of sites;

bss to the defined patient population;

cence of a local or central IRB/EC;

quallified centres, following the guidelines on operator and institutional\ requirenpents

lished jointly by the professional societies (see References [26] and [30]);
plvement of a multi-disciplinary heart team in patient selection;

ert imaging with accredited operators and facilities (see also Aarex |) in agreement
e ]lab specified image acquisition and transmission protocols;

appropriate study coordinator and other administrative staff‘\associated with data colle

oordination of the study;

quate resources (e.g. facilities and equipment, sécurity and storage, working spac
hitor and additional equipment);

conppliance with GCP, including but not limited’to: Regulatory agency and IRB/EC app

a) sites:
1y
2) acc
3) pre
4)
pub
5) inv
6) exp
cor
7)
or g
8) ade
mof
9)
prig
dev|
dev]
10) exp|
11) acc

b) clinical

1

2)
3)
4)

7.4.12

iation properly approved or documented; proper adverse event reporting; and adeq
ice accountability;

erience with investigational device clinical studies;
bptable results of previous§ hegulatory inspections;

investigators:

qu

lifications by education, training (by manufacturer or medical experts), relevant experi

and meeting all applicable regulatory requirements;

motivation te~continue patient recruitment and to undertake long term accurate follow-up;

prior clinieal research experience;

with

ction

e for

roval

r to study initiation; proper consenting.of all research subjects; CIP adherence, with any

juate

ence,

avojdance of competing studies (e.g. to avoid selection, channelling biases); minimjizing

potential conflict of interest.

Statistical considerations

The manufacturer is responsible for selecting and justifying the specific statistical methodology used.
The size, scope, and design of the clinical investigation shall be based on:

a) theintended use of the device;

b) the results of the risk analysis;

c¢) measures that will be evaluated;

d) the expected clinical outcomes.
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A prospective randomized controlled trial, assessing superiority or non-inferiority as appropriate, may
be considered to minimize bias. Depending on the scope and objectives of the clinical investigation,
other designs (e.g. blinding, sham controls) can be appropriate.

The decision to use a medical device in the context of a particular clinical procedure requires the
residual risk to be balanced against the anticipated benefits of the procedure in comparison with the
risk and anticipated benefits of alternative procedures or therapies (see ISO 14971). If a comparable
device is on the market, the study control may be the comparable device or another active comparator,
such as surgery or medical therapy. If a comparable device is not on the market, randomization against
an appropriate active comparator should be used. If the study uses a non-inferiority design, the non-
inferiority margin shall be justified and, to the extent feasible, based on prior data from comparable
devi¢es.

hnd shall be
[ the cardiac

For f
suffi
occly

ivotal studies (single-arm or concurrent control), the sample size shall be justified
Cient to enable assessment of the safety and performance or effectiveness endpoints o
der system in the intended populations.

7.4.13 Sample size

The sample size shall be sufficient to enable assessment of the clinical performance offthe cardiac
occlyder device as well as to quantify the associated risk.

The humber of patients in a clinical investigation shall balange)the need for a reliable arfswer to the
questions addressed whilst minimising the exposure of subjects to risk. In certain cirfumstances,
the dbjectives of the investigation can involve a comparative group which will influence hot only the
design but the appropriate sample size and subsequent investigation analysis. The usual method for
determining the appropriate sample size for a pivotalinvestigation requires:

— gpecification of a primary endpoint(s);

— hypotheses;

lype 1 error (conventionally 5 % ot.less for a 2-sided test or 2,5 % or less for a 1-sided test);

power (conventionally 80 % qr above);

ttrition (conventionally.-5.%).

q

Wheh using devices in léss common patient populations (e.g. paediatric, adult congenital), different
statiptical consideration$’may apply and shall be defined and justified.

7.4.14 Duration of study

The protocohshall specify total expected duration of the clinical investigation and expected duration of
each|patient's participation.

In addition to the requirements established above, the CIP shall specify total duration ¢f the study,

including long-term patient follow-up which may continue in the post-market setting (see also 7.4.16.6).
The study duration shall be established based on the specific purposes of the study as identified by the
risk assessment, the intended application, the outcomes measured, and, if relevant, the type of device
modification. The intended application includes the disease and population for which the device is
intended, including the expected duration of survival in such a population without the device at issue
and survival in patients treated with an available comparator.

7.4.15 Patient selection criteria

The inclusion and exclusion criteria for patient selection shall be clearly defined. The intended patient
population shall be specified and any salient differences between the intended population and those
studied shall be justified. The study shall only include patients who are willing and able to participate
in the follow-up requirements.
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The following aspects should be taken into consideration when developing inclusion and exclusion
criteria to ensure that the expected benefit of treatment outweighs the risk to subjects:

a) patient demographics (e.g. age, gender);

b) disease aetiology (e.g. vascular anomalies, congenital defects, paravalvular leaks, prosthesis
endoleaks);

c) severity of defect using standard grading criteria where available;

d) symptomatic versus asymptomatic patients;

e) co-morhid conditions (e.g. MI, coronary or peripheral artery disease, previous iniective
endocaiditis, rheumatic heart disease, degenerative neurological disorders, frailty, (preyious
cardiacfinterventions, prior stroke or systemic embolism, previous haemorrhagic/bleeding evients,
chroniclkidney disease, hematologic disorders, chronic lung disease);

f) ventricylar function and chamber sizes (e.g. ejection fraction, systolic or diastplic dimensi¢n or
volumes);

g) haemodynamic stability (e.g. mechanical circulatory assist devices, inotrepic support);
h) surgical status (e.g. elective, urgent, emergency, salvage);

i) tolerange for procedural or post-procedural anticoagulation or antiplatelet regimens;
j) life expectancy;

k) device jor procedure specific anatomical considerations (e.g. congenital defects, access| site
conditigns, device location, tolerance for required imaging);

1) pregnancy or breastfeeding contraindicating theprocedure; contraceptive measures for subjects
of child{bearing age;

m) access tp sufficient follow-up treatment (alktypes of physical and medicinal therapy).
7.4.16 C(linical data requirements

7.4.16.1 Ge¢neral

Clinical datg, including adverse-events, shall be recorded for all subjects in the study as requirgd by
[SO 14155. Consideration @nd“appropriate justification shall be made for the collection and analysis of
site reportef versus coredaboratory adjudicated data.

7.4.16.2 Baseline

The followihg-data shall be collected based on the patient population being studied and the dpvice
indication:

a) demographics (e.g. age, gender);

b) baseline information (e.g. weight, height, blood pressure, CHA2DS2-VASc score, HAS-BLED,
haemolysis evaluation, BNP, NT-proBNP);

c) co-morbidities (e.g. liver, kidney and lung disease, substance abuse, smoking history, diabetes,
hypertension, hypercholesterolemia);

d) cardiovascular diagnosis and co-existing cardiovascular diseases (e.g. heart failure,
cardiomyopathy, aneurysm, cerebral vascular disease, peripheral vascular disease, coronary artery
disease, history of endocarditis, history of thromboembolism, previous myocardial infarction) and
cardiac rhythm;
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NYHA functional class, and frailty and quality of life indicators should also be considered;

previous relevant cardiac interventions (i.e. surgical or non-surgical);

echocardiographic and other relevant imaging data to provide cardiac haemodynamic, geometric
and functional information (e.g. ventricular function), and to characterize the defect and to assess
implant site and the size of the orifice or leakage site, and determine the presence or absence of
intra-cardiac clot; relevant imaging data for assessment of access and delivery approach;

blood test to assess hepatic, cardiac and renal status;

haematologic or coagulation profile.

If an)

7.4.1

The {

a)
b)

‘)
d)
e)
)

g)
h)

i)

j)

 of the above data are deemed not applicable, a justification shall be provided.

6.3 Peri-procedure data

ollowing data shall be collected:

1

ame of operator(s);

tilization time (e.g. procedure room entry or exit time, access;site entry or exit tinpe, length of

ospital stay);
ate or time of procedure;

ype of procedure suite (e.g. operating room, hybrid room, cardiac catheterization labg

I:ethods of anaesthesia (e.g. general, local, conscious sedation);

edications including start or stop dates, dosdge, changes, change justification (e.g. ant
egimen, inotropes, antibiotic prophylaxis);

1

1

[

q

q

ist of procedural devices (e.g. guidewires, catheters, introducers);
ist of monitoring devices used (e:g. arterial line, pulmonary artery catheter, pulse oxin

echanical circulatory assist devices (e.g. pre, intra, post-procedural), and associated
e.g. ACT, core body temperature, cardiopulmonary bypass time, inotropic support, ca
ime);

adiation dosage) in accordance with the applicable radiation protection standards (sg
45]);
iny changes from original diagnosis;

ardiac occluder system (e.g. type, models, sizes, and serial numbers);

ratory);

ithrombotic

netry);

parameters
rdiac arrest

jmaging modalitiés*(e.g. fluoroscopy, TEE, TTE, ICE, CT, MR), including fluoroscopy time and total

e Reference

any concomitant interventions or procedures (e.g. PCI, cardiac ablation);

elements of procedure, including any adjunctive procedures performed (e.g. contrast volume);

access site and technique (e.g. transfemoral);

assessment of implant site and other relevant sizing measure of patient;

i

mplant position in relation to surrounding cardiac structures;

size, type, implant date and failure mode of previously implanted prosthesis, if applicable;

assessment of handling, visualization, deployment, orientation, implant location and insertion/
withdrawal of delivery system, where appropriate;

© IS0 2021 - All rights reserved
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9

If any of the above data are deemed not npp]ir‘;\h]p, a jncfifir‘:ﬂ'inn shall be prnvidpd

7.4.16.4 Fqllow-up data

number of re-sheathings and recapturing for proper positioning;

procedural complications, including vascular complications, cardiac perforations, malignant
arrhythmias, cardiac valvular damage, device embolization, need for iatrogenic ASD closure
(from transseptal access), bleeding, prosthetic valve interference, coronary obstruction, and other
serious adverse events, that require interventional or surgical conversion;

evaluation of cardiac occluder function by either echocardiography or other relevant imaging and
haemodynamic modalities, or both, as defined in the CIP; at a minimum, any residual device-related
leakage shall be documented.

At a minimyim, follow-up data shall be collected between 30 d and 60 d, at one yeat,"and annjually
thereafter until the investigation is completed. Physical examination of patients is re€commended| The
following evialuations shall be performed at all follow-up assessments unless an adequate risk anglysis
justifies a lg¢ss frequent interval. Depending on the investigational design, additional data colleftion

times can b¢ appropriate.

NOTE Adlditional follow-up intervals can be appropriate to document, eatly or long-term strugtural

dysfunction ¢r non-structural dysfunction.

The following data shall be collected:

a)

b)

‘)
d)

e)
f)

g)
h)

i)

j)
K)
D)

m)

date, method (in person, telephone), location and type @f health care professional performing
follow-yp (e.g. investigator, primary care physician, nursej;

results pf physical examination, if applicable, including specific parameters to be reported;
functionpal assessment (e.g. 6 Minute Walk Test,peak VO,), where appropriate;

device fassessment (e.g. structural integrity, device performance, thrombus deposition)| see
Annex I} the selection criteria for all patients shall be documented in the CIP;

an imaging study shall be performed-on all patients within the first 6 months;

haemodynamic evaluation by ‘Poppler echocardiography, or other relevant methodology| (the
methodplogy chosen should be consistent for consecutive studies, see Annex |);

heart rdte, rhythm and-€enduction abnormalities;
tests for haemolysis+{e.g. plasma-free haemoglobin); other blood tests may be indicated;

status gnd dufation of either the anticoagulant or antiplatelet therapy, or both (e.g. INR history),
if appli¢ablg, including details of the type of medication used (e.g. vitamin K antagonists, direct
thrombjn-inhibitors, Factor Xa inhibitors);

adverse events as specified in Annex I;
date and reason for reintervention (e.g. surgical, percutaneous), Where appropriate;
date and cause of death, where appropriate,

explant analysis and autopsy report, if performed; the autopsy report shall include any evidence of
organ damage from thromboembolism.

If any of the above data are deemed not applicable, a justification shall be provided.
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7.4.16.5 Clinical investigation analysis and reporting

The clinical investigation report shall comply with ISO 14155. The clinical investigation report shall
include information on all subjects for whom implantation was planned (i.e. the “intent-to-treat”
population). For randomized studies, the groups shall include all randomized subjects, even those
who did not receive the implant. Additional analyses shall be performed on the subjects who actually
received the implant. Justification shall be provided for those who were randomized but did not receive
an implant.

Clinical investigations shall be registered on applicable clinical trial websites upon initiation, with
subsequent outcomes reported, including disclosure of both positive and negative results. For both pre-

and postmarketstudies; thefohowing principtesstattbefotowed——————————————

a)

b)

7.4.1

Prolq
unan
adve
acrit
data

The
to a

long-
with
Reas
prold
deta
time
be rd

feports shall state the percentage of follow-up completeness, the reasons for patients’ld
up, and provide a Kaplan-Meyer survival analysis and the total number of patient foll
o permit linearized rate calculations for adverse events;

if investigations have been conducted during follow-up (e.g. echo), the/percentage
feceiving the investigation shall be stated and how they were selected;

efforts shall be made to ascertain the cause of death, including contact with local phy}
atient died elsewhere, obtaining details of any investigations) performed shortly b
nd autopsy data and explant data if available; reliance on-national healthcare databa
ecord that death has occurred might not be sufficientg_a“high percentage of unkno

eath may raise suspicion of device-related deaths.

6.6 Post-market clinical follow-up

nged post-market follow-up is essential incorder to capture long-term data on less
ticipated adverse events, on adverse events which are time-related (e.g. structural d
'se effects on cardiac anatomy) and on:léng-term performance. In cases when the devi
icalunmet need (e.g. rare diseases, congenital conditions), it may be allowed to collect ¢
in the pre-market and post-marketphase.

initial cohort of patients included in pre-market clinical investigations shall continue to
minimum of two years imthe post-market setting. These patients are the best sou

full documentation/and because overall mortality and adverse event rates can bg
pns for removing ifidividual patients from longer-term follow-up shall be documented.
nged follow-up‘mnd avoid the need for re-consenting patients, informed consent t
Is regardingthe planned duration of follow-up in the post-market period shall be obf

ported systematically to allow determination of the device safety profile.

Beyond.the initial pivotal phase cohort of patients, it may be appropriate to obtain

from|

additional users and patients’ representative of the real-world clinical setting. W

st to follow-
bW-up years

of patients

icians if the
efore death,
ses alone to
wn cause of

common or
bterioration,
re addresses
ffectiveness

be followed
rce of valid

term data because they will have been extensively studied in the pre- and peri-operative periods

calculated.
To facilitate
hat includes
ained at the

of initial clinical investigation consent. For devices at risk for late erosions, this complication shall

linical data
hen deemed

appropriate, this shall be performed In a prospectively designed PMCF study and a metho

dology shall

be employed to minimize bias in patient selection (e.g. use of representative sites with all-comers
consecutive enrolment). In addition to collection of device performance data in post-market studies,
follow-up using various registries and administrative datasets can be useful for longer term follow-up.

Follow-up shall be as complete as possible avoiding retrospective self-reporting and reports shall
include follow-up years to allow calculation of adverse event rates, in order to generate evidence
needed for informed clinical and regulatory decision making. If data from individual registries are to
be relied upon for post-market follow-up, pre-use justification regarding the registries' usefulness for
the specific device and procedure outcomes of interest shall be provided along with assessments of
expected data reliability and relevance based on historical registry uses. In addition, there should be
independent verification that all consecutive patients are entered and that all receive the same type
of follow-up at each site. Planned linkages among various registries or administrative dataset sources
may provide more robust long-term follow-up and shall be thoroughly described if planned. Data from
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registry and other specified dataset sources shall be regularly reviewed, and alert mechanisms should
also be in place to trigger additional safety reviews based on pre-specified criteria.

The pre-market and post-market cohorts shall be analysed and reported separately and in aggregate.

The following principles of long-term post-market follow-up apply to the pre-market patient cohort, any
additional patients enrolled within a PMCF study, and to patients in registries:

a) acommon CIP shall be implemented to ensure accurate and complete long-term follow-up which is
crucial in identifying all adverse events and the effectiveness of the device;

b) astatement of percent follow-up completeness shall be provided;

c) follow-y
wherev
postal d

d) follow-y
clinical

follow-y

e) informg

r email questionnaire;

tion on cause of death is particularly important, as emphasizedin 7.4.16.5.

p shall occur prospectively at regular pre-specified intervals on a face-to-fage"pasis
br possible, preferably with an independent physician, rather than telephoneyeontagct or

p shall include physician examination of the patient wherever possibleyand any rel¢vant
hssessments; a structured imaging protocol shall be recommended; the|percentage ofleach
p method shall be documented in the final post-market follow-up report;
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(informative)

Rationale for the provisions of this document

A.1 Rationale for risk-based approach

The yationale for basing this document on risk management is that the traditional requirellnents-based
model cannot keep up with the speed of technological innovation. With the requirements-Hased model,
manfifacturers spend their time looking for ways to comply with the requirements of § particular,
rathér than on developing new technologies that can lead to inherently safer products. The risk-based
model challenges the manufacturer to continually evaluate known and thepfétical risks of the device,
to dgvelop the most appropriate methods for reducing the risks of the devite, and to implement the
apprppriate test and analysis methods to demonstrate that the risks have-been reduced.

This|document combines a requirement for implementing the risksbased model with a ligting of best
practice methods for verification testing appropriate to cardiac occluder device evaluation. The
interlt of the risk assessment is to identify the hazards alonpg \with the corresponding fafilure modes
and rauses to identify the requisite testing and analysis;necessary to evaluate the risk associated
with|each specific hazard. See Annex B for additional details related to this risk-based approach. The
brainstorming, decision-making or documentation progess inherent in risk management provides the
oppdrtunity for the manufacturer to evaluate the bestpractice methods included within this document.
The manufacturer may choose to follow the best practice method as defined within this document, or
may |deviate from the method and provide a scientific justification for doing so. The risk thanagement
file required by ISO 14971 should document these decisions, with rationale.

The |[manufacturer should strive for. continuous improvement in device design as well as test
metHodologies that can ensure safety and effectiveness of a device under variable [operational
envifonments, with less reliance ‘on years of patient experience for evidence of performance or
effectiveness.

To agsure favourable risk to\benefit for medical devices, a risk management process is refjuired. New
riskq can be introduced.-or_detected throughout the product lifecycle, and risks that becoine apparent
at orje point in the lifecycle can be managed by action taken at a completely different point in the
lifecycle. For this reasen, risk management needs to be included throughout the lifecycle from its initial
conception until its-tltimate decommissioning and disposal.

A.2 | Rationale for preclinical in vivo evaluation

The |overall objective of preclinical in vivo evaluation is to test the safety, and in jome cases,
performance of the cardiac occluder system in a biological environment with the closest practically
feasible similarity to human conditions.

The preclinical in vivo evaluation is typically the final investigational step prior to human implantation.
Therefore, it should provide the regulatory body with an appropriate level of assurance that the cardiac
occluder device will perform safely.

No single uniformly acceptable animal model has been established. Therefore, the animal model(s)
selected should be properly justified to ensure the highest degree of human compatible conditions
for the cardiac occluder system pertinent to the issues being investigated. Since chronic studies are
conducted to elucidate delivery system and cardiac occluder performance, biological responses,
structural integrity, and related cardiac pathology, it is preferable to undertake this chronic testing of
the implant in anatomical positions for which it is intended. Modifications to the anatomical structures
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in the preclinical in vivo animal model may be necessary based on how the cardiac occluder implant
configures to the surrounding anatomy and meets its intended purpose post-implantation.

The concurrent implantation of an active comparator device enhances the comparative assessment
by providing a bridge to known clinical performance. In addition, such an approach facilitates the
distinction between the complications related to the active comparator device versus those of the

cardiac occluder device under investigation.

A.3 Rationale for design verification and design validation testing

The purpos

o of r]ncign verification and wvalidation ‘I'nch'ng is to demonstrate that the medical d

cvice

meets the r
and intendd
testing, pre
purport to

occluder dey

equired design specifications and that the design specifications conform with use
d use(s). Verification and validation testing includes materials testing, preclinical b
clinical in vivo evaluation, and clinical investigations. The tests specified henein d
comprise a complete test programme; a comprehensive test programme/for the ca
Fice should be defined as part of the risk assessment activities. Where thé_ manufacty

risk assessment concludes that the safety and effectiveness will be better demonstrated by other

or by modiff

ying the test methods included in this document, the manufacturet should include i

risk assessnpent a justification of the equivalence or superiority of the alternative test or test meth

While an ej
limited scof
manufactur
with consid

A.4 Ratic

Echocardiog
evaluating
modalities
procedures
the clinical
acquire and

A.5 Ratic

The purposg
intended, w
literature o

The clinical
(see Annex |
or the currq

ktensive design verification and validation process may be, required for new devig
e may be justifiable for a modification to an existing cardiac occluder device desig
ng method. The risk analysis should define the scopge‘ef the verification and validg
eration of the current state of the art.

pnale for imaging assessment

raphy and fluoroscopy are presently accepted as practical and available method
human cardiac function and the function of cardiac occluder devices; other img
[such as CT, and cardiac MRI) arelcomplementary. The accuracy of these diagn
depends upon the skill of the opetatér. Therefore, all investigating institutions involv]
bvaluation of a specific cardiac oecluder device should employ the same imaging proto
interpret images (see Annexd).

Jnale for clinical investigation reporting

th complicatien'rates within clinically acceptable performance criteria, based on publ
a control greup.

nvestigation of a cardiac occluder device requires documentation of specified complica
[). A iew or modified cardiac occluder device should perform as well as existing de

eeds
ench
b not
rdiac
rer’s
tests
h the
od.

es, a
n or
tion,

s for
ging
ostic
ed in
rol to

e of the clinical investigation is to determine whether a cardiac occluder system functiopns as

shed

kions

vices

comparing
procedures

or me

of the clinical data in addition to descriptive statistics. Statistical evaluation methods and assessment
criteria of clinical data can be different between the populations studied, including paediatric and adult
study populations. Complications will be reported and evaluated as part of the overall performance
evaluation. In order to establish long term safety and performance of cardiac occluders, post-market
surveillance is also important.

A.6 Rationale for device configuration within labelling and instructions for use
Sizing may be a relevant parameter for some cardiac occluder devices, while some implants may be

configurable in the anatomical location in some way beyond just size designations. The manufacturer
should provide clear instructions (along with either special handling conditions, warnings, or
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precautions, or all) on how to deploy the implant in the intended anatomical location to ensure optimal
functionality. Any changes and interactions that may occur in the surrounding anatomy during the
positioning and after implantation should be presented in the instructions for use.

A7

Rationale for usability or human factors engineering

Instructions for use and training are important and helpful safety features but they may not always
ensure that a user interface facilitates correct use. Manufacturers incorporate usability/human factors
engineering into their overall product development process to identify, assess and mitigate risks
associated with correct use and use errors. Following this process allows manufacturers to improve

devig
user

techpical implementation of the user interface design. For a broader perspective, see IEG/T

It ing
task

interface to achieve adequate usability requires a different process and skill settha

ludes usability as it relates to safety, but also includes how usability relatesto attrib
hccuracy, task completeness, task efficiency and user satisfaction.

ring of the
that of the
62366-26l,
ites such as
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Annex B

(informative)

Transcatheter cardiac occluder hazard analysis example

B.1 General

As part of fthe requirements of risk management per ISO 14971, the manufacturer shall corlnpile
documentatfion on known and foreseeable hazards associated with the cardiac occluder,system in
both normall and fault conditions. Reasonably foreseeable sequences or combinations of events| that

can result i

a hazardous situation shall be considered and the resulting hazardous situation(s) [shall

be recorded. For each identified hazardous situation, the associated risk(s) shall be estimated yising

available information or data.

Table B.1 is

an example that is intended to demonstrate the linkage among-a-few potential hazprds,

foreseeable |sequences of events, hazardous situations and harm for candiac occluder systems] The

example shq
stimulate tH

whn is not intended to be inclusive or applicable to all occluder applications. It is meant to
inking of “where can things go wrong” (see also ISO 14971:2019, Annexes C and E) and

to provide gn example of structured hazard analysis for cardiac gccluders. Other elements comnponly

considered

n hazard analysis include, but are not limited to, hiocompatibility, durability, corrdsion,
visibility, sterility, ability to deploy and withdraw, ability to seal, and MRI safety.

This example combined with probability of occurrence and severity of harm analysis typically leads to
risk mitigatjon activities, such as design changes, upddted product specifications and associated test

methods to Hevelop a medical device with acceptable residual risks.
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Table B.1 — Example hazard analysis for cardiac occluder systems

implanted resulting in poor
occlusion.

blood flow

4) Rupture
5) Pericardial effusion

Hazard Foreseeable Hazardous Harm Risk control Verification of
sequence of events situation measures effectiveness of risk
control measures
The labelling information
is confusing in that it s Implant diameter
unclear whether the label (ur?constrained)
states the unconstrained . Embolic event leading to . . . R
. ) Device . . Maximum radial Design validation
device diameter or the s aortic occlusion . - .
diameters of the occlusion embolization Death expansion force Usability evaluation
Inadefjuate to cover. B(;;{JC““IIS comtent
labellng of The device selected was too /training
intendled use small.
The labelling information 1) Thromboembolic event
diagram shows only_ the Excessive 2) Haemol){sls Labelling content Desigr validation
smallestsize occlusion. radial force 3) Heart failure DFU/trainin Usabiljty evaluation
A device that is too large is 4) Rupture 8 y
implanted. 5) Pericardial effusion
A thrombus is formed
due to alteration of flow Thrombus
Occlugler . . . Implant length at
dynamics resulting from emboli may . . . . .
changes the . . Disabling stroke constrained use Design validation
. the interaction between the |occlude blood .
atrial[blood flow . . Labelling content
device and patient anatomy |vessel.
or physiology.
1) Thromboembdlic event
An oceluder with 2 Heart fire radia forceat
insufficient radial force is Residual leak or Emboljzation force

labelled minimum
constrained state

testing

Inappfopriate 6) Open heart surgery and | Labelling content
occluder radial associated injury.
force
Implant maximum
An occluder with excessive | ;o o orodioh | Pericardial effusion radial force at Radiallforce testing
radial force affects the and ruoturc Fistula labelled maximum ] o
surrounding tissue. P constrained state Desigr] validation
Labelling content
Low heat treatment tem-
perature in manufacturing . .
lead to poor anchor shape Device migrates
. or embolizes Aortic obstruction
setting from intended |Death
Inappfopriate .iAnnicnhSoresC}tliaopne not identified location Thrombo-embolic event i;r;};tant fixation Eer;ltbigl zation force
occluder anchor 'SP ) Device does Disabling stroke §
tissud Device deployedwith . )
. not provide ade- | Death
engadement minimal number of anchors .
gag quate occlusion.
well embedded
Devicetrotates
The.device anchors Anchors perfo- |1) Pericardial effusion Anchor dimensions | Desier validation
penetrate through tissue. rate tissue. 2) Cardiac tamponade 8
Inappfopriate E?frf,;gceu(]ifilovzg}‘//:izzem oD Trauma to 1) Vessel dissection
delivery systém . 2) Vessel perforation Delivery system OD |Desigr validation
; Physician effort to advance |vessel . o
profilp 3) Bleeding complications
leads to vessel trauma
Delivery system too stiff Delivery system | 1) Vessel dlssecthn Material and design | Track force testing
) to track through tortuous perforates 2) Vessel perforation specifications Desien validation
Inappropriate | anatomy vessel 3) Bleeding complications P g
delivery system - -
stiffness The delivery system isnot | Unable to 1) Prolonged procedure | Material and design | Track force testing
stiff enough to allow perform . . PR ; o
2) Device kinking specifications Design validation
controlled access. procedure
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Annex C
(normative)

Packaging

C.1 Requirements

The packagilng requirements of [ISO 11607-1, ISO 11607-2, and ISO 14630 shall apply.

C.2 Cont

hiners

C.2.1 Sterile barrier system(s)

The cardiad
packaged in

been opened, thereby informing the user that the sterility has been compromised.

C.2.2 Pro

Each sterile
the sterile b|

tective packaging

barrier system shall be packaged in protective packaging (sales/storage package) to pr
arrier system(s).

C.2.3 Shipping container

Each outer ¢

in a shippin
and storage

36

occluder device, delivery system (if applicable), and accessories-(if applicable) shgll be
a sterile barrier system(s). It should be readily apparent if the\sterile barrier system has

ptect

ontainer, or number of outer containers\(not necessarily of the same type), shall be paclaged
b container designed to protect the contents under normal conditions of handling, transit
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(normative)

Product labels and instructions for use

D.1 Requirements

D.1.1 General
The labelling requirements of ISO 14630, ISO 20417, ISO 15223-1, and ISO 15223-27shall apply.

Instrfuctions for use and training programmes shall be designed to ensure thatthe user is pfjovided with
inforjmation on handling, implanting or adjusting the cardiac occluder device,land shall be approved and
revigwed as part of the risk and quality management systems. Instructions for use shall meet country-
specific language requirements.

D.1.2 Instructions for use

In addition to the requirements for the instructions for use“in ISO 20417, instructions for use shall
provjde

— gpecific instructions for device preparation (e.g»de-airing, assembly on delivery systerm);

=}
-
<

— gpecific instructions for implanting or usinghe device;

— gpecific instructions for sizing target(mplant site and selecting appropriate deyice size or
¢onfiguration;

— the appropriate MR safety desighation (MR conditional, MR safe, or MR unsafe) and if|the medical
evice is MR conditional, provide the conditions for safe use in the MR environment;

— post-procedure recommendations regarding either patient follow-up or medication, or{both;

— any information or instructions which are intended to be communicated from the phyfgician to the
atient.

D.1.B Labels for-medical records

The manufacturer may provide peel-off, self-adhering labels, or equivalent, with each cardiac occluder
devi¢e that-enables transfer of device information to the appropriate records. If provided, each label
shall| contain: the name or model designation, size or configuration, traceable number (e.g. serial, lot,

batc]\\ aftha cardiaec nccludar davica and manyfact o idontific 1oy

H-e+Re-caFralacocaaeraaevHecea e aRtHacteriaentacation-

The size of the labels shall be sufficient to display the required information in a legible format. Excessive
size shall be avoided. The number of required labels may vary based on individual country policies.
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Annex E
(normative)

Sterilization

E.1 General

The sterilization requirements of ISO 14630 shall apply, together with the following:

For devices|or accessories supplied sterile, sterilization shall occur by an appropriate,méthod and
shall be valjdated in accordance with internationally recognized criteria, as specified’in-1SO 176/65-1,
ISO/TS 17645-2, ISO/TS 17665-3, ISO 11135-1, ISO 11137-1, ISO 11137-2, ISO 11137-3,/ISO 14160} and
ISO 14937. If the manufacturer states that the cardiac occluder device can be re:sterilized pripr to
implantatiof, adequate instructions in compliance to ISO 17664 shall be provided by the manufacfurer,
including vdlidated parameters that have been proven capable of achieving sterility of the device.

For any reysable devices or accessories, the instructions for use shall contain information on the
appropriate| processes to allow reuse, including cleaning, disinfection, packaging, and, where
appropriate} the method of sterilization, and any restriction on thesndmber of reuses.
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Annex F
(informative)

Corrosion assessment

Rationale

bsion of the implantable device components can cause or contribute to device failure.
sion by-products (e.g. metallic ion release) can cause biological and tissue respon
g is performed to assess corrosion susceptibility.

/ types of corrosion mechanisms can act, often simultaneously, on thedevice over
corrosion mechanisms are predominantly related to material properties, surfacs
hfacturing of the component (e.g. uniform corrosion, pitting corrpesion, intergranulaj
s relate more to the device design (e.g. crevice corrosion, galvahie/corrosion) or the
fitions (e.g. fretting corrosion, corrosion fatigue, stress corrosion¢racking). The planniy
n and execution of corrosion tests should ensure that all relevant corrosion mechanisi
actions are identified and assessed to evaluate the dewieg performance during its
h assessing corrosion test results, non-tested parts areruseful in distinguishing betwe
hge and normal variations in surface finish.

|

bsion assessment typically includes a variety of miethods (e.g. electrochemical, metallic
lard corrosion tests developed by ASTM, NACE and ISO address the technical r¢
fied in the test method but can be required'to be modified to appropriately addres
icable to device applications. If a Standard is followed where no acceptance criteria are
nanufacturer shall justify the final acceptance criteria adopted.

See Reference [44].

Introduction

corrosion mechanisms described below are often applicable to materials and
psentative of implantable devices, although other mechanisms are possible. ASTM F
I F3044[17] are 6ftén used and are adequate to assess pitting and galvanic corrosion, 1
ility testing-of complete devices is often used and adequate to assess crevice corros

q

Pitting corrosion

In addition,
bes. In vitro

time. While
p finish and
" corrosion),
operational
g, selection,
ms and their
service life.
BN corrosion

ion release).
pquirements
5 conditions
prescribed,

conditions
p129[15] and
espectively.
ion, fretting
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al lose their

passive state and undergo corrosion attack while the majority of the surface remains unaffected. The
localized corrosion attack creates small craters (pits) which can either rapidly penetrate the material
or provide stress concentration sites and contribute to failure, or both. Pitting of a material depends on
multiple factors, including, but not limited to:

a)
b)

c)
d)

localized chemical or mechanical damage to a protective oxide film;

environmental chemistry factors that can cause breakdown of a passive film such as
high chloride concentrations;

localized damage of a protective coating;

the presence of nonuniformities in the metal microstructure (e.g. non-metallic inclusio
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e) surface finishing processes (e.g. electropolishing or passivation).
NOTE See Reference [42].

The assessment of the pitting corrosion susceptibility of the device is of relevance both for storage
solution and in simulated in vivo conditions. Previous experience with similar devices can be
referenced; however, it is necessary to show the surface chemistries between the comparative devices,
as the materials, design and fabrication processes specific to the device under analysis can reduce or
eliminate the applicability of the comparative device. For example, the pitting corrosion resistance of
nitinol is sensitive to processing variables such as heat treatment, electropolishing, and passivation;
therefore, the pitting corrosion susceptibility of the finished nitinol support structure should be

characterizee:

Pitting corrosion can be assessed by electrochemical methods, such as potentiodynamie~methods
described if ASTM F2129[15],

NOTE Sde Reference [31].

F.4 Crevice corrosion

Crevice corrosion is a form of localized corrosion which occurs in areas where parts of the material are
in contact wjith small volumes of stagnant liquid. In short, the limited mdss transfer within the stagnant
liquid in the crevice creates a deoxygenized zone with increased salt-and acid concentration compared
to the rest of the liquid. This difference shifts the electrochemical petential within the crevice to a more
negative (less noble) value which causes passivity to breakdownrand the onset of active dissolfition
(corrosion).

Crevice corfosion can result from the design of the component or from formation of deposits| that
introduce a [critical crevice. This corrosion mechanism-gecurs mainly, but not exclusively, on matgrials
which are protected by a passive oxide.

Literature ditations or previous experience with similar devices can be relevant. However, a$ the
presence of[critical crevices is strongly relatedto device design, and the material passivity is aff¢cted
by the specific fabrication processes, generic literature might not be applicable. Comparing sufface
chemistries| and crevices can be helpfuls when applying previous experience with similar deyices.
Crevice corffosion may be assessed by using a physiologically relevant solution (e.g. PBS) for durability
testing of the finished device and examining the device for crevice corrosion upon completion df the
test.

F.5 Galvanic corrosion

Galvanic (of bimetalli¢) corrosion is a form of corrosion in which one metal corrodes preferentially
when it is 1%1 electrical contact with a different metal. Enhanced corrosion of the more negative|(less

noble) metal will'be experienced together with partial or complete cathodic protection of the more
positive (mqrenoble) metal.

If the device contains more than one type of metal, such as a support structure with marker bands, the
manufacturer should demonstrate the design’s resistance to galvanic corrosion. The risk of galvanic
corrosion should be addressed at a minimum by theoretical methods, such as the Evans Diagram
and ASTM G82[20], Test methods described in ASTM F3044[17] or equivalent methods may be used. If
overlapping of devices of dissimilar materials is expected during clinical procedures, then the potential
for galvanic corrosion should be addressed.

F.6 Corrosion fatigue

Corrosion fatigue can be defined as a materials failure mechanism which depends on the combined
action of repeated cyclic stresses and a chemically reactive environment. One example is that localized
corrosion-deformation interactions on smooth surfaces act as crack initiation sites at thresholds lower
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than estimated from linear elastic fracture mechanics. The total damage due to corrosion fatigue is
usually greater than the sum of the mechanical and chemical components acting separately.

NOTE See Reference [35].

ASTM F1801[12] outlines corrosion fatigue testing of standard material specimens for medical implant
applications. Corrosion fatigue may be assessed as part of the durability assessment of the device or in
separately designed corrosion fatigue test for the support structure component.

NOTE See Reference [29].

E7

Frett
surfa
is th
oscil
debr

prog

Fretting: Wear, corrosion and fatigue

ing is defined as small amplitude oscillatory motion, usually tangential, betwee
ces in contact. Fretting wear is wear that occurs as the result of fretting actjon. Frettil

h two solid
g corrosion

e deterioration at the interface between contacting surfaces as the result of corrosign and slight

atory slip between the two surfaces, with or without the abrasive effects of corrog
s between them. Fretting fatigue is the process of crack formatien at a fretting (
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of the durability assessment of the device or in separately designed fretting corrosior
ort structure component.

See ASTM E27890141,

Post-fatigue corrosion evaluation

completion of durability testing, specimeng;should be subjected to detailed microsc
ection for any evidence of corrosion. Pitting corrosion testing (i.e. cyclic polariZ
bility testing generally does not prowvide value over the direct evaluation of the
ifactured components.

levices with potential corrosion-modes such as crevice corrosion, galvanic corrosio
e, or fretting, inspect deviee$ after completing mechanical fatigue testing to as
sion has occurred.

See Reference [28]:
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lamage site,
al subjected
assessed as
test for the

ppic surface
ation) after
rorrosion of

n, corrosion
sess if such

©ISO

2021 - All rights reserved

41


https://standardsiso.com/api/?name=c34a7ad574d2a1cc2c5d3f4ce10d1bf4

ISO 22679:2021(E)
Annex G
(informative)

In vitro test guidelines for paediatric devices

G.1 Introduction and paediatric definitions

The majority of cardiac occluders used to treat congenital defects, such as ASD, VSD and PDA and some
of the occludlers apply to adult population, such as PFO and LAA occluders. The devices available ip the
market to tieat congenital defects are designed to treat the paediatric population, but thexe'is a 1qck of
sufficient cljnical literature on haemodynamic indications for paediatric population.

The paediatric population can be generally divided into five groups (newborn, infant, toddler, ¢hild,

adolescent) ps listed in Table G.1 (see Reference [49]).

Table G.1 — Paediatric definitions

G.2 Pulsd

Paediatric Proposed definition
subpopulation
Newborn 0 <A < 30'days

Infant 30 dayss4% 1 year
Toddler 1 year\s A <5 years

Child 5 yedrs < A < 13 years

Adolescent 13 years < A <22 years

A:age

itile flow test conditions

Table G.2 — Pulsatile flow test conditions: left side

Paediatric Systolic Mean atrial pressure| Peak arterial Beat rate Cardiac oufput
subpopulgtion duration (systolic/diastolic) systolic beats/min 1/min
% pressure/low
diastolic
Newboin 50 N/A 85/451 60, 150, 200 0,3;1;1b
Infant 50 N/A 100/551 60, 120, 200 0,5; 2; 3
Toddlelr 45 12 (10-14)2 110/601 60, 100, 160 1,5;3; 4,6
Child 40 16,3 (5-38)°3 120/601 60, 80, 140 2; 3,5;
Adolescent 35 N/A 135/651 45,70,120 2,5,7

NOTE 1 Peak systolic represents 95 % of population from Figures 415-1, 415-2, Nelson Textbook of Pediatrics 17th edition.
ISBN 0-7216-9556-6; edited by Richard E Behrman, Robert MKliegman, Hal B. Jenson, 2004.[51]

NOTE 2 Echocardiography in the Assessment of Left Atrial Pressure After Pediatric Heart Surgery: A Comparison Study
With Measurements Obtained From Left Atrial Catheter Marc Figueras-Coll, MD1, Joan Sanchez-de-Toledo, MD, PhD2,3,
Ferran Gran, MD1, Raul Abella, MD4, Santiago Perez-Hoyos5, and Ferran Rose” s, MD1 g World Journal for Pediatric and
Congenital Heart Surgery 2015, Vol. 6(3) 438-442. [52]

NOTE 3 Cardiology in the Young - Agarwal A, Lam S, Li H, Gorla SR, Sasaki N, Rusconi PG, Swaminathan S. (2018).
Association of left atrial pressure with left atrial volume and N-terminal prohormone brain natriuretic peptide in
children with cardiomyopathy. Cardiology in the Young 28: 1333-1337. doi 10.1017/S1047951118001312 Received: 2 May
2018Revised: 4 June 2018 Accepted: 24 June 2018 First published online: 31 July 2018. [33]
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Table G.3 — Pulsatile flow test conditions: right side

Paediatric Systolic Mean atrial Peak Beat rate Cardiac
subpopulation duration pressure arterial systolic beats/min output
% (max/min) pressure 1/min
(max/min)
Newborn 50 UNK UNK 60, 150, 200 0,3, 1;1,5
Infant 50 11/21 952/ UNK 60,120,200 0,5 2;3
Toddler 45 UNK 120 2/ UNK?2 60, 100, 160 1,5; 3; 4,5
Child 40 UNK UNK 60, 80, 140 2;3,55
Adolescent 35 UNK 38/19 45,70,120 2,5,7

UNK:junknown, values that cannot be found in the current literature.

NOTE 1 Relation of Right Atrial Volume, Systemic Venous Dimensions, and Flow Patterns to Right Atrigl Pressure in
Infanfts and Children Shivani G. Patel, MD, Peter Woolman, MD, Ling Li, MD, PhD, Mary Craft, RDCS,David A
and Jhelby Kutty, MD, PhD, MHCM* Pediatr Cardiol (2016) 37:558-567 DOI 10.1007/s00246-0,1531315-1. [54]

NOTE 2 Right Ventricular Volume Characteristics in Ventricular Septal Defect THOMAS P. GRAHAM, JR., MD., GERALD F.
ATWDOD, M.D., ROBERT J. BOUCEK, JR., M.D., DYKES CORDELL, M.D., AND ROBERT C. BOERTH, M.D. AHA Jojurnals pg 800

Circylation VOL 54, No 5, NOVEMBER 1976[55]

Danford, MD,

G.3

FEA/life analysis conditions

Table G.4 — FEA/life analysis conditions: Left side

Paediatric FEA peak differential Life analysis cycle
subpopulation pressure/CO criterion
mmHg /1/#in equivalent years
Newborn 90/1,5 5
Infant 100/3 7
Toddler 110/4,5 10
Child 135/5 102
Adolescent 160/7 102

a

See Reference [49], says 15 equivalent years, which comes from U.S. FDA.

Fable G.5 — FEA/life analysis conditions: Right side

Paediatric FEA peak differential Life analysis cycle
subpopulation pressure/CO criterion
mmHg/1/min equivalent years
Newborn 40/1,5 5
Infant 40/3 7
Toddler 40/4,5 10
Child 35/5 102
Adolescent 40/7 102

a

Reference [49] says 15 equivalent years, which comes from U.S. FDA.
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Fatigue and durability assessment
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There are multiple fatigue approaches that can be utilized for structural components. The manufac
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ssessment of a cardiac occluder is an integral part of the device risk assessiént, d

he device during in vivo operation.

either material fatigue strength orcrack growth property determination, or both;

ccluder is expected to be durable for hundreds of millions of cardiac cycles,thy
approach is required to demonstrate device durability within a reasonable timefray

and design validation. The durability assessment described in this annex provide
of the likelihood of structural component failure as well as the integrity, of the occl

eral
Fmine and justify the most appropriate fatigue characterization assessment approad
bessment (see Figure H.1) consists of:

nation of in vivo boundary conditions;

strain analysis of the structuraleomponents under simulated in vivo conditions;

safety factor or probability of fracture determination;

ent fatigue demoristration testing.

h for
iral component. Stress-life, strain-life, or fracture mechanics approaches are comnonly
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Key
A determination of in vivo boundary conditions
B  dtructural component stress/strain analysis
C 1tnaterial fatigue strength determination (S-N or -N testing)
D domponent fatigue demonstration
E fatigue safety factor or probability of fatigue fracture

Figure H.1 — Example schematic of a structural component fatigue assessment

H.2.2 Determination of in vivo boundary conditions

The manufacturer should identify and justify the appropriate in vivo loading conditions o which the
strugtural component(s) will be subjected. Deviceloading will depend on the implant sit¢ and device
design, and may include, but is not limited to:

fluidmechanical loads such as

— dlifferential pressures across thelogcluder; reference Annex O for guidance;
— {ransient shear stresses occurring during the cardiac cycle;
solidjmechanical loads;

— ¢ontact loads with.\noving and deforming tissue;

— loads on components in tissue (e.g. hooks, barbs);

:Eads duetoicontact with other devices;

— gelf-contact.

These leads may result in device deformations that may be modelled, if appropriate as

— radial dilatation and compression,

— torsion,

— bending,

— axial tension and compression, and

— linear or transverse compression (e.g. parallel-plate compression, localized compression).

These loading conditions should be considered in the context of anatomic variability and pathologic
changes within the implantation site.

© IS0 2021 - All rights reserved 45


https://standardsiso.com/api/?name=c34a7ad574d2a1cc2c5d3f4ce10d1bf4

IS0 22679:2021(E)

H.2.3 Structural component stress/strain analysis

A stress/strain analysis of the structural components should include the frame and anchoring
mechanisms, if applicable. Other components such as sutures or coverings (e.g. fabric) should be
considered for their reaction loads on the structural components.

Quantification of the stress/strain distribution within the structural component(s) is generally
accomplished via the use of computational methods such as FEA. Critical inputs to a computational
model are component geometry, selection of governing and constitutive formulae, material properties,
and initial and boundary conditions to which the device will be subjected. The analyses should consider
and establish the model input parameter sensitivities and uncertainties such as the effect of in-tolerance

variations ijriTETTSTOS Of TOMMPOTTETtS aTTd ITateT tal SPecTiiiCations oI te eXtTenTuITS 11T Stress/sErain

and a calculpted factor of safety, as appropriate.

The stress/
be subjecteq

any de-couplling or superposition of loading modes should be justified.

The analysq
component{
variation in

Stress/strai
of highest li

The stress/d

stress/d

device f]

deployn
retrievd
— physiol
Symmetry b

The constit
superelastid
all, as apprq

of the actug|l structuiral component, including material processing and environmental exposureg

sterilization

If the modd

crimpinfg or loading onto or into the delivery system;

train analysis should account for the physiologic loading conditions to which the devicg
. It might not be feasible to simulate or test all relevant loading modes comhined; how

s should consider and establish the effect of in-tolerance variations in dimensio
on the magnitude of maximum stress/strain and consider the)effect of in-tolet
material specifications.

h and fatigue analyses should be performed to determine thé\device size and configur
kelihood of fracture for each planned durability test.

train history of the device should include, but is notlimited to:
train condition of materials used for fabrication;

hbrication;

hent;

1 and re-deployment, if applicable;

gic loading conditions.

oundary conditions.may be used to reduce the computational model size when approp

Itive model for each material used in the stress/strain analysis should account for eithe
ity, plasticityyrate-dependent, temperature-dependent or non-linear material behavio
priate. Cofistitutive models should be based on testing of material that is represent]

).

lling approach includes simulating the implantation site, the anatomical geometry

b will
ever,

ns of
ance

htion

riate.

r any
T, or
ative

(e.g.

and

mechanical properties of the implant site should be justified.

Verification and validation of the computational model used to complete the stress/strain analysis
should be carried out such that the model is credible for its context of use (see ASME V&V40[2]). The
verification and validation activities completed should be commensurate with the risk associated with
the use of computational model.

NOTE For guidance on verification and validation, see Reference [8].

H.2.4 Material fatigue strength determination

Material fatigue strength testing can be performed on full devices, representative surrogate test
specimens, actual components (e.g. wire), or sections of components (e.g. extracted cells from the
frame).
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Test specimens should be representative of the actual material in the structural component (e.g.
residual stresses, plastic strains, surface condition, microstructure/defects and associated anisotropy,
transformation temperature), exposed to the environments encountered in clinical fabrication (e.g.
handling), and subjected to steps to which the device will be subjected prior to or during clinical use
(e.g. crimping, loading, deployment, and recapture).

Stress or strain conditions (e.g. alternating and mean, principle directions), censored cycle count,
and test rates/frequencies used for the fatigue strength testing will be justified by the manufacturer.
Testing should be performed in an environment that is representative of the physiological environment
with respect to its effect on fatigue behaviour.

T Es 3 £, £ £ sl fois dato £ s R S + Lo 1d dd losad 1 '
]ustl reatrotrroruse-orfiraterrarratigteaata rronrre Hreratutre-snotraaaaresSS; Dut IS TotTHH] ited to, the

following:

— 1naterial processing, microstructure, composition, impurities, surface condition;

— gpecimen preconditioning, including loading history;

— 1nean and alternating stress/strain ranges used to generate the fatigue ddta;
I:aterial volume at either severe stress/strain conditions or undergeing cyclic change, pr both;

— fest environment (e.g. temperature, test solution, test frequeney);

— dample size used to generate the data;

— flest duration represented by the data.

H.2.p Fatigue safety factor or probability of fatigue fracture determination

Varigtion in fatigue strength can result fromi ‘manufacturing and material variations (e.g. surface
impdrfections, voids, impurities, material property variations). Variation in the stress/strafin condition
of the device will result from dimensional.variation and variation in the in vivo boundary conditions.
Detefministic or probabilistic approaches’that account for these variations may be employed for fatigue
resisftance determinations based on risk analysis.

For the deterministic approachs.the fatigue safety factor should be computed based on a lower bound
matgrial fatigue strength estimate and an upper bound structural component stress/strain estimate.
The kelection of the upper, and lower bounds along with the method by which the saf¢ty factor is
computed should be jusfified by the manufacturer.

For the probabilisticyapproach, the distributions of the fatigue strength and the stress/strain should
be utilized to cormpute the likelihood of fatigue fracture using reliability methods (e.g. str¢ss-strength
interfference maedelling).

Fatigue tofracture testing of the device or device components may be used to validate fhe mode of
failure;fracture location and fatigue factor of safety model.

NOTE See ASTM F32110122],

H.3 Durability of the occluder implant

H.3.1 General

Accelerated durability testing should be conducted to demonstrate the durability of the structural and
non-structural components of the cardiac occluder. Testing should be done under appropriate loading
conditions. These demonstrations may be performed together in a single test or in separate tests. When
appropriate, multiple demonstration tests may be used if there are multiple loading conditions.

Durability testing is typically accomplished by treating the associated results as attribute data (i.e.
pass/fail) with sample sizes based upon target reliability and confidence levels. Fatigue-to-fracture
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approaches (see ASTM F3211[12]) may be used to supplement durability demonstration testing. Test
rates/frequencies used for the durability testing should be justified by the manufacturer. Testing should
be performed under appropriate loading conditions in a test medium at a temperature representative
of the physiological environment. Testing should be performed to a minimum of 400 million cycles. A
clear definition of “failure” should be established prior to testing and be consistent with the specific
hazards identified by the risk analysis. If the occluder is intended for implant in multiple positions
or configurations, or is available in multiple sizes, testing may be conducted in the clinically relevant
challenging conditions.

H.3.2 Sample requirements

Samples shall comply with the requirements of 7.2.2.2.

h the
nded

The implant shall be deployed simulating the loading and deployment steps in accordanee wit
[FU, and appropriately placed into the test apparatus to simulate the device placement atyth€é inte
location.
risk

The sample|size should be determined based on the target reliability or confidence lévels per thg

assessment,

H.3.3 Test apparatus requirements

The equipmlent and test procedures should be appropriate for the occluder’s intended indication
adult or papdiatric, anatomical position). The test fixture should“be representative of the cr
aspects of the target implant site, deployed size, and shape for the intended patient population. Thg
fixture design should be justified by the manufacturer.

(e.g.
itical
b test

s the
ired.

able, the pressure measurement system used to measure the pressure difference acros
uld be appropriate for the cycle rate being teésted and pressure waveform being meas

When applig
occluder shg

Minimum a(
or +0,65 kP
the system
achieved. TH
(e.g. buffere

H.3.4 Tes

The deform
at the test fi
design and
test frequen
occluder. W
applied.

curacy for the maximum differential pressure measurement should be the lesser of +
h (5 mmHg), unless otherwise justified/The locations of the pressure transducers w

should be appropriately justified 40~ ensure that the differential pressure targets

le test system should be capableofiaccommodating the physiologic representative test
d 0,9 % saline solution) and maintaining thermal stability of 37 °C + 2 °C.

[ procedure

htion of the test spec¢imen should be verified throughout the test period to be as inte
requency. The testCycle rate should be established based on the device and test appa
materials of construction, as these can influence the results of durability tests. Speci
cy without €onsideration to material response may result in unsatisfactory loading d

10 %
ithin
are
fluid

nded
ratus
fying
f the

hen applicable, differential pressure conditions across the occluder (see Annex 0) shoulld be

The durabilIty assessment should focus on relevant aspects of the occluder (e.g. support strug

attachment

ture,

to’ the support structure, interactions between the occlusion component and support

structure). This assessment is completed by inspection of the test occluders for damage to these
relevant aspects. The failure modes considered and the acceptance criteria for the test should be
determined based upon the risk assessment and defined in the protocol prior to execution of the
test. Occluders undergoing cyclic durability testing should be monitored at intervals (e.g. 50 million,
100 million, 200 million, 400 million). After completion of durability testing, specimens should be
subjected to detailed inspection for any evidence of structurally relevant changes (e.g. wear, fabric tear,
suture hole elongation, debonding, suture fraying, microcracks or plastic slip lines in critical fatigue
regions, corrosion, and fractures). A detailed description of the appearance of the occluder should be
documented prior to and at the completion of testing.
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5 Testreport

The durability report should include:

a) alistof the devices used to conduct the testing;

b) adescription and dimensions of deployed occluder configuration;

c) ajustification for the sizes and configurations tested;

d) ajustification for the reference occluder (if used);

e)
f)
g)

h)
i)
j)
k)
D)

m) 4n appraisal of the significance of the obServed damage;
n) if the occluders met the acceptance.ériteria;

0) an overall conclusion regarding the accelerated durability of the occluders tested.

H.3.

Fatigue demonstration testing of the structural components (e.g. frame, anchoring compon
nducted under appropriate fatigue loading conditions. Component fatigue demonstrgtion testing
pically accomplished via attribute testing methodologies with sample sizes based jupon target

be cq
is ty

Justificattonm for cycie rates used;
he pass/fail criteria and justification for the acceptance criteria;

description of the test fluid (e.g. biological origin or chemical components, temperatu
H, and specific gravity under the test conditions);

escriptions and specifications of the test apparatus;

ither references to or descriptions of, or both, any procedures\used in order to c
ssessment;

list of pertinent test conditions and their justifications (e:g.torsional, bending, axial, ¢
ads);

ocumentation of displacement or deformation of the 'occluder;

re, viscosity,

pmplete the

rush applied

detailed description and images of the appeararice of the occluder at the prior to testimg and at the

efined inspection intervals;

b Component fatigue demonstration test

reliapility and confidence levels. Fatigue-to-fracture approaches (see ASTM F3211-17[19])
to supplementfatigue demonstration testing. Test rates or frequencies used for the comp

testi
is re
clearn

nts) should

ay be used
ent fatigue

hg will-be’justified by the manufacturer. Testing should be performed in an envirgnment that
presentative of the physiological environment with respect to its effect on fatigue behaviour. A
definition of “failure” should be established prior to testing and be consistent with rgspect to the

£ A | dola) ad deads o 1 1 4]l - | 1 H
Specarcrature NMroae(S) TacItiIea Oy tire TTSKaltary sts:

A stress/strain analysis of the component testing should be performed to demonstrate that testing is

repr

esentative of the in vivo stress/strain distribution.

After completion of component fatigue testing, specimens should be subjected to detailed inspection
for any evidence of notable events (e.g. microcracks in critical fatigue regions, corrosion and fractures).
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Annex I
(normative)

verse event classification during clinical investigation

I.1 General

The manufa
transcathet
signing the

the manufad

cturer shall ensure that investigators evaluate and report all adverse events related t
br cardiac occluder system, for all study subjects, from the time the subject is enrolled
nformed consent form) to the end of the follow-up period. When reporting advefse ev
turer shall clearly identify how events are classified and reported.

1.2 EvalJl

The manuf
serious hea
and commu
other applic

1.3 Data

The manufaq
observed ad

a) dateof

b) descrip
c) serious)
d) presum
e) treatmgq
f) outcom

ation

cturer shall develop pre- and post-market systems to ensurethat all adverse event:
th threat, serious adverse device effects and device defici€ncies) are received, evall
hicated to interested parties without unjustified delay in\accordance with ISO 14154
pble regulations.

collection requirements

cturer shall ensure the following informatien‘is documented on a case report form, f
verse events:

bnset or first observation;

fion of the event;

ness of the event;

ptive causal relationship_of the event to the device, procedure or patient condition;
nt required;

b or status of the event.

Each AE sh

o the
after
ents,

(i.e.
jated
and

br all

o the

1.4 Adv:i'se events
1

I'be'defined and categorized as either a SAE or non-serious adverse event according t

definitions ir¥S034455-

To provide context to ISO 14155 in terms of SAE definition, “life-threatening” indicates that unless a
medical or surgical intervention takes place, the event is highly likely to lead to death in the near future.
In this context, “medical intervention” includes a change in medication.

.5 Adve

rse device effects

Each ADE shall be defined and categorized as either a SADE or a non-serious adverse device effect in
accordance with the definitions in ISO 14155. Serious adverse device effects are further categorized as
anticipated or unanticipated.
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To provide context to ISO 14155 in terms of definition, adverse device effects are adverse events related
to the use of an investigational medical device. Therefore, adverse device effects are a subset of adverse
events.

1.6 Device deficiencies
Device deficiencies shall be reported as required by ISO 14155.

To provide context to ISO 14155 in terms of definition, the term device deficiency shall be used for
incidences that did not result in an adverse event but have the potential to lead to an adverse event.

Exa p]nc of device deficiencies include but are notlimited to frame fractures and device. igration'

1.7 | Classification of causal relationships

Aftef establishing that an AE has occurred, causal relationship shall be deterngined in reference to the
devige, the procedure, or the patient’s condition. Some events may be related\to,more than gne category
and ghould be reported in each category. In some cases, the AE may be caused by something other than
the device, the procedure or the patient’s condition.

Devife-related: any AE involving the function of the transcatheten cardiac occluder system, or the
presence of the device in the body. Included in this category are€vents that are directly dttributed to
the device.

Procgdure-related: any AE that results from the implant procedure. Events in this categorylare directly
related to the general procedural sequelae.

Patignt condition-related: any AE that results from.the worsening of a pre-existing conditi¢n or cannot
be atitributed to the device or procedure.

Othefr: any AE that cannot be assigned to any.of the above three causes. It is important that|every effort
is mdde, including timely use of imaging-and other investigations where appropriate, to dftermine the
cause.

In agldition to establishing thistcausal relationship, the probability of relationship shall also be
established by categorizing themas either definitely, possibly or not related to the devic¢, procedure
or pgtient condition. In the casg of thromboembolic events that occur in patients with atrial fibrillation,
in which it is usually impossible to ascribe causality with certainty, the event shall be asdribed to the

For fandomized control trials, an independent, multi-disciplinary committee of qualified experts
(DSMB) shall adjudicate causality to assign the specific cause of an adverse event. Use df a DSMB is
encoliraged foryregistries. Formal adjudication of adverse events is intended to manage the ambiguity

1.8 C(lassification of adverse events

1.8.1 General

Anticipated adverse events shall be established based on the risk analysis for the specific technology.
Risk analysis as defined by ISO 14971 is a systematic approach that uses available information to
predict device-related hazards to estimate risk. ISO 14155 requires that the risk analysis shall include
or refer to an objective review of published and available unpublished medical and scientific data and
that the residual risks, as identified in the risk analysis, as well as risks to the subject associated with
the clinical procedure required by the CIP be balanced against the anticipated benefits to the subjects.
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Anticipated adverse events identified via the risk analysis shall be clearly specified in the CIP prior
to the initiation of the study. Unanticipated adverse events that occur during a clinical investigation
that were not identified in the risk analysis shall be recorded as such and the causality appropriately
adjudicated.

NOTE Riskis defined as the combination of the severity of the harm (or adverse event) and the probability of
the occurrence of harm (see 3.25).

For the incidence of AEs to be compared between study cohorts or with historical data, it is important
that the same definitions and methods of data collection are used. The most recent definitions of
specific adverse events (e.g. see Reference [47]) shall be used for data collection on events throughout

Potential adjverse events identified by the risk analysis that are not included in the published guiddlines
shall be defined based on relevant or contemporary references.

Examples of adverse events that shall be reported are provided below. This list is not intended to be all-
inclusive buft representative of adverse events associated with cardiac occluder systems. Some eyents
may potentially have more than one causality.

1.8.2 Examples of adverse events

a) Complidations associated with vascular access (any of the following events with onset <7 d jafter
the progedure; see Reference [47]):

— local permanent vascular damage leading to stenosis, aneurysm, embolism or limb ische¢mia,
perfpheral ischemia/nerve injury with clinical symptems lasting >24 h or requiring suifgical
reppir;

— hematoma at access site >6 cm;
— retyoperitoneal hematoma;
— art¢riovenous fistula;

— artgrial complications (either, thrombosis, stenosis or distal embolization, or all, with clinical
ischemia, perforation, dissection, aneurysm, pseudoaneurysm);

— venus complications (venous perforation, dissection, laceration);

— synrptomatic peripheral’ischemia/nerve injury with clinical symptoms lasting >24 h;
— vasfular surgicalor non-surgical repair at catheter access sites;

— major bleeding'(see Reference [36]);

— pulmonary embolism;

— venousthr u1ubup}1}cbitia,
— ipsilateral deep vein thrombosis;

— wound infection or access site related infection requiring intravenous antibiotic or extended
hospitalization;

b) events associated with cardiac damage:
— coronary artery compression;
— cardiac perforation, including unplanned septal perforation, with or without tamponade;

— cardiac tamponade, including late tamponade;
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valve damage or damage to surrounding cardiac structures;
clinically relevant atrial septal defect;

new arrhythmia, other than very transient;

new or worsened conduction disturbance;

cardiac arrest;

myocardial infarction;

d) ¢

e) Jpotential device-related events:

bvents associated with implantation procedure:

bvents associated with other organ damage:

1 3 .. 1 . 1
I0VV Cdluldat Uutput IrTyulIl iy HITUIIAItdr Suppul ‘l:,

conversion to surgery,

obstruction to transvalvular flow;
device malposition;

device migration or embolization;
stroke or other embolism, including coronary embolism,)during the procedure or within 24 h;
necessity for re-intervention during the initial procedure;

obstruction or thrombosis of the coronary sinus;

acute kidney injury;

respiratory failure;

liver failure;

septicaemia;

haematological disorders, for example, DIC, HIT;

pulmonary embolism;

haendolysis;

device-related infection, infective endocarditis or pericarditis;

........... 5

stroke or other embolism, including coronary embolism, not clearly associated with the occluder
implantation procedure;

major bleeding;
device erosion;

transcatheter or surgical reintervention to repair, alter, adjust, reposition, retrieve or replace a
previously implanted device (due to initial procedure);

clinically significant device interference with surrounding structure (circumflex coronary
artery, mitral valve, pulmonary artery, pulmonary vein);
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— device fracture;
— device perforation or laceration;

— device-related allergy.

1.9 Follow-up of SAEs

Any SAE shall be followed until it has resolved or in the investigator’s opinion it is no longer clinically
relevant, and long-term outcome shall be reported.
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Annex |
(informative)

Imaging protocol

General

J11
assed
prac
occly

CT,C
and
infea

Imag

J.1.2
appl

condlli

J.1.3
train

prot¢col objectives. The protocols should,include procedures for assuring the quality of t

data

].1.4
part)
upon
imag
bias,
a wr,
each

J.1.5
recoj
stud)

MR and cine angiography are imaging modalities that can provide additional anatomic
haemodynamic information. PET is a useful imaging technique id-the investigation (
tive endocarditis and to interrogate myocardial metabolism or physiology.

Echocardiography (e.g. TTE, TEE, ICE) is the standard imaging modality~for
sment of cardiac defects and occluders, both for research or regulatory studies a

der, but also the effects on cardiac function.

ing prior to the implant (CT, TEE, MRI), may be useful in prezprocedural planning.

Imaging facilities should be equipped with systems.that have been validated for t
ations in the assessment. They should also utilize personnel that have been specifical
ct the required assessments.

Studies should be performed according’ to defined protocols. Additionally, st
ing should be conducted prior to the study to ensure that all involved personnel clearly

When applicable, particularly in the case of the evaluation of primary study object
F “Core Lab” should be utilized to evaluate imaging studies. The Core Lab should be sel
its experience in conducting these types of evaluations as well as special expertise in
ing modality. Utilization of a Core Lab can improve overall study quality by elimin
standardizing grading techniques and improving individual assessment quality. Th
tten agreement‘between the sponsor and core laboratories which defines the respo
party in the elinical investigation, signed and dated by all parties involved (see ISO 14

the routine
in clinical

ice. This evaluation includes not only an assessment of the structure, position’and furfction of the

physiologic
f suspected

he intended
y trained to

udy-specific
understand
he acquired

ives, a third
ected based
the selected
hting centre
ere shall be
hsibilities of
155).

d soon after

Imaging studies should be recorded and archived for review. Data should be reviews
rdingia-study so that deviations from the protocol can be detected early and, if necess

imag

/ cah be performed. A high level of interpretability is essential for unbiased data. A s
. . . . d : 0

and the percentage of images which were poor, inadequate or uninterpretable.

J.1.6

J.1.7

©ISO

ry, a further
atement on
e selected),

Centres should minimize the number of operators performing the required exams and also
the number of different machines used. Likewise, Core Labs should limit the number of observers
evaluating studies.

For longitudinal analysis, consistent imaging methods and protocols should be used for
comparison at specific time points. For example, TTE should not be mixed during any individual follow-
up time-point. Likewise, protocol-specified images collected should remain consistent throughout the
course of the study.
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Annex K
(informative)

Clinical investigation endpoints for transcatheter cardiac
occluders: Suggestions for endpoints and their timing

K.1 Gene€

Due to the Y
are only mi
and benefit
for clinical |
investigatio
the investig
registries re

Endpoints r
as mortality
into safety g

K.2 Single endpoints

K.2.1 Gen

The clinica
endpoints.

K.2.2 Safe
These endp

mortali

all-
car

nomn

ral

Fast variety of occluders, indications and patient populations, the endpoints listed h
nimum requirements and not an exhaustive list. Endpoints should reflect patient s
such as living longer, feeling better or functioning better. Validated surkogate endp
penefit have a place in the investigation design to increase the information gained |
h and to possibly decrease the sample size needed and the length of time require
ations. The ability to compare clinical investigations and to create useful observat
quires the use of standardized definitions of endpoint componets.

bported at specific times should be prespecified and justifiedy'Some possible endpoints,
, can be considered both a safety and effectiveness endpdint. The endpoints are diy
nd effectiveness endpoints.

eral

investigation should follow the most recent guidelines for safety and effectivg

bty
ints for safety should bg ¢onsidered, at minimum:
Ly

Cause mortality,

liovasculafimortality,

-cardiovascular mortality, and

brein
hfety
pints
y an
d for
ional

such
rided

tNess

n the

pro

cédural mortality (30 d (unless otherwise justified) from procedure or discharge frof

hospltal, whichever 1s longer);

neurolo

56

gical events:

stroke,

stroke severity,

— non-disabling stroke,
— disabling stroke,
stroke classification,

ischaemic,
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Addifional safety endpoints shoiild be considered based upon the patient population, the iny
design and the device.

The

population, the investigational design and the device. Other performance or effectivenes
may be selected as@pplicable.

K.2.

Thesle endpoints for performance and effectiveness should be considered, at minimum, to i
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— haemorrhagic, and
— transient ischaemic events;
systemic thromboembolism;
acute kidney injury;
myocardial infarction;

device events:

embotization;

+ malposition,

+ loss of structural integrity, and
1+ thrombosis;

infective endocarditis;

access site events:

4+ major access site events, and
+— minor access site events;
bleeding:

+ major bleeding, and

— minor bleeding;
lhaemolysis;

gevere conduction disturbances,‘including new permanent pacemaker implantation.

following performanee or effectiveness endpoints should be considered based upon|

B Performance and effectiveness

estigational

the patient
s endpoints

hclude:

tesidual leak:

patient functional status (e.g. New York Heart Association class);

patient reported outcomes (e.g. Kansas City Cardiomyopathy Questionnaire, EuroQ
Outcomes Study Short Form - 36, Short Form - 12), when applicable;

thromboembolic events.

OL, Medical

Continued evidence of device success should be present at the time of primary effectiveness endpoint
assessment to support the determination that any observed clinical benefit was due to the implanted
device.
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K.3 Composite endpoints

The choice of the components of the composite endpoints depends on the device used, the patient
population, and the design of the investigation. Abbreviations such as MACE (Major Adverse Cardiac
Events) should be specified or defined because of the lack of universal agreement on the components of

this safety e

ndpoint.

Most of the time composite endpoints are not hierarchically ranked as to their clinical importance
or their frequency of occurrence. Therefore, a relatively less clinically important endpoint can
disproportionally influence the results of an investigation. For example, a common composite endpoint
in invasive dev1ce lnvestlgatlons is death stroke and bleeding. It is p0551ble that an 1nvest1gat10n with

this compos
increased d
endpoint, es|
is not recom

K.4 Timi

The selectid
evaluating
the type of d
may have a
common te(
with untest

eath and stroke rates. The use of a single CompOSIte clinical safety and effectlve
pecially when the individual components of safety and efficacy move in opposite\directi
mended.

ng of endpoints

n of the time at which the primary endpoints in a study are.€¢valuated is criticd
oth safety and effectiveness. The time depends on the patient pdpulation studied as w|
evice and the intended use of the device. A patient populatioiwith a limited life expect
shorter time for the primary endpoint that a younger, healthier population. A device
hnological characteristics can have a shorter endpoint time than a life-sustaining d
ed technology. A study that has separate safety and“effectiveness endpoints may

different tinhes for evaluation of these endpoints. Procedural endpoints are commonly assessed af]

or when the

Patients shd
collect all ey
an analysis

patient is discharged from the hospital, whicheveris longer.

uld be consented for the full duration of the study follow-up. In addition, studies s}
ents during the full duration of the study fellow-up, not only first events, and should pr
bf the intervention using both linearized-rates and Kaplan-Meier analysis.

featly
ness
ions,

| for
ell as
ancy
with
bvice
have
30d

jould
psent
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