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Foreword

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

This document has been prepared for transcatheter heart valve substitutes with emphasis on providing
guidance for in vitro testing, preclinical in vivo and clinical evaluations, reporting of all in vitro,
preclinical in vivo, and clinical evaluations and labelling and packaging of the device. This process is
intended to clarify the required procedures prior to market release and to enable prompt identification
and management of any subsequent issues.

This document is used in conjunction with ISO 5840-1 and ISO 5840-2.
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Cardiovascular implants — Cardiac valve prostheses —

Part 3:
Heart valve substitutes implanted by transcatheter
techniques
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Scope

document is applicable to all devices intended for implantation as a transcatheter
titute.

t valve substitute to be implanted.

anscatheter heart valve substitute through risk management. The selection of

de those to assess the physical, chemical, biologicalyand mechanical properties of
titutes and of their materials and components. The tests can also include those for p
evaluation and clinical evaluation of the finished®eart valve substitute.

b-existing prosthetic device (e.g. valye-in-valve and valve-in-ring configurations).
Normative references
titutes requirements-of this document. For dated references, only the edition cited

b840-1:20215Lardiovascular implants — Cardiac valve prostheses — Part 1: General requ
| 0993-2;.Biological evaluation of medical devices — Part 2: Animal welfare requirements

| 4155} Clinical investigation of medical devices for human subjects — Good clinical practic

heart valve

document is applicable to transcatheter heart valve substitutes and_to the access¢ry devices,
aging and labelling required for their implantation and for determining the appropriate size of

document establishes an approach for verifying/validating” the design and manpufacture of

hppropriate

ication/validation tests and methods are to be derived<rom the risk assessment. The tests can

heart valve
reclinical in

document defines operational conditions-and performance requirements for transcatheter heart
e substitutes where adequate scientific andy/or clinical evidence exists for their justificgtion.

document includes considerations fofimplantation of a transcatheter heart valve substitute inside

following documents-are referred to in the text in such a way that some or all of their content

hpplies. For

ited references, thelatest edition of the referenced document (including any amendments) applies.

rements

N

ISO

14650, Non-active surgical implants — General requirements

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

IEC 62366 (all parts), Medical devices — Application of usability engineering to medical devices

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 5840-1:2021 and the
following apply.

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

— ISO Online browsing platform: available at https://www.iso.org/obp
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3.1

[EC Electropedia: available at http://www.electropedia.org/

acute assessment
intra-procedural and immediate post-procedural results used to assess in vivo safety and performance

Note 1 to entry: All animals entered into acute, short-term assessment will remain under general anaesthesia for

the duration

3.2

of the study.

chronic assessment

long-term r,

sults Fr\”nmring the pr‘nr‘nr]nrn used to assess chronic in vivg c:\ﬁ:fy and pnrfnr‘m:\nmn after

the animal

nas recovered from anaesthesia

Note 1 to enffry: The endpoints and durations of these studies should be determined by risk analysist

3.3

delivery af
anatomical
transseptal

3.4
delivery sy
catheter or

3.5
device mig

proach
access used to deliver the implant to the implant site (e.g. transfémoral, transap

stem
pther system used to deliver the implant to the implant site

ration

ical,

detectable fnovement or displacement of the heart valve substitute from its original position within the

implant pog

3.6
loading
crimping
process to
the valve (i
either duriy

3.7
neo-LVOT
neo-left ve
region bety
septal wall,

ition and without device embolization

hffix or attach a transcatheter heart valve substitute onto a delivery device and coll
e. reduce its diameter) for insertion via the delivery system (3.4) (e.g. catheter), perfor
g manufacture or in the clinie

htricular outflowd®ract
veen native antérior mitral leaflet/ transcatheter mitral valve implantation (TMVI)
proximal to the aortic valve (see Figure 1)

apse
med

and
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Key

B W N R

3.8
neo
regi

MVI $\
hative anterior mitral leaflet (%)
heo-LVOT \\s\
septal wall $

sinus

Figure 1 — Neo-l{/lg‘l'oformation behind a mitral leaflet
O

bn between implanted tr;@cheter aortic valve leaflet and native aortic leaflet/leafle
biopfosthetic valve (see Fi 2)

L of existing
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heter aortic valve implantation (TAVI) leaflet

Key

1 transcat]

2 native ldaflet
3 neo-sinys

4 native sinus
a

The arrd

3.9

reposition]
change in i
transcathet

3.10
retrieval
removal of
technique

3.11

transcathe
implantablg
instruction

w indicates the direction of the forward flow.

Figure 2 — Neo-sinus formation behind an aortic leaflet

ng
mplant position of a partially- or fully-deployed transcatheter heart valve substitute |
er technique, possibly requiring full or partial recapturing of the device

a partially- or fully-deployed transcatheter heart valve substitute via a transcath

ter heartwvalve system
b tramscatheter device, delivery system (3.4), accessories, packaging, labels
s foruse

yia a

eter

and

3.12

valve-in-ring

implantatio

3.13

n of a transcatheter heart valve substitute into a pre-existing annuloplasty ring

valve-in-valve

implantatio

n of a transcatheter heart valve substitute into a pre-existing heart valve substitute

4 Abbreviations

For the purposes of this document, the following abbreviations apply.
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AE
AWT
CIP
COF
CT

ECG

ISO 5840-

adverse event
accelerated wear testing
clinical investigation plan
chronic outward force
computed tomography

electrocardiogram

3:2021(E)

EOA
[FU
LA
LAA]
LV
LvoT
MRI
MR
PM(F
PVL
RMS
SAE
TAV

TEE
TMVI

TTE

Viv

effective orifice area
instructions for use

left atrium

left atrial appendage

left ventricle, left ventricular
left ventricular outflow tract
magnetic resonance imaging
mitral regurgitation
post-market clinical follow-up
paravalvular leakage

root mean square

serious adverse event

transcatheter aorti¢valve implantation [also known as transcatheter aortic val
replacement (TAVR)]

transoesophageal echo

transcatheter mitral valve implantation [also known as transcatheter mitral va
replacement (TMVR)]

transthoracic echo

valve-in-valve

ve

[ve

ViR

valve-in-ring

5 Fundamental requirements

See ISO 5840-1:2021, Clause 5.

6 Device description

6.1 General

See ISO 5840-1:2021, 6.1.
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6.2

Intended use

See ISO 5840-1:2021, 6.2.

6.3 Design inputs

6.3.1 Operational specifications

See ISO 5840-1:2021, 6.3.1.

6.3.2 Perlfformance specifications

6.3.21 G

See ISO 584
listed in 6.3

pneral

10-1:2021, 6.3.2 for general requirements. Specific transcatheter system régairement;
2.2 to 6.3.2.4. See Reference [18] for information relevant to TMVI.

6322 T

The design
take into ad

a) thevisi
b) the deli
6.3.2.3 Ir

The intende
to the folloy

ranscatheter heart valve system

attributes to meet the intended performance of the transcatheter heart valve system
count at least the following:

bility of the transcatheter heart valve system under fluoroscopy or other imaging modal

verability and implantability in the target populatiom

hplantable device

d performance of the transcatheter heartvalve substitute shall include, but not be lin
ving:

are

shall

ties;

1ited

a) the ability to be consistently, accurately.and safely loaded onto the delivery system;

b) the ability to be consistently, accurately and safely deployed;

c) the ability to be safely retrieved-and/or repositioned (if applicable);

d) the ability to ensure effective fixation or anchoring within the implant site;

e) the ability to maintain.Structural and functional integrity throughout the anticipated lifetime of
the devjice;

f) the ability to conform or interact with anatomical structures within the implant site (e.g. i} the
aortic gositien;.there is potential for interaction with the coronary ostia, the anterior mitral lepflet
and thg conhduction system; in the mitral position, there is potential for interaction with the aprtic
root, LA, TAA, LVOT and the subvalvular apparatus);

g) the ability to conform or interact with previously implanted device (e.g. surgical valve, annuloplasty
ring, transcatheter valve, valve docking device), if applicable;

h) the ability to allow forward flow with an acceptably small mean pressure difference in all
anticipated configurations;

i) the ability to prevent retrograde flow with acceptably small regurgitation, including paravalvular
leakage;

j)  the ability to resist migration and embolization;

k) the ability to avoid haemolysis;

1) the ability to resist thrombus formation;

6 © IS0 2021 - All rights reserved
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m) biocompatibility;
n) the ability to maintain its functionality and sterility for a reasonable shelflife prior to implantation;

o) reproducibility of function.

6.3.2.4 Delivery system

In addition to the requirements in Annex D, the design attributes to meet the intended performance of
the delivery system shall include, but are not limited to, the following:

1. alilites o o onaoo it Boilakarnt yakra o d oo o dals 3 wlo oo ot oo 1
a) TIC—aDITICy CO~ PCTTITC COTTSTSTCTTG, acttuT atC—alTt Sdrc—atCes S, aCTIveT Y, PraCtCtITeIc ana uc )10yment Of

Lhe transcatheter heart valve substitute to the intended implant site;
b) the ability to permit consistent and safe withdrawal;

c) the ability to resist haemolysis;

d) the ability to resist thrombus formation;

e) the ability to resist blood loss (haemostasis);

f) fhe ability to recapture, retrieve, reposition and/or remove the transcatheter heart valve substitute
(if applicable);

g) the ability to resist particulate generation.

6.3.3 Implant procedure

See ]SO 5840-1:2021, 6.3.3.

6.3.4 Packaging, labelling and sterilization
See ]SO 5840-1:2021, 6.3.4.

The | manufacturer shall provide information and guidance (e.g. imaging modalities [and sizing
prodedure) in the labelling to allow for appropriate preparation of the implant site (g.g. balloon
valvploplasty), selection of appropriate implant size and implantation of the transcatheter|heart valve
subgtitute. The manufactuser shall also provide MRI compatibility information in the labelljng.

Annex A contains aclist”of terms that may be used in describing transcatheter heart vjlve system
components.

6.4 | Design outputs
See 1SO46840-1:2021, 6.4. See Reference [18] for information relevant to TMVI.

6.5 Design transfer (manufacturing verification/validation)

See ISO 5840-1:2021, 6.5.

6.6 Risk management
See IS0 5840-1:2021, 6.6.

Annex B contains a hazard analysis example specific to transcatheter heart valve substitutes that can
serve as the basis for a risk analysis.

© IS0 2021 - All rights reserved 7
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7 Design verification and validation

7.1 General requirements

In vitro assessment shall be used to mitigate the risks identified in the risk analysis. General
requirements that are applicable to all heart valve systems are provided in ISO 5840-1:2021,7.1. Specific
considerations for transcatheter heart valve substitutes are provided in this document. See Reference
[18] for information relevant to TMVI.

7.2 Invitro assessment

7.2.1 Gerleral

The requirgments shall be as specified in ISO 5840-1:2021, 7.2.

7.2.2 Test conditions, sample selection and reporting requirements

The requirgments shall be as specified in SO 5840-1:2021, 7.2.2.

For transcljtheter valves, the steps of crimping or loading the implant inte/onto a delivery catheter
and tracking through simulated delivery pathways shall be followed iri-accordance with the [FU|The
implant shgll be maintained in the crimped configuration for a duration that mimics the worst{case
expected cljnical procedure time. If retrieval and repositioning is«indicated for the implant in the|IFU,
the maximym allowable number of re-sheathing/recapturing andydeployment cycles specified shdll be
simulated. Any deviations of the test articles from the finished-device shall be justified. The test artiicles
selected shill fully represent the total size range of the implant, the delivery system and accessorigs.
7.2.3 Material property assessment

7.2.3.1 Gepneral

The requirgments shall be as specified in [S0.56840-1:2021, 7.2.3.

7.2.3.2 Bjological safety

The requirgments shall be as spécified in [SO 5840-1:2021, 7.2.3.2.

7.2.3.3 Material and mechanical property testing

The requirgments shalbbe as specified in [SO 5840-1:2021, 7.2.3.3.

For ViV andl ViR ifdications, consideration shall be given to the material properties of the existing
prosthesis, including bioprosthetic valve leaflet calcification, and their interactions with the matefrials
of the transcatheter heart valve system.

7.2.4 Hydrodynamic performance assessment

Hydrodynamic testing shall be performed to provide information on the fluid dynamic performance
of the transcatheter heart valve substitute. The implant shall be deployed using the loading and
deployment steps in accordance with the product specification and appropriately placed into the test
chamber to simulate the device placement at the intended implant site. The device shall be inspected
after loading, recapturing and/or deployment prior to fixturing and testing. ISO 5840-1:2021, Annex |
provides guidelines for conducting and reporting steady-flow hydrodynamic tests. Guidelines for
conducting and reporting of pulsatile hydrodynamic tests are provided in Annex C. For pulsatile flow
testing, the performance of the pulse duplicator shall be characterized. See C.2.3.2 for guidelines
related to pulse duplicator characterization. The measurement accuracy and repeatability of the test
system(s) shall be evaluated and documented. The hydrodynamic waveforms produced by the pulse

© ISO 2021 - All rights reserved
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duplicator shall reasonably simulate physiological conditions. Representative waveforms used to
generate hydrodynamic test results shall be documented in the test report. Reference [27] provides
characteristics of reasonable aortic and mitral waveforms.

For transcatheter aortic valve substitutes, testing shall be performed to compare the hydrodynamic
performance of the device to the minimum performance requirements provided in Table 1. Guidelines
for designing test fixtures and test parameters are provided in Annex C and C.2.4. Testing shall be
carried out on at least three transcatheter heart valve substitutes of each size in each configuration
using requirements defined in Table C.2. The minimum performance requirements in Table 1 are
provided as a function of deployed valve diameter within implant site (in mm). In addition, testing
at challenge conditions shall also be considered to evaluate the device performance over a range of
anti¢ipated implant configurations (see Annex C and C.2.4.4 for examples of challenge conditions for
trangcatheter aortic valve substitutes).

‘ranscatheter mitral valve substitutes, testing shall be performed to compare:the hydrodynamic
brmance of the device to the minimum performance requirements providediiti Table 2 Guidelines

For
perf]

for ¢
carr
usin|
prov

For
of tl
mini

The
valv
requ

The
puls
durg
puls
devi

lesigning test fixtures and test parameters are provided in Annex C and+C.2.5. Test
ed out on at least three transcatheter heart valve substitutes of eachrsize in each cq
b requirements defined in Table C.3. The minimum performance(requirements in

ided as a function of area-derived valve diameter (in mm).

/iV and ViR indications, hydrodynamic testing shall be conducted in representative cof
le pre-existing prosthetic devices to compare the dewvice*hydrodynamic performg
mum performance requirements provided in Tables 1 and 2.

minimum performance values contained in Tables 1 and 2 reflect requirements against
bs substitutes under test shall be evaluated. If a device does not meet these minimum p

minimum in vitro performance requirementsin Tables 1 and 2 correspond to the follow
btile flow conditions: beat rate = 70 cycles/min, simulated cardiac output = 5,0 I/min,
tion = 35 % at normotensive conditions, as specified in ISO 5840-1:2021, Table 3 or Ta
htile flow conditions are based on.ahealthy normal adult and might not be applicable fo
ce evaluation (see ISO 5840-1:2021, Annex E for paediatric parameters).

Table 1 — Minimum in'vitro hydrodynamic device performance requirements, g

irements, acceptability of the in vitro test results-shall be justified by the manufacturer]

ng shall be
nfiguration

[Fable 2 are

figurations
ince to the

iwvhich heart
erformance

ng nominal
hnd systolic
ble 4. These

Ir paediatric

jortic

Parameter; mm

Deployed valve diameter within implant site

17 19 21 23 25 27 2

31

EOA|

(cm?) greatet thdn or equal to 0,70 0,85 1,05 1,25 1,45 1,70 14

D5 2,25

Reg

volume) less-than or equal to?

hrgitant fraction (% of forward flow 20

a

For jn vitro testing, regurgitant fraction includes closing volume, transvalvular leakage and paravalvular leg

kage volume.

Table 2 — Minimum in vitro hydrodynamic device performance requirements, mitral

Deployed area-derived valve diameter within implant site
Parameter mm
23 25 27 29 31 233
EOA (cm?) greater than or equal to? 1,05 1,25 1,45 1,65 1,90 2,15
Regurgitant fraction (% of forward flow 20
b
volume) less than or equal to

a

b

For measured mean pressure gradients <2 mmHg, computing of EOA is not required.

For in vitro testing, regurgitant fraction includes closing volume, transvalvular leakage and paravalvular leakage volume.

For transcatheter pulmonary and tricuspid valve substitutes and paediatric devices, minimum
performance requirements are not provided in this document; however, the manufacturer shall justify
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the acceptability of hydrodynamic performance of the devices. The test chamber shall be representative
of the critical aspects of the target implant site (e.g. compliance, geometry, native valve or pre-existing
prosthetic device) for the target patient population.

For all transcatheter valve substitutes, additional hydrodynamic characterization testing shall be
conducted over a range of test conditions as described in Annex C and C.2.6.

7.2.5 Structural performance assessment

7.2.5.1 General

The require

7.2.5.2 Ix
The requirg

For ViV an
anticipated

7253 D
See ISO 584

7.254 C
See ISO 584

For ViV an
device in te

7.2.6 Deg

7.2.6.1 G

The followi
for those r
evaluation
applicable 1
Annex E for

7.2.6.2 D
The ability

evice structural component fatigue assessment

evice migration resistance

ments shall be as specified in ISO 5840-1:2021, 7.2.5.

hplant durability assessment
ments shall be as specified in ISO 5840-1:2021, 7.2.5.2.

d ViR indications, testing shall be conducted in devices that are-representative of
range of configurations.

0-1:2021, 7.2.5.3.

bmponent corrosion assessment
0-1:2021, 7.2.5.4.

I ViR indications, the manufacturer shall\consider all interactions with the pre-exij
Fms of corrosion potential (e.g. galvanicccorrosion, fretting corrosion).

ign- or procedure-specific testing

pneral

g design evaluation requirements shall apply as appropriate. Justification shall be prov
equirements that afe)deemed not applicable to a particular design. Additional d¢g

equirements based on the results of the risk assessment for the specific device design|
examples of/design specific evaluation requirements to be considered.

bfthe implanted device to remain in the target implant site (e.g. native valve or pre-exi

prosthesis)

shall be assessed under simulated npprnh'ng conditions. Consideration shall he givﬂ

the

ting

ided
sign

Fequirements might/be applicable as per ISO 25539-1. The manufacturer shall definle all

See

ting
n to

variation in deployed shape, deployed size as prescribed in the product specification, implanted depth,
implant site characteristics (e.g. native valve, degree and distribution of calcification) and mechanical
properties (e.g. compliance) along with consideration for surrounding anatomical structures (e.g.
native leaflets, LVOT). For ViV and ViR indications, the manufacturer shall consider simulated
operating conditions of the existing device and all interactions with the existing device in terms of
device migration potential. The pressure conditions specified in ISO 5840-1:2021, Tables 3 and 4, and
other loading conditions, shall be considered as applicable. See ISO 5840-1:2021, Annex E for guidelines
regarding suggested test conditions for the paediatric population.

10
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Implant foreshortening (length to diameter)

The manufacturer shall determine the decrease in length of the implant between the catheter-loaded
condition and the deployed diameters up to the maximum labelled diameter (see ASTM F2081 for
guidance). The results shall be reported in terms of a percentage of the loaded length as shown below:

Py=100x (I, / 1)

where

ictha narcantaoa of forachaortenina
peree

7.2.6.4 Crush resistance

The
due
spead
as it
com

7.2.6.5 Recoil

The

dianpeter reduction) after implant expansion. This shall be assessed against the recomme

give

7.2.6.6 Radial resistive force (RRF)

The
com
sped
crim
char

To—CcIre Treore C o ToTr COTTo Tt oI o7

. Isthe change inlength;

, isthe loaded length;

manufacturer shall determine the ability of the support structure toresist permanent g
to crushing loads acting at the intended implant site over a, didmeter range per f{
ification. For non-circular devices, an account shall be taken,ofthe specific use range o
relates to the intended annulus geometry (e.g. anterior to-posterior dimension or con
missure as it relates to the mitral annulus). This is accomplished by the following evalu

Lhe crush resistance test with a radially applied load:measures the ability of the suppo
fo resist permanent deformation when subjected to’a circumferentially uniform radial

Lhe crush resistance test using parallel plates mieasures the ability of the support struct
permanent deformation along the entire length of the device when subjected to a load §
Lhe length of the device.

leformation
he product
f the device
nmissure to
htions:

't structure
oad;

ire to resist
pplied over

manufacturer shall determine the amount of elastic recoil in device diameter (percentage of device

h in the product specification. See ASTM F2079 for guidance.

manufacturerishall characterize the force exerted by the support structure as it rg
pression from its maximum diameter to its minimum crimped diameter as shown ix
ification'See ASTM F3067 for guidance. Consideration shall be given to the effect
ping or-rétrieval steps as appropriate for the device. For non-symmetric devices, th
geor'other dimensions shall be considered.

nded sizing

sists radial
the device
of multiple
b perimeter

7.2.6.7 Chronic outward force

The manufacturer shall characterize the force exerted by the support structure as it attempts to
expand to its maximum unconstrained diameter after being radially compressed to its minimum
crimped diameter per the device specification. See ASTM F3067 for guidance. Depending on the support
structure design, the COF might be different in different regions of the support structure and shall
be evaluated accordingly. Consideration shall be given to the effect of multiple crimping or retrieval
steps as appropriate for the device. Non-symmetric devices shall consider perimeter change or other
dimensions.

© IS0 2021 - All rights reserved
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7.2.6.8 Delivery system design evaluation requirements

The manufacturer shall define and justify all applicable requirements based on the results of the
risk assessment for the specific delivery system design and delivery approach (e.g. transfemoral,
transapical). See Annex D for information on delivery system design evaluation requirements.

7.2.6.9 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
(e.g. fluoroscopy, MR], CT, echocardiography) shall be evaluated. See Reference [18] for information

relevant to
the presend

7.2.7 Dey

The require

7.2.8 Sin
The requirg

The ability
substitute V
use conditig
associated

(see Annex

The model

site as well
effects). In

(e.g. native
case of depl
the model 5
simulated u
on valve pe
impingeme}
ViV or ViR).

7.2.9 Hul

The requirg

MVI. For ViV and ViR indications, the ability to visualize the implant and delivery syste
e of an existing prosthesis shall be evaluated.

rice MRI compatibility
ments shall be as specified in ISO 5840-1:2021, 7.2.7.

ulated use
ments shall be as specified in ISO 5840-1:2021, 7.2.8.

to permit safe, consistent and accurate deployment ef the transcatheter heart ¥
yithin the intended implant site shall be evaluated using.a'model that simulates the inte]
ns. This assessment will include all elements of the transcatheter heart valve system arj
procedural steps required to facilitate delivery and,implantation of the implantable dg
D).

m in

alve
nded
dall
vice

bhall consider anatomical variation with respect to delivery pathway and intended im

[eaflets, annulus), testing shall be.in¢luded in the simulated use evaluation. Further, i

oyment of the transcatheter hedrtvalve substitute within a pre-existing prosthetic de
hall consider the dimensions and conditions (e.g. calcification) of the existing device.
se test shall evaluate inaccarate valve positioning and deployment and the resulting ef
rformance and unintended.anatomical interactions (e.g. coronary occlusion, anterior m
1t, LVOT obstruction,systolic anterior motion, chordae entanglement, valve embolizati

man factors and usability assessment

ments shall be as specified in ISO 5840-1:2021, 7.2.9.

7.2.10 Im

lant thrombogenic and haemolytic potential assessment

lant

as physiological and mechanical factorg. (e.g. temperature effects, pulsatile flow, frictjonal
the case where device anchoring relies’on specific interactions with the native anatomy

the
vice,
The
Fects
itral
bn in

The requirements shall be as speciiied 1n ISU 5840-1:2021, 7-Z.10.

For transcatheter valves, the assessment shall include the immediate vicinity (e.g. neo-sinus,
neo-LVOT, inflow and outflow) of the heart valve substitute, including within the valve, leaflet
commissures, and cusps.

7.3 Preclinical in vivo evaluation

7.3.1 General

The general requirements of ISO 14630 shall be considered.

12
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7.3.2 Overall requirements

A preclinical in vivo test programme shall be conducted for new or modified transcatheter valve systems
in order to address the safety and performance of the heart valve substitute. For design modifications to
a heart valve substitute system with established clinical history, omission or abbreviation of preclinical
in vivo evaluation shall be appropriately justified.

The preclinical programme design shall be based on risk assessment and appropriate ISO guidance
documents. This programme may involve the use of different species and implant durations to address
the key issues identified in the risk assessment.

The

a)
b)

d)

1)
)
)
+)

hssess delivery, deployment, implantation procedure and imaging chatacterist
[ranscatheter heart valve system. All usability characteristics that are evaluated shall b
ronsistent with the requirements of [EC 62366 (all parts). Consideration’ shall be giy
imited, to the following items:

hssess the in vivo response to the heart valve substitute. Consideration shall be giy
imited, to the following itents;

Liiaa 1 . 1 3 Lall
ICeIliracarnrvivou Tvdadliudlivll Slidll.
pvaluate the haemodynamic performance of the transcatheter heart valve substitute;

usability, including delivery system handling characteristics (€.g. pushability, track
proper valve alignment relative to flow (e.g. note the presence’of device angulation, be
post-implantation changes in shape and structural components of the transcatheter
imaging characteristics;

migration or embolization of the heart valve substitute;

interaction with surrounding anatomy.stich as leaflets, annulus and subvalvular st

ability to deploy, recapture, retrieve, reposition and/or remove the heart valve
where applicable;

ics of the
b completed
ren, but not
ability);

nds, kinks);

heart valve;

ructures;

substitute,

en, but not

1) healing characteristics{e.g. pannus formation, tissue overgrowth);

D) effect of post-implantation changes in shape and structural components (e.g. the [presence of
device angulation, bends, kinks) on haemodynamic performance;

B) haemolysis;

1) thrembus formation;

b) Aembolization of material from the implant site, delivery device or heart valve substjtute;

6) Migration or emboliZation of the neart vatve SUbSTTUuTeE;

7) biological response (e.g. inflammation, calcification, thrombosis, rejection, other unexpected
interactions with tissues);

8) interaction with surrounding anatomical structures (e.g. leaflets, annulus, subvalvular
apparatus);

9) structural valve deterioration and/or non-structural valve dysfunction;

use the final design of the transcatheter heart valve system. Where applicable, the system shall
be prepared, deployed, recaptured, retrieved, repositioned and/or removed and imaged using
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, maximum crimp time,

© IS0 2021 - All rights reserved
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maximum crimp cycles, maximum time to maintain the implant in the crimped state, maximum
retrieval and repositioning events if indicated in the device specification);

1) ifneeded, ancillary studies could be conducted to evaluate unique design and delivery aspects
of the device;
2) the manufacturer shall justify any modifications to the device or system that may be required

for implantation in the animal model and address the impact of the modifications on the
interpretation of results;

investigate the transcatheter heart valve substitute system in positions for which it is intended
(e.g. a0 ased
animal ions
for whi se of
alterna

chic it pnlmn“in). if r‘pr\r‘"r\r‘ npnn;(-‘.'n Spmatosaioal foobiieng
CIC, 11111 airx, UIIIIVIIIC ), 11O CULICO O clllIv diIraltuIiIiricdar 1rcdatlturvo
model confound the ability to evaluate the transcatheter heart valve substitute in poSsit
ch it is intended, provide a justification for implantation in an alternative site or&he’u

five implantation procedures;

ortha nca of o o dicn
O trrcT oSt UT o ot OrsT

f) subject
conditi

justific

comparably sized control valve substitutes to identical anatomical and physiolo
bns as the test valve; if a control valve is not used, the manufacturer shall provi
htion;

bical
de a

be perf riate

quality

brmed by appropriately experienced and knowledgeable test laboratories under approp
assurance standards (e.g. good laboratory practice);

g)

h) addres$ animal welfare in accordance with the principles providéd in ISO 10993-2.

7.3.3 Methods

Guidance oh the conduct of in vivo preclinical evaluationand a series of tests which can be usdd to

address the
as possible
(delivery, dg
arising afte

environment into which it is implanted, includifig interactions among these. Therefore, serious ady

events (SAH
order to ide

The investi
species, gey
which it is
related to t
but they shj

The numbe
shall be just

For all st

relevant issues is provided in Annex F. The intent of these studies is to mimic as cl¢
the clinical use and haemodynamic perfortiance of the transcatheter heart valve sy
ployment, imaging and test heart valve substitute). It is recognized that adverse events
r valve implantation can be attributed-to the implanted valve, the procedure, and/oj

) arising during or after valve implantation shall be carefully analysed and interpret¢
ntify the cause of the adverse évent.

ator should seek to control as many variables as possible within each study arm
der and age). The test heart valve substitute shall be assessed in anatomical position
intended to be used-clinically. Animals suffering from periprocedural complications
he heart valve system (e.g. endocarditis) may be excluded from the group of study anif
111 be reported;

" of animals’used for implantation of test and control valve substitutes and study endp
ified based on risk assessment.

sely
ttem
(AE)
" the
erse
bd in

(e.g.
s for

not
nals,

ints

ified

ies)the specified duration of the observation period of the animals shall be just

u
according tfo the parameter(s) under investigation. New devices (e.g. new design or novel blood-
contacting materials) require an extended duration of the observation period (not less than 140 d). A
minimum duration less than 140 d may be suitable for evaluating minor modifications of an existing
transcatheter heart valve system, such as investigations of healing. Any pre-clinical investigation
with a designated endpoint of less than 140 d requires a justification with rationale as to why a longer
survival period was not attempted.

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 study shall include at least the following:

a)

in vivo evaluation of the final device and system design;
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b) any detectable pathological consequences, including but not limited to: migration or embolization;
paravalvular leakage; valve alignment relative to flow noting the presence of angulations,
bends or kinks; post-implantation changes in shape of structural components; thrombo-embolic
phenomena; pannus formation; and tissue disruption and/or inflammatory responses involving

the transcatheter heart valve substitute and/or in the major organs;

c) any detectable structural alterations (macro- or microscopic or radiographic) in the transcatheter
heart valve substitute and macroscopic examination of the delivery system (e.g. damage, support
structure fracture, material degeneration, changes in shape or dimensions);

d) serial blood analyses performed pre-operatively, at appropriately justified intervals during the

bservation period, and at termination to assess Naemolysis, abnormatities im aemptology and
Clinical chemistry parameters;

e) felivery and deployment characteristics, including but not limited to ease lof use, handling
Characteristics, imaging, sizing technique, deployment, recapturability, retrieval, repositionability
hnd/or removal (if applicable);

f) haemodynamic performance over a range of cardiac outputs (e.g. 2;54/min to 6,0 1/min) in the
kame animal;

g) pdverse events (e.g. myocardial infarction, significant cardiac arshythmias, infection, embolization,
major paravalvular leakage);

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

7.3.4 Testreport

The |laboratory performing the preclinical in vivesstudy shall produce the test report based on the

original study protocol, including:

a) |dentification of each of the system*components (delivery system, transcatheter heart valve
substitute and other auxiliary deviees) used in the procedure (product description, serial number
hnd other appropriate identification);

b) Hetailed description of the.animal model used, and the rationale and justification for|its use; the
pre-procedural assessmeft)of each animal shall include documentation of health statys as well as
bender, weight and age of the animal;

c) Hescription of the ihraging technique(s), the implantation procedure, including delivery, deployment
hnd sizing technique, valve position and any procedural difficulties;

d) Hescription.of the pre-procedural and post-procedural course of each animal including clinical
bbservations, medication(s) and interventions used to treat adverse events; describe|and justify
hny anticoagulation or antiplatelet drug and regimen used as well as therapeutic level{monitoring
nethads, if applicable;

e) anydeviatiomfronrthe protocotoramendmentstothe protocotamd-theirsigmificarnce;

f) names of the investigators and their institutions along with information about the implanting
personnel and the laboratory’s experience with heart valve substitute implantation and animal care;

g) interpretation of data, including a comparison of the results between test and control animals, and
a recommendation relative to the expected clinical safety and performance of the transcatheter
heart valve system under investigation;

h) for survival studies, the study pathology report shall include gross and radiographic examination

and histopathology findings, including gross photographs of the device and surrounding tissue, for

each explanted heart valve substitute;

© IS0 2021 - All rights reserved
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i) for survival studies, detailed full 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 assumed to be caused by the heart valve substitute;

j)  a summary of all data generated from all animals during the course of the investigation. In

particular, serious adverse events generated by evaluations described in Annex F, as well as

deviations from the protocol and their significance, shall be addressed.
7.4 Clinical investigations

7.4.1 Genrerat

The requir¢ments of ISO 14630 and ISO 14155 shall apply. Clinical investigations shall be performed

for new trapscatheter heart valve systems and expanded indications for use of existing systems

(e.g.

lower risk gopulations, ViV, ViR). For modifications of an existing transcatheter heart valye' systeny, if a
determinatjon is made, based on the risk analysis, that clinical investigations are not réquired, scientific
justification addressing safety and effectiveness shall be provided. For minor design modifications

to clinically well-documented heart valve substitutes, the manufacturer shall justify omissio
abbreviatioh of clinical investigations.

n or

Clinical stuflies are recommended for design changes of a marketed deyvice that may affect the s3fety

and effectiyeness (e.g. novel blood-contacting materials, changes that-alter the flow characteristi
haemodynamics, changes that affect the mechanical loading on thé)valve). The clinical study de

CS or
sign,

sample sizd, and endpoints shall be justified based upon the riskanalysis for design changes/dgvice

modificatiops under evaluation.

Clinical invlestigations shall be designed to evaluate the<transcatheter heart valve system fo
intended uge. The studies shall include an assessment oftadverse events related to risks arising
the use of the transcatheter heart valve system and from’the procedure. The clinical investigation
include prefprocedure, peri-procedure, and followrup data from a specified number of subjects,

Ir its
‘Tom
hall
each

with a follow-up appropriate for the device and.its intended use. The clinical investigation prograjnme

shall be dedigned to provide substantial eviderice of acceptable safety and effectiveness to suppor
intended labelling for the device.

t the

The phases| of a clinical programme typically include a pilot phase (e.g. first-in-human or feasibility
studies), a jivotal phase (studies to-support market approval), and a post-market phase. Humanitgrian

use (e.g. compassionate use, emergericy use, special access) is a separate process and is not consid|

ered

part of the [clinical programme,A’series of patients receiving a novel device under humanitariarn use

shall not bg used as a substitute for any clinical investigational study. Prior to embarking on a piy
clinical invgstigation, pilof phase studies shall be considered to provide initial information regar
clinical safdty and device performance. A scientific justification shall be provided if pilot phase sty
are not to he undertaken. The information derived from the pilot phase may be used to optimizé
transcatheter heartvalve system and patient selection prior to initiation of a larger clinical investigz
following fyrtherpre-clinical testing.

A plvotal Cl nical inuactigation chall bhao dacignad £o ARSHEe:

otal
ding
dies
 the
ition

TITCTT TV COtTg O eI o oo T o o CoTg e orto—oroar™e

a) the presence of a well-defined, clinically relevant question;

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

of care;

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

population, study endpoints and duration.
A randomised study design for a pivotal trial should be considered for the following reasons:

a) ethical considerations may require a head-to-head comparison with scientifically just
alternative treatments or standard of care;

ified
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b)
‘)

For clinical investigations to serve as a basis for market approval, there should be sufficient data to
support safety and effectiveness. These studies should include a statistical methodology, specific
inclusion/exclusion criteria, use of accepted endpoint definitions, a rigorous method of collecting
information on defined case report forms, a rigorous system to monitor the data collection, defined
follow-up intervals, and complete follow-up of the study populations.

randomised trials provide the highest quality scientific evidence and minimize bias;

randomised trial results may promote adoption of effective therapies.

ViV/ViR clinical 1nvest1gat10n may be a separate evaluatlon of the specific indication or included as an
armre evaluate ViV Y¥iR—ndications, the
protpcol should be specific regarding the position and dimensions of the failed prosthesis."Jjhe protocol
shoyld also clearly indicate which types of previously implanted prostheses should be ‘€x¢luded from
the investigation.

of o largny Aol s nctigatiag Eor clinical trvnctigatinac +o
\v gy M 1Iarx 5\11 cIiiirieadar lllV\aJLlsuLl\Jll 1IUl CITIricar lllvpo\,nsublunna U Cvdaruaacltce

p

7.4.2 Study considerations

The |decision to use a medical device in the context of a particular clinical procedure
residual risk to be balanced against the anticipated benefits of the procedure or the risk and
bengfits of alternative procedures (the requirements shall be as specified in ISO 14971).

equires the
anticipated

Wit}
whig

brse events
g. coronary

transcatheter heart valve systems, haemodynamic performance and those adv
h are directly related to the device or procedure shouldbe’measured to assess risk (e

obstjruction, LVOT obstruction). Haemodynamic and clinicaliperformance including adverse|events may

also|depend on factors other than the device itself, including:

a) patient comorbidities;

b) the underlying pathological process and whéther it continues to progress;

c) whether the degree of functional iniprovement achieved is sufficient to prevent progressive
Heterioration in cardiac function;

d) technical factors involved in delivery, choice of vascular access and implantation;

e) pppropriate selection of ayailable sizes and/or shape configurations;

f) fhe potential for adverse haemodynamic effect.

See Annex G for more-information about adverse events.

Imaging assessnient is an essential aspect of the clinical investigation for patient selecfion, device

placgment, avoidance of procedural complications and patient follow-up. To ensure optimallanatomical

evalpation, device position, and functional assessment, multiple imaging modalities (e.g. TEE, TTE, CT,

MRI| fluotescopy, positron emission tomography (PET)) may enhance assessment and shall be used

where-applicable (see also Annex H). The latest imaging guidelines from professional soci¢ties should

be f'\]]n‘lllﬂf] 17'\ pnvfnrmlhn’ f]‘\DCO lmarnnrr Y\Y‘I’\!‘Df‘lll"ﬂc o ensure 1']"\0 ﬂll')]'lf" nF |m9(TDC _‘llnlcal Slte

training and certification shall be conducted before enrolment in collaboratlon with the independent
core laboratory (see Reference [23]). Imaging follow-up time points shall be specified and justified and
the follow-up shall be complete as specified in the CIP.

The CIP shall clearly define the objectives of the study and specify safety and effectiveness endpoints
(see Annex G and ISO 5840-1:2021, Annex L). The CIP shall specify anticipated study-related adverse
events, including device and/or procedure-related adverse events, in accordance with Annex G and
published definitions. The definitions of the outcome measures should be consistent with those
described in this document to allow comparability of heart valve systems. The study design shall
include a pre-specified statistical analysis plan and success criteria (e.g. new devices should be non-
inferior to standard of care).
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Studies should employ measures to minimise bias. Study designs may vary depending on the purposes
of the assessment and/or the technology (novel technology versus modification to well-established
device). Study populations shall be representative of the intended post-market patient population,
including aetiology and pathology. Further, studies shall be designed to ensure collection of all CIP
specified follow-up information in all subjects entered into the study unless subjects specifically
withdraw consent for follow-up. For patients who withdraw consent, follow-up ends at the time of the
withdrawal. However, depending on local legal requirements, additional follow-up may be obtained.

The manufacturer is responsible for ensuring collection of appropriate information. The study design
shall be consistent with the aims of the CIP. For a given study, the CIP and data collection forms should
be standardized across institutions and investigators.

Study moniforing shall be conducted in accordance with ISO 14155. To ensure patient safetyya $3
monitoring|plan shall be established. Study oversight shall be provided by an independent data sz
monitoring|board (DSMB) for evaluation of patient safety and CIP adherence. The monitoring b
is empoweted to make recommendations for or against study continuation. An independent cli
events adjudication committee shall be used to classify events against pre-established criteria.

laboratories are recommended for outcomes that might be prone to inter-laboratoryvariability for
phase (at mpltiple sites) studies and are required for pivotal studies.

\fety
ifety
pard
hical
Core
pilot

rtem
yses

Explant an:
examinatio

lysis is a vital part of device evaluation. Devices explanted or,_obtained at post-mo
n should be assessed by an independent cardiovascular pathologist. The results of anal

should be

photograph
with detail
or post-mot
the manufa
appropriate
valuable in

reported in accordance with the CIP including operatiye,'or post-mortem examing
s of the device in situ and after explant. The CIP shall in¢lude an explant pathology prof
ed instructions for evaluation by an independent cardiac pathologist (including oper
tem examination photographs) and instructions forsthe return of the explanted devi
cturer, where appropriate. Whenever feasible, the’explanted device shall be subjectsg

functional, imaging and histopathological invéstigations. In the event of subject d
formation about implanted devices can beobtained by post-mortem examination, w

ition
ocol
htive
re to
d to
bath,
hich

should be ehcouraged whenever possible.

The following considerations apply for pilot phase-studies:

a) pilot phase studies are exploratory in)nature and may not require pre-specified statigtical
hypothgses. Robust interpretation of the results and their generalizability is usually limited djie to
the small number of subjects and-participating clinical investigators;

b) patient|selection shall involve a’heart team approach with at least one non-conflicted physician
(accordling to the criteria ef-the relevant ethical committees);

c) the conkent process shallinform the subjects of the pilot phase nature of the study and alternative
optiong including other approved devices;

d) limitatijon on rate’ of enrolment (e.g. evaluation of acute outcomes after each patient and bgfore
treating the next patient);

e) aclinichlevents committee (CEC) should be used for adjudication of adverse events;

f) oversight of the study safety shall be performed by a data safety monitoring board (DSMB) or an
independent medical reviewer;

g) re-evaluation of risk/benefit profile based upon study outcomes.

7.4.3 Study endpoints

The choice and timing of primary and secondary study endpoints shall be driven by the study objectives,
the disease, the patient population, the technology, the post-operative medical treatment (e.g. heart
failure treatment, antithrombotic medication) and anticipated risks. Endpoints shall include safety and
effectiveness such as time-related valve safety, quality of life, symptomatic and functional status, and
device and procedural success. Other tertiary or descriptive endpoints should be considered relative
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to the technology. Further suggestions for clinical investigation endpoint selection and timing for

transcatheter heart valve systems are provided in ISO 5840-1:2021, Annex L.

7.4.4 Ethical considerations

Although novel transcatheter heart valve systems may 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 struc

turally and

functionally 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

unfdreseen hazards.

The [choice of patients to receive the first implants of a novel technology places responsibi
manufacturers and investigators and raises important ethical issues. Choice of Objective
inveptigators who will implant the new device is equally important. Relevantyguidance
of interest has been provided by regulatory agencies or other organizations (see Refe
Manpfacturers shall not offer financial incentives to the institution or_investigators to

devire. Compensation of patients for the costs for participating in the'clinical investigat
limited to an appropriate amount in line with ISO 14155, shall not be'so“large as to encoury
to pqrticipate.

NOT[E National regulations apply.

See also 7.4.5 for additional detail for site and investigatorselection considerations. Ethics
utional review board approval shall be obtained for'both pilot phase and pivotal studi

.5 Pivotal studies: Distribution of subjects:and investigators

cal investigations shall be conducted in institutions with appropriate facilities, case-lo3
and by investigators with appropriate‘experience, skills and training. Emphasis shoul
he multidisciplinary heart team approach (see References [24] and [26]). Clinical iny
be designed to include enough subjects, investigators, and institutions to be represenf
ded patient and user populatiens. The design should include consideration of, and just
such aspects as disease aetiology,disease severity, gender, age (e.g. adult, paediatric) and o
pati¢nt populations as appropriate. The sites should be selected to ensure that patient ¢
sufficient to accommodate_a-spread of clinical experience and exposure to the device wh
a repsonable learning curve. Consideration and justification should also be made to
any |expected differenees in the standard of care or patient outcomes based upon the
distribution of thednténded patient or user populations. The CIP shall specify and justify
numper of institutions (including geographical distribution), the maximum number of su
inclyded for each centre, the maximum number of investigators per institution, as well a
pati¢nt population.

Crit¢ria relevant to the selection of sites and clinical investigators should include:

uld impose

lity on both
and skilled
on conflict
Fence [20]).
mplant the
on shall be
ge patients

committee/
S,

d and case-
d be placed
yestigations
ative of the
fication for,
ther special
nrolment is
le allowing
hccount for
geographic
he planned
bjects to be
s the target

— Sites:

a) suitable distribution of sites;

b) access to the defined patient population;

c) presence of alocal or central institutional review board (IRB)/ethics committee (EC);

d) qualified centres, following the guidelines on operator and institutional requirements published
jointly by the professional societies (see Reference [26]);

e) involvement of a multi-disciplinary heart team in patient selection including at least one non-
conflicted physician;

f) expertimaging with accredited operators and facilities (see also Annex H);
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g) appropriate study coordinator and other administrative staff associated with data collection or
coordination of the study;

h) adequate resources (e.g. facilities and equipment, security and storage, working space for monitor
and additional equipment);

i) accordance with good clinical practice (GCP), including but not limited to: regulatory agency
and IRB/EC approval prior to study initiation; proper consenting of all research subjects; CIP
adherence, with any deviation properly approved or documented; proper adverse event reporting;
and adequate device accountability;

j)  experigree-with-ehnieaHnvesteations:
k) acceptdble results of previous regulatory inspections.
— Clinical investigators:

a) qualifidations by education, training (by manufacturer or medical experts), relewatit experiend

&2

NOTE Regplatory requirements can apply.

b) motivation to continue patient recruitment and to undertake long termeaccurate follow-up;
c) prior clinical research experience;

d) avoidarce of competing studies (e.g. to avoid selection, channelling biases);

e) minimiping potential conflict of interest; if there are substantial conflicts of interest with the
manufacturer, such conflicts shall be managed, which shouldinvolve (but not necessarily be limited to)
consideratipn of the use of a non-conflicted physician for\patient recruitment, informed consent)and
reporting (ee References [10] and [20]).

7.4.6 Statistical considerations including sample size and duration

The manufjcturer is responsible for selectingand justifying the specific statistical methodology ysed.
The size, scppe, and design of the clinica] investigation shall be based on:

a) theintdnded use of the device;
b) the results of the risk analysis;
c) measuiles that will be evaluated;
d) the explected clinicaloutcomes.

A prospective randomised controlled trial, assessing superiority or non-inferiority as appropriate,[may
be considered toyminimise bias. Depending on the scope and objectives of the clinical investigaltion,
other desighs'may 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 (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, randomisation against an appropriate
active comparator with established clinical history should be used. If the study uses a non-inferiority
design, the non-inferiority margin should be justified and, to the extent feasible, based on prior data
from comparable devices.

For pivotal studies (single-arm or concurrent control), the sample size shall be justified and shall
be sufficient to enable assessment of the safety and performance or effectiveness endpoints of the
transcatheter heart valve system in the intended populations. Standard statistical methods shall be
used to calculate the minimum sample size with prior specification of an appropriate Type 1 error rate
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and power. Sample size considerations shall also take into account the standard of care and available
safety and performance or effectiveness data (including post-market or published data) on relevant
therapies with similar intended use.

For a new transcatheter heart valve system, in a population with acceptable surgical risk, the sample
size shall include a minimum number of 150 patients for each indicated valve location, each of whom
is intended to be studied for at least 1 year (understanding that death occurring prior to 1 year is
captured and included in the 1-year follow-up analysis). In addition, at least 400-patient years of data
are required in the pre-market setting to assess late adverse events (e.g. thromboembolism, valve
thrombosis, haemorrhage, and infective endocarditis). The 400 patient-years criterion can be met by
further pre-market follow-up of the 150 patients beyond 1-year or by enrolment of additional patients.
For flinical investigation with low anticipated event rates, the associated patient year follow up may
be derived from Table 3 (e.g. at least 972 follow-up years for a 1 %/year event rate) This|aligns with

Sam

ble size requirements for surgical heart valve replacement devices (see ISO 584032:202

If the population to be studied is an orphan disease population or not of aceegptable ri

appy
sam
anti

opriate treatment or therapy (e.g. medical, surgical, interventional) to-be<undertake

fipated risk benefit profile. The approved indication for use shall be consistent with evid

,7.4.6.2).

sk to allow
h, a smaller

ble size may be justified based on a robust statistical analysis which takes into consideration the

ence gained

fron} the patients studied. Departures from the recommended 400-patient year sample size shall be
adequately justified. Table 3 below provides a range of sample sizes-that exclude an adversg event rate
thatfis double the expected rate.
Talhle 3 — Patient-years required to exclude a linearized event rate that is double the expected
rate with 80 % power
Hxpected adverse event rate Adverse event rate to exclude (HO) Patient-veals
(% per year) (null hypothesis, HO), % per year y
1,0 2,0 972
2,0 4,0 486
2,4 4,8 400
3,0 6,0 324
4,0 8,0 243
5,0 10,0 194
6,0 12,0 162
7,0 14,0 139
8,0 16,0 122
9,0 18,0 108
10,0 20,0 97
NOTE The recommendation to collect 400-patient years of data is based upon the following copsiderations:
using a.fiull hypothesis that the actual adverse event rate is twice the event rate currently acceptdd for similar

deviges_(see Reference [14]), with probabilities of one-sided type one error of 5 % and probability of type 2 error
20 % (power = 80 %), the sample size (in patient-years) is determined to be 9,72/CR, where CR is the complication
rate currently considered acceptable for similar devices. For example, to detect a CR of 2,4 %/year or higher, this
would require 9,72/0,024 = 400 patient-years (see References [15] and [12]).

When using devices in niche indications, rare diseases, or less common patient populations (e.g.
paediatric, adult congenital), smaller sample size and shorter premarket follow-up durations may
apply but shall be defined and justified based on disease prevalence, unmet clinical needs and risk/
benefit considerations. However, this justification does not apply to any post-market clinical follow-up
activities for these devices.

In addition to the requirements established above, the CIP shall specify total duration of the study,
including long-term patient follow-up which may continue in the post-market setting (see also 7.4.9.6).
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
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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.

7.4.7 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 should only include patients who are willing and able to participate
in the follow-up requirements. It is recommended that each patient should be presented to a central
eligibility committee to evaluate the appropriateness for enrolment

The followilng aspects should be taken into consideration when developing inclusion and €xclysion
criteria to gnsure that the expected benefit of treatment outweighs the risk to subjects:

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

b) diseasegaetiology (e.g. stenosis, primary or secondary regurgitation);

c) severity of valve disease;

d) symptdmatic versus asymptomatic patients;

e) predicted risk of surgical morbidity or mortality (e.g. STS Score, EuroSCORE II);

f) co-morpidities (e.g. MI, other valve disease, coronary or peripheral artery disease, atrial s¢ptal
defect, patent foramen ovale, previous infective endocarditis, rheumatic heart disease, degenerative
neurolqgical disorders, frailty, previous cardiac interventions, prior stroke or systemic embolism,
chronid kidney disease, haematologic disorders, chromic lung disease);

g) ventricplar function and chamber size (e.g. ejection fraction, systolic/diastolic dimensiop or
volumeg);

h) haemodynamic stability (e.g. mechanical\cirtulatory assist devices, inotropic support);
i) surgicall status (e.g. elective, urgent,emergency, salvage);

j) toleranfe for procedural/post-precedural anticoagulation or antiplatelet regimens;

k) life expectancy;

1) device/procedure specific anatomical considerations (e.g. valve size, calcification, congepital
abnormnjalities, access site conditions, device placement location, ability to tolerate TEE);

m) potentipl patienf-prosthesis mismatch;

n) access fo sufficient follow up treatment (all types of physical and medicinal therapy).

7.4.8 Valve thrombosis prevention

The approach to be employed to prevent valve thrombosis and thromboembolic complications shall
be documented in the CIP and recorded on the CRF. In addition to details of antithrombotic and/or
antiplatelet drug therapy (including INR range, where applicable), the approach shall include details and
results of any investigations performed to detect subclinical valve thrombosis as a basis for choosing
an appropriate drug therapy.
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7.4.9 Clinical data requirements

7.4.9.1 General

3:2021(E)

Clinical data, including adverse events, shall be recorded for all subjects in the study as required by
ISO 14155. Consideration and appropriate justification should be made for the collection and analysis of
site reported versus core laboratory adjudicated data.

7.4.9.2 Baseline

The

a)
b)

c)

d)

f)

g)

h)
i)

If anfy of the dbove data are deemed not applicable, a justification shall be provided.

7.4.
The
a)
b)

‘)
d)
e)
f)

nllnulihg datashall be collected:

patient demographics (e.g. age, gender);
baseline information (e.g. weight, height, blood pressure);

Co-morbidities (e.g. liver, kidney and lung disease, substance abuse, smoking histor
hypertension, hypercholesterolemia);

rardiovascular diagnosis (e.g. valvular lesion and aetiology). and co-existing car]
liseases (e.g. heart failure, cardiomyopathy, aneurysm, cerebral vascular disease,
vascular disease, coronary artery disease, history of endogarditis, history of thromb
previous myocardial infarction), and cardiac rhythm;

New York Heart Association (NYHA) functional classvand relevant Society of Thorac
Predicted Risk of Mortality (STS-PROM) score or logistic European System for Cardia
Risk Evaluation (EuroSCORE II), or both (STS scere is recommended for all subjects).
Huality of life indicators and/or exercise tolerance tests should also be considered;

previous relevant interventions [e.g. coronary artery bypass, coronary artery
percutaneous valvuloplasty (position), operative valvuloplasty (position), valve repai
previous heart valve implantation (type, size and position), root reconstruction,
vascular interventions];

echocardiographic and other relevant imaging data to provide cardiac haemodynamig
hnd functional informatiofi{e.g. ventricular function), and to characterize the dis{
pr failed prosthesis/repair and to assess implant site and annulus size (see An
SO 5840-1:2021, Annex'G);

Felevant imaging-data for assessment of access and delivery approach;

blood test toassess hepatic, cardiac and renal status, and haematologic/coagulation pr

.3\ Peri-procedure data

y, diabetes,

diovascular
peripheral
oembolism,

ic Surgeons
c Operative
Frailty and

ingioplasty,
" (position),
peripheral

, geometric
pased valve
nex H and

bfile.

following data shall be collected:

name of operator(s);

utilisation time (e.g. procedure room entry/exit time, access site entry/exit time, length of

hospital stay);

date/time of procedure;

type of procedure suite (e.g. operating room, hybrid room, cardiac catheterization laboratory);

methods of anaesthesia (e.g. general, local, conscious sedation);

medications including start/stop dates, dosage, changes, change justification (e.g. antithrombotic

regimen, inotropes, antibiotic prophylaxis);
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g) list of procedural devices (e.g. guidewires, catheters, introducers/dilators, embolic protection
devices);

h) list of monitoring devices used (e.g. arterial line, pulmonary artery catheter, pulse oximetry);

i) mechanical circulatory assist devices (e.g. pre, intra, post-procedural), and associated
parameters (e.g. ACT, core body temperature, cardiopulmonary bypass time, inotropic support,
cardiac arrest time);

j) imaging modalities (e.g. fluoroscopy, TEE, TTE, CT), including fluoroscopy time and total radiation
dosage (see [AEA RS-G-1.5);

k) any chgnges from original diagnosis;
1) transcgtheter heart valve system (e.g. type, models, sizes, and serial numbers);
m) any corjcomitant interventions or procedures (e.g. percutaneous coronary intervention (PCI));

n) elements of procedure, including any adjunctive procedures performed (e.g.¢pre-dilatation, post-
dilatatipn, contrast volume, embolic protection, rapid pacing);

0) access $ite and technique (e.g. sternotomy, thoracotomy, transfemoral, transapical);
p) assessment of implant site and annulus size, or other relevant sizingdneasure of patient;

q) implant position (e.g. aortic, mitral, pulmonic, tricuspid) and:precise anatomical implant posjtion
in relatjon to surrounding cardiac structures (e.g. leaflets, tisstie annulus);

r) size, type, implant date, presence of patient prosthesis mismatch (PPM), and failure mode of
previoysly implanted prosthesis for a valve in valve/king procedure;

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

t) numbey of re-sheathings and recapturing for proper positioning;

u) procedural complications, including acute interventions (e.g. peripheral vascular intervention,
coronafy obstruction, acute valve-in*valve, conversion to surgery);

v) evaluatiion of transcatheter heart valve function and valve geometry by echocardiography gand/
or othdr relevant imaging-and haemodynamic modalities, as defined in the CIP. At a mininum,
pressure gradient and degree of regurgitation should be documented;

w) blood tests performed post-procedure (e.g. full blood count, renal profile, cardiac enzymes).

If any of thq above data are deemed not applicable, a justification shall be provided.

7.4.9.4 FTllow-up data

Follow-up data shall be collected at approximately 30 days, at least one specific time point between
3 months and 6 months, at one year, and at a minimum annually thereafter until the investigation
is completed, as defined in the CIP. Physical examination of patients is recommended. The following
evaluations should be performed at all follow-up assessments unless an adequate risk analysis justifies
aless frequent interval. Depending on the investigational design, additional data collection times might
be appropriate.

NOTE Additional follow-up intervals might be appropriate to document early or long-term structural valve
deterioration or non-structural dysfunction.

The following data shall be collected:

a) date, method (in person, telephone), location and type of health care professional performing
follow-up (e.g. investigator, primary care physician, nurse);
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b) results of physical examination, including specific parameters to be reported;
c) New York Heart Association functional class and health-related quality of life indicator(s);
d) functional assessment (e.g. 6 min walk test, peak VO,);

e) device assessment (e.g. structural integrity, thrombus deposition); see Annex H; the selection
criteria for all patients shall be documented in the CIP;

1) for pilot and pivotal studies of transcatheter aortic valves, an enhanced CT imaging study of
the prosthesis shall be performed for all patients or a well-defined and scientifically justified
subset within the first 3 months;

D) for pilot and pivotal studies of transcatheter mitral valves, a TEE study shall e pqrformed on
all patients within the first 3 months;

f) haemodynamic evaluation by Doppler echocardiography, or other relevarit methoflology (the
methodology chosen should be consistent for consecutive studies, see [SQ, 5840-1:2021) Annex G);

g) heartrate, rhythm and conduction abnormalities;

h) [fests for haemolysis (e.g. plasma-free haemoglobin); other blood«ests may be indicatedjhaemolytic
hnaemia shall be reported as non-structural valve dysfunction;

i) ptatus and duration of anticoagulant and/or antiplatelettherapy (e.g. INR history);

j) pardiovascular medications (e.g. heart failure ¢miedications, antithrombotic regimen and
hntiarrhythmic medications) including start/stop dates, dosage, changes, and change justification;
t is recommended that this information also be*Collected on other medications;

k) hdverse events as specified in Annex G;

1) foncomitant therapies, that can include‘cardiac assist and need for pacing;
m) Hate and reason for reinterventiony(e'g. surgical, percutaneous, ViV);

n) fate and cause of death;

o) pxplant analysis and postsmortem examination report, if performed; explant analysis shall include
histological assessmentto document the extent of thrombus and/or fibrous tissue, if present on
the leaflets; see Reference [25]; the post-mortem examination report shall include any|evidence of
prgan damage from thromboembolism.

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

7.4.9.5 Glinical investigation analysis and reporting

The clinical investigation report shall be in accordance with ISO 14155. The clinical investigation report

Shal ncludainformation an 21l cuhigctc Fcr Yvhcm Gmn]f\nfﬂf‘cn WS plaonnad G a tha “9nt nt_to_treat"

T T o e T O o e T o O o o o e eTo T THTIrrpretrreeter Prorre e et —1rre

population). For randomised studies, the groups shall include all randomised subjects, even those
who did not receive the implant. Additional analyses shall be performed on the subjects who actually
received the implant (see also Annex H and ISO 5840-1:2021, Annex L). Justification shall be provided
for those who were randomized to 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 post-market studies, the following principles shall be followed:

a) reports shall state the percentage of follow-up completeness, the reasons for patients lost to follow-
up, and provide the total number of patient follow-up years to permit linearized rate calculations
for adverse events;

© IS0 2021 - All rights reserved 25


https://standardsiso.com/api/?name=0b75746c94e459ffbb846c20da6c8928

ISO 5840-3:2021(E)

b)

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

efforts shall be made to ascertain the cause of death, including contact with local physicians if the
patient died elsewhere, obtaining details of any investigations performed shortly before death,
and post-mortem examination data and explant data if available; reliance on national healthcare
databases to simply record that death has occurred is insufficient; a high percentage of unknown
cause of death may raise suspicion of device-related deaths.

7.4.9.6 Post-market clinical follow-up

Prolonged post-market follow-up is essential in order to capture long-term data on less commadn or

unanticipated adverse events, on adverse events which are time-related (e.g. structural deterior
adverse eff¢cts on cardiac anatomy) and on long-term performance.

ion,

The initial dohort of patients included in pre-market clinical investigations shall continue to be follg

wed

in the post-fnarket setting. These patients are the best source of valid long-term data be¢ause they would

have been gxtensively studied in the pre- and peri-operative periods with full ‘decumentation,
because ovg¢rall mortality and adverse event rates can be calculated. Reasons for) removing indivi

and
dual

patients frgm longer-term follow-up shall be justified and documented. To facilitate prolonged follow-
up and avoid the need for re-consenting patients, informed consent that in€ludes details regarding the

planned du
investigatid

Further foll
with endpd

‘ation of follow-up in the post-market period should be obtaified at the time of initial cli
n consent.

pw-up to a minimum of 10 years post-implant shall be eonducted on the pivotal phase cg

study should collect safety and performance and effectiveness data (e.g. death, cause of death, st

thromboeni
not be feasi

Beyond the
additional
shall be pe
study and a

Follow-up §
include foll
needed for
be relied up
patients ar¢

ble (e.g. high-risk patients, elderly) and the follow-up duration shall be justified.

initial pivotal phase cohort of patients}.it may be appropriate to obtain clinical data
sers and patients representative of'the real-world clinical setting. If conducted, this s

methodology employed to minimize bias in patient selection.

nformed clinical and segulatory decision making. If data from individual registries a

e entered and thab all receive the same type of follow-up. Registry data shall be regu

hical

hort

ints designed based upon risk assessment and device claims. The 10-year post-implant

oke,

bolism, quality of life, valve re-intervention). In Certain situations, 10-year follow-up might

‘rom
tudy

Fformed with patients enrolled prospectively in a post-market clinical follow-up (PNICF)

hould be as complete as possible avoiding retrospective self-reporting and reports shiould
pw-up years to allow Calculation of adverse event rates, in order to generate evidence

re to

on for post-marketfollow-up, there should be independent verification that all conseciitive

larly

reviewed, and alert mechanisms should also be in place to trigger additional safety reviews based on

pre-specifig

d criteria.

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

The followi

hgprinciples of long-term post-market follow-up apply to the pre-market patient cohort|

any

dd‘ : 1 o dn. 11 | delos An )W Fal nl du. | e dnn du. H e
additiona patrentsenTorea WITITHT a T VG STUay, aiTd tO PatientsS T regrstries:

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-up shall occur prospectively at regular pre-specified intervals on a face-to-face basis
wherever possible, preferably with an independent physician, rather than telephone contact or
postal or email questionnaire;

d) follow-up shall include physician examination of the patient wherever possible and any relevant
clinical assessments. A structured imaging protocol shall be implemented. The percentage of each
follow-up method shall be documented in the final post market follow-up report;
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e) information on cause of death is particularly important, as emphasised in 7.4.9.5.
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Annex A
(informative)

Description of the transcatheter heart valve system

A.1 General

This annex
component

A.2

Desc

The descri
informatior

appropriatd.

Compo
Occludg
Structu
Compo
Deploy
Implan
Deploy
Connec
Retriey

Ability

A.3 Desc

The descrip
description

28

contains a listing of terms that may be used in describing transcatheter heart value|sy
b in device documentation (e.g. labelling, IFU).

ription of the transcatheter heart valve substitute

btion of the transcatheter heart valve substitute should includé;yat a minimum,
listed below. The description should be supported by picturésyor illustrations w

hents (e.g. leaflets, support structure, connections to leaflets,;,connections to annulus);
r/leaflet materials (e.g. pericardial, venous valve);

ral materials (e.g. stainless steel, nitinol);

nent joining materials/methods (e.g. suture materials);

ment mode (e.g. self-expanding, balloon expanding, mechanically expanding,);

[ position (e.g. aortic, mitral, tricuspid,.pulmonic, conduit);

ed valve diameter or diameter range;

tion or interaction of the device with the intended implant site;

ability;

to be placed in a specific orientation.

ription of delivery system

tion ofith€ delivery system should include, at a minimum, the information listed below
should be supported by pictures or illustrations where appropriate.

ttem

the
here

The

Deliver

\ s i £, 1 & 3 1 & ol
Cll.ll.)l udull LC-B. tlrdairsiciiivuldil, t1 ClllDCllJl\-al, |9 9 ClllDDClJ LCllJ,

Delivery tools/catheters;

Guidewire;

Introduction sheath;

Balloon;

Crimping/loading tool;

Access port;

Accessories.
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A.4 Chemical treatments, surface modifications or coatings

The description should include any chemical treatments, surface modifications or coatings used,
including primary fixation of tissue and any anti-calcification, anti-infection or anti-thrombotic
treatments.

A.5 Component description

Each of the components of the transcatheter heart valve substitute should be listed and the materials of
construction, including colorants, should be documented. The components list should include packaging
storfige sotution (€.g. for tiSSUe materiats). AN assembly SKetch shioutd be documented thatjincludes all
components, including joining materials, such as sutures.

A.6( Implant procedure

A ddgtailed description of the implant procedure, including procedures for/sizing the valve, should be
provided.
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Annex B

(informative)

Transcatheter heart valve substitute hazard analysis example

B.1 Hazards, foreseeable sequence of events, hazardous situations, and
associated harms

It is the responsibility of the manufacturer to establish a comprehensive list of hazards and associated
harms for the transcatheter heart valve system. The manufacturer should consider both' the indidated
use and antjicipated use of their device (e.g. deployment into a pre-existing prosthetic device). Table B.1

is an example that is intended to demonstrate the linkage among potential hazadrds, foresegable
sequence oflevents, hazardous situations, and harms for transcatheter heart valve systems based o the
framework|provided in ISO 14971. The example shown is not intended to be@ll-inclusive. An example
hazard analysis for TMVI devices can be found in Reference [18].
Table B.1 — Example transcatheter heart valve substitute hazards, foreseeable sequence of
events, hazardous situations, and associated harms
Hazard Foreseeable sequence of Hazardous situation Harm
events
Valve frame|radi- | Valve with insufficient Final location of'valve results |Arrhythmia
al force radial force migrates toan |in contact with conduction
unintended implant position |system
Inappropriately oversized |High force exerted by valve
valve implanted crédtes contact with conduc-
tion system
Inadequate conformance of a) Excessive paravalvular leak |a) Heart failure
the frame to the annulyg b) Excessive transvalvular b) Haemolysis
gradient
Implantatiop Device implantedin unin- Final location of valve results |Arrhythmia
error tended position in contact with conduction
system
Final location of device cre- Thromboembolic events
ates neo-sinus that cannot be
effectively washed out result-
ing in thrombus formation
Inadequate sealing around the |a) Heart failure
valve leading to excessive par- |,y ;. 5 .
avalvular leak and gradient R 7
Excessive oversizing lead- |Redundant leaflet material a) Heart failure
ing to selection of a larger leadlln_g to impaired leaflet | b) Thromboembolic events
valve than necessary / mobility and decreased device
under-expansion durability resulting in struc-
tural valve deterioration
Undersizing leading to selec- |Radial force exerted by valve |a) Heart failure
tion of a smaller valve than |on anatomy is insufficient .
: . . b) Haemolysis
necessary / under-expansion [leading to excessive paraval-
vular leak and gradient
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Hazard

Foreseeable sequence of
events

Hazardous situation

Harm

Over-expansion

Leaflets overstretched leading
to inadequate coaptation and
excessive transvalvular regur-
gitation

Heart failure

Frame subject’s annulus to
excessive radial force

a) Annular rupture

b) Annulus tissue damage

Deliperysystemnt
profiile

Detivery systemrprofite
too large for patient vessel
anatomy

Betivery systenroverextends
vessel

) Vessetdissectio
b) Vessel perfénati
c) Vessel luminal d

d) Bleeding compli

1
bn
Amage

cations

Delipery system

Delivery system too stiff

Delivery system perforates

a) Vessel dissectio

I

stiffppess to track through tortuous vessel in tortuous area .
b)Vessel luminal damage
anatomy
c) Bleeding complifations
Profruding Exposed valve frame edges |Frame edges damage vessel |a) Vessel perforatipn
franpe edges contact vessel wall during tracking b) Vessel luminal damage
c) Bleeding complifations
Frame fracture after implant, | The sharp frame edge comes |a) Annular rupture
resulting in a sharp edge to contact@ith the annulus .
b) Annulus tissue damage
c) Bleeding complifations
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Annex C
(informative)

Guidelines for verification of hydrodynamic performance —
Pulsatile flow testing

C.1 General

This annex provides guidance on test equipment, test equipment validation, formulation of|test
protocols, fest methods and test reports for the hydrodynamic performance characterization of
transcathetier heart valves. Equipment and test procedures should be appropriate.for the Vgllve's
intended ude, e.g. adult/paediatric, left/right-side, native valve/pre-existing prosthesis.

C.2 Pulsptile-flow testing

C.2.1 General

Pulsatile flpw testing is intended to characterize the performange of the transcatheter heart yalve
substitute in physiological and pathological hydrodynamic *¢enditions. Pulsatile testing brgadly
encompass¢s two separate objectives — comparison to mjdimum performance criteria providdd in
Tables 1 and 2 and comparative characterization across a range of cardiac conditions. For definitions
relevant to pulsatile flow testing, refer to the definitions;provided in ISO 5840-1:2021.

C.2.2 Mepsuring equipment accuracy

C.2.2.1 The pressure measurement systenrshould have an upper frequency limit (-3 dB cut-off) jof at
least 30 Hz|and a differential measurement accuracy of at least £0,26 kPa (*2 mmHg). The flow njeter
should havd an upper frequency limit (<3\dB cut-off) of at least 30 Hz.

C.2.2.2 R¢gurgitant volume measurements should have a measurement accuracy of at least +2 ml|

C.2.2.3 All other measuremment equipment should have a measurement accuracy of at least +5 % of the
maximum iptended testymeasurement.

C.2.3 Test apparatus requirements

c231 T
and flow wavefe at—a phystotogteal-conditions—ov qtired—phystotogtes
appropriate for the intended device application in accordance with ISO 5840-1:2021, Tables 3 and 4.
See ISO 5840-1:2021, Annex E in for guidelines regarding suggested test conditions for the paediatric
population.

e pulsatile-flow testing should be conducted in a pulse duplicator which produces pregsure

Characteristics of reasonable aortic and mitral physiological waveforms can be found in Reference [27].

C.2.3.2 It is recommended that manufacturers complete pulse duplicator system performance
characterization prior to the start of design verification testing.

A round robin study was conducted across multiple industry and academic test laboratories using St.
Jude Masters Series mechanical valves. The results from this study are summarized in Table C.1 and
may be used as a reference for performance characterization of a pulse duplicator.
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It is recommended that manufacturers utilize mechanical valve types used for the round robin study
(see Reference [27] for additional details and results summarized in Table C.1) to characterize the pulse
duplicator system performance.

Table C.1 — Performance characterization of pulse duplicator testing using mechanical valves

Valve size Position Simulated Beat rate EOA Reg. fraction
mm cardiac output beats/min cm? %
1/min (mean * sd) (mean * sd)
19 Aortic 5,0 70 1,3+0,1 6,1+1,3
25 Aortie 56 79 274—+0;2 89+09
25 Mitral 5,0 70 2,3+0,2 41+2,0
NOTE1 Results when using physiological saline with specific gravity of 1,005 and miscasity pf 1,0 cP. All

testihg conducted at a mean arterial pressure of 100 mmHg.

NOTE 2  Fixture considerations can influence measured hydrodynamic performance. The mpanufacturer
should ensure that the noise factors associated with fixturing are minimized.

NOTE3  The following St. Jude Medical Masters Series mechanical valve\medel numbers represent different
sewipg ring configurations; however, the pyrolytic carbon valve assembly/isithe same for all model fumbers for a
size and would provide similar hydrodynamic performance.

C.2.3.3 The pulse duplicator should permit measurement of time-dependent pressures and volumetric

C.2.3.4 The repeatability of the testsystem should be evaluated and documented.
C.2.3.5 Relevant dimensions_ of-the intended implant site should be simulated.

C.2.3.6 The conduit geometry and mechanical properties should be representative of the intended
implant site. For ViV and)ViR indications, the heart valve substitute should be deployed into simulated
opetfating configuratiens representative of the intended pre-existing prosthetic device.

C.2.3.7 The chamber should allow the observer to view and photograph at least the outfldw aspect of
the feart valve substitute at all stages of the cycle.

Test fixture parameters — Minimum performance testing (for transcatheter

aortievalves-enly}

C.2.4.1 Table C.2 provides recommended aortic fixture parameters for evaluating the hydrodynamic
performance of transcatheter aortic valves. The fixtures described in Table C.2 are intended to be
simplified representations of typical implantation scenarios for trileaflet calcific stenosis for comparison
to minimum performance requirements. See Figure C.1 for a schematic of a representative hydrodynamic
test fixture. For other indications, such as bicuspid aortic valve disease, the manufacturer should define
and justify the fixture parameters used.

C.2.4.2 This test fixture is not expected to be used for periodic hydrodynamic performance testing
conducted during AWT.
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C.2.4.3 The fixture attributes and recommended parameter ranges contained in Table C.2 were
established based on review of published literature, review of clinical results for currently marketed TAVI
devices, and in vitro testing conducted by manufacturers of currently marketed devices representing
balloon-expandable, self-expanding and mechanically-expanding devices. The manufacturer should
justify appropriately any parameters selected that differ from those in Table C.2 and clearly define
parameters that are not specified in the table but are needed to meet manufacturer specific requirements.
Testing of a commercially available reference valve of a similar design and construction may provide
useful data during fixture development.

Table C.2 — Aortic fixture parameters

Alttribute

Fixture parameters

Valve sizes

All available valve sizes

(Major dianpeter/ minor

circumference as the circular fixture (see Figure C.1).

Annulus diameter, D Smallest and largest diameter as recommended per product specificdtion fpr
each size.
Annulus ell{pse ratio, R, 1.0 (circular), 1.2 (ellipse). The elliptical configuration should’have the same

annulus section (same as the base of the sinus)]. See Figure C.1.

diameter)

Annulus mefchanical Minimum thickness 4mm, minimum hardness Shore 304, intended to simujate
characteristics mechanical properties of implant site.

Annulus sedtion height Target range of 5-7 mm [the annular plane is-defined as the aortic end of th

Annular cal
vices intend
stenosis onl

Fification (for de-
ed to treat aortic

)

One “calcium nodule” with minimum 1,5:mm radial protrusion into the chq
ber, and minimum 4 mm circumferertial extent. The nodule height should

match the annulus section height,.The nodule may be rounded to avoid sha
corners (maximum radius 1,5 m). The calcium nodule should be made of

rigid material (see Figure C.2-for sketch of calcification nodule).

m-

'P

worst-casetcondition is identified and justified:

circular with nodule;

1:2 ellipse with nodule along major diameter;

1.2 ellipse with nodule along minor diameter.

Leaflet height 0,5*D (D is the annulus didmeter) from the annular plane. Imm - 2 mm thidk-
ness to simulate nativedeaflet (minimum 10A durometer). The shape of the
leaflet should represent observations from clinical imaging (e.g. cylindrica
leaflet region, tapéred leaflet region).

Configuratipns Testing should'be conducted in all the configurations listed below, unless a

NOTE For pure aortic insufficiency indications, testing can be conducted ipn a

circular configuration without a nodule.

TAVI implan

t considerations

Deployment depth at nominal condition within the manufactu
recommended range. Deployment depth is measured from the annular p

Circumferential orientation of the device within the fixture to producg

11 £1 1
HIgHTST dIIIUUIIT U ICAdRAET.

rer's
ane.

the
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T

NOTE

annular plane
nodule

leaflet thickness
annulus thickness
minor diameter
major diameter
leaflet height
annulus height

Figutre C.1 — Representative schematic of TAVI hydrodynamic test fixture

This fixture depicts cylindrical shape of the native valve leaflet region.
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m<l
R1,5 mm

annulug height

Figure C.2 — Schematic of simulated calcification nodule for TAVI hydrodynamic test fixture

C.2.4.4 In|addition to testing in nominhal fixtures, characterization should be conducted in challenge
conditions that represent worst caseimplantation scenarios under nominal pulsatile flow conditjons.
No minimum performance criteria are provided for testing in challenge conditions; however] the
manufacturer should justify thiesacceptability of these results relative to anticipated clinical scendrios.

Examples of potential paranmieters for challenge conditions are listed below:

a)
b)
‘)
d)

e)

annulu$ ellipse ratio{ based on expected worst case clinical deployment of device;
annulu$ section:vion-compliant annulus section (severe annular calcification);

calcificption: 2,5 mm radial protrusion of calcification with 0,2 mm edge radius;

TAVI implant considerations: worst-case deployment depth and worst-case circumferential
orientation;

patient specific anatomical models.

C.2.4.5 Additional testing should be conducted for indications other than native trileaflet calcific aortic
stenosis (e.g. bicuspid morphology, ViR, ViV).

C.2.

5 Test fixture parameters — Minimum performance testing (for transcatheter

mitral valves only)

C.2.5.1 Table C.3 provides recommended test fixture parameters for evaluating the hydrodynamic
performance of transcatheter mitral valves. The fixtures described in Table C.3 are intended to represent
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typical implantation scenarios, for comparison to minimum performance requirements. The fixture
attributes contained in Table C.3 were selected based upon potential impact to hydrodynamic performance
and were established based on review of published literature. At the time of the release of this document,
sufficient clinical data were not available to specify parameter ranges for the attributes listed in Table C.3.
Parameters should be defined and justified based on manufacturer specific requirements. Attributes not
listed in the table may be considered and should be justified by the manufacturer.

Table C.3 — Mitral fixture parameters

Attribute Fixture parameters

Al ool ol coolzn cionc
T avarraprCvarv e STZCST

Valv

Annulus diameter, D

STZCTS

Smallest and largest resultant diameter as recommended per prodfict IFU for

each size.

Annplus ratio Justified by the manufacturer.

Commissural-
commissural (C-C)

Septal-lateral (S-L)

Annjulus compliance

Annular compliance to target that of intendedimplant site or as jugtified by

the manufacturer.

Ann|

llus section height

Justified by the manufacturer.

Ann

Llar calcification (for de-

Fixture parameters shall be detefmined based on an analysis of th¢ intended

vicep intended to treat mitral |treatment population.

regyrgitation)

Leaflet length Justified by the manufactorer.

Configurations — Testing should berconducted in all the configurations listed below, unless a

worst-case condition is identified and justified:

low end of use range;

high end of use range;

patient treatment population considerations (i.e. MAC, aoqtic devices).

TMYVI implant considerations Deploymentdepthatnominal condition withinmanufacturer recommended

range. Deployment depth is calculated from the annular plane

Circumferential orientation to be assessed for worst case (e.g.[C-C, S-L).

C.2.5.2
cond
pro
of t

In additién)to testing in nominal fixtures, characterization should be conducted jn challenge
itions that.répresent worst-case implantation scenarios. No minimum performance |criteria are
ided ford{esting in challenge conditions; however, the manufacturer should justify the acceptability
e results'relative to anticipated clinical scenarios.

C.2.p““Test parameters — Multi-range hydrodynamic characterization testing (pll
transcatheter valves)

C.2.6.1 Tests should be carried out on each valve in all positions in which it is intended to be used.
Qualitative and quantitative assessments should be made. Valves should be tested in all configurations
defined in Table C.2 and/or Table C.3.

C.2.6.2 Pressure difference should be measured at four simulated cardiac outputs between 2 1/min and
7 1/min (e.g. 2 1/min; 3,5 1/min; 5 1/min; 7 1/min), at a single simulated normal heart rate (e.g. 70 cycles/
min, systolic duration of 35 %), or as appropriate for the intended device application in accordance with
[SO 5840-1:2021, Tables 3 and 4. See ISO 5840-1:2021, Annex E for guidelines regarding suggested test
conditions for the paediatric population.
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C.2.6.3 Regurgitant volumes should be measured at test conditions listed in Table C.4, or as
appropriate for the intended device application in accordance with ISO 5840-1:2021, Tables 3 and 4.
See ISO 5840-1:2021, Annex E for guidelines regarding suggested test conditions for the paediatric
population.

Table C.4 — Regurgitant volume test conditions

Beat rate Systolic duration | Cardiac output o
- o - Pressure conditions
cycles/min %o 1/min
45 30 5 Hypotensive, normotensive, severe hypertensive
70 35 5 Hypotensive, TTOTTOteNSIve, SEVETE Ty pertensiye
120 50 5 Hypotensive, normotensive, severe hypertensiye

C.2.7 TeI procedure

At least 10 measurements of each of the following variables should be obtained fromreither consecyitive
or randomly-selected cycles:

a) mean pressure difference across the test heart valve substitute;
b) mean apd RMS flow rates through the test heart valve substitute;
c) forward flow volume;

d) cycle rdte;

e) mean afterial pressure over the whole cycle;

f) systolid duration, as a percentage of cycle time;

g) regurgitant volume, including the closing volume and leakage volume (see ISO 5840-1:2021,
Figure |2), expressed in millilitres and as. a percentage of forward flow volume; and| the
corresgjonding mean back pressure across:the closed valve.

C.2.8 Testreport
The pulsatile-flow test report should jnclude:

a) a descrjption of the fluid used for the test, including its biological origin or chemical compongnts,
temperpture, viscosity and specific gravity under the test conditions;

b) adescr]ption of the‘pulse duplicator, as specified in C.2.3, and its major components and associated
apparatus, includiiig a schematic diagram of the system giving the relevant chamber dimengions
and valve orientation, chamber compliance (if a compliant chamber is used), details of the locdtion
of the pressure-measuring sites relative to the base of the leaflets of the heart valve substifute,
pressureZmeasurement instrumentation frequency response, and the appropriate representative

' Tti 2021,

Annex E for paediatric parameters);

c) an assessment, including appropriate documentation, of the opening and closing action including
leaflet kinematics of a test heart valve substitute;

d) apermanentrecording of atleast 10 consecutive or randomly selected cycles of the time-dependent
simultaneous pressures, proximal and distal to the heart valve substitute, and the volume flow
through it. Details of mean, range and standard deviation of the following performance test
variables at each simulated cardiac output for each test heart valve substitute and reference valve
should be presented in tabular and graphic form;

1) simulated cardiac output;

2) cycle rate;
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6)
7)
8)
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systolic duration, expressed as a percentage of the cycle time;
forward flow volume;

mean and RMS flow rates;

mean pressure difference;

effective orifice area;

regurgitant volume and closing volume and leakage volume, expressed in millilitres and as a
percentage of forward flow volume; and the corresponding mean back pressure;

D)

mean arterial pressure over the whole cycle;

e) photographic and/or videographic documentation and analyses of the opening and closing

rharacteristics for the heart valve substitute;

f) results of reference valve testing, to demonstrate appropriate functioning'ef pulse duplicator system.
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Annex D
(normative)

Requirements for delivery system design and evaluation

D.1 General

ISO 25539-
requiremen
with electri
all applicab
design and

D.2 Impl

The manuf:
accordance
system. In

delivery sy}
be evaluate

loading
positiol
reposit
withdr

compat

D.3 Loacd

The manuf3
safe and r
demonstrat
with the pr

| and ISO 10555-1 were used as a basis for defining delivery system design evalug
ts specified herein. Relevant clauses of IEC 62366-1 can also apply. For deliveny-sysf
cal power, requirements of the IEC 60601-1 series can apply. The manufacturérshall d¢
e requirements based on the results of the risk assessment for the specific‘dé¢livery sy
Helivery approach (e.g. transfemoral, transapical, transseptal, intercostatl)

ant interactions with delivery system

cturer shall evaluate interactions between the implant and’ delivery system during u

addition to visual assessment of acute damage, the impact of the interaction with
tem on valve durability shall be assessed as defined. inn7.2.5.2. The following aspects
d as applicable:

crimping/loading and attachment of the device to the delivery system;

device into the delivery sheath;

ning /deployment of the device within the target implant site;
oning/recapturing of the device(if applicable) including damage to the valve;
iwal of the delivery system;

ibility with ancillary deyvices.

ling of the device into/onto the delivery system

cturer shall'define all specific performance parameters to be evaluated to verify consis
pliable loading of the device into/onto the delivery system. The manufacturer
e that the'implantable device can be reliably attached to the delivery system in accord
pduct'specification and satisfy attachment performance requirements, such as:

haoint ctrangtlh bhatazans avica and +h o d4]

ition
ems
pfine
ttem

se in

with the product specification to ensure no damage is induced to the implant or delivery

the
hall

tent,
hall
ance

attach

proper

dislodg

40

A tha Irariz cyzckana.
ICIIC OLTX \/lls\rll UULVVUOULUIT LIIU UL VILUUD dIiiu LIIv Ul IIiver ] J] JLCIII,

no damage to the device or the delivery system;
loaded/ crimped diameter;

loaded/ crimped shape (uniform or non-uniform);

orientation of the device into the delivery system;

ement force;

device sterility;

device rinsing;
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— delivery system flushing (de-airing).

D.4 Ability to access and deploy

3:2021(E)

The manufacturer shall demonstrate that the attachment between the device and the delivery system
is sufficient to permit safe, repeatable and reliable delivery of the device to the intended implant site
(e.g. native valve or pre-existing prosthetic device), release of the device from the delivery system and
safe removal of the delivery system from the patient in accordance with the product specification.
The manufacturer shall define all specific performance parameters to be evaluated to verify safe and
reliable deployment of the device within the intended implant site, such as:

force to deploy (operator interface);

method of insertion and force of insertion (impact on anatomy);

hil relevant forces required to reposition the device (if applicable);

flex/kink resistance;

bond strength (tensile and torque);

forquability;

pushability;

frackability;

hccess angle between the delivery system and the€ annular plane for trans-apical deliver
rompatibility with anatomical considerations,depending on delivery approach;

haemostasis;

y approach;

fime to deploy, including time of flow restriction or blockage, time to restore flow and effect on

crimped device;

Femodelling of surroundingsanatomical structures (e.g. transseptal puncture site);
balloon characteristics (if applicable):

— inflation/deflation time;

— relationshipbetween the implant diameter and balloon inflation pressure, including
of effeets\associated with over-inflation and under-inflation;

— relationship between the implant site compliance and balloon inflation pressure, wit
cansideration of effects of pre-existing prostheses for ViV and ViR indications;

assessment

h particular

bhaywct oo

— rated burst pressure;

— rated fatigue.
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(informative)

Examples of design specific testing

E.1 Stentcreep

An assessmlent of the potential for structural creep (e.g. polymeric frames) of the transcatheter h
valve substlitute and its structural components should be performed in order to evaluate-the
associated yith potential hazards that may be, fully or in part, related to cyclic creep of the,frame.

E.2 Environmental degradation

The degradption resistance of all materials including potential particulate géneration (under stre
appropriatg) should be determined in a physiological environment. If cyclic loading is present,
should be donducted under the same type of loading at a frequency that-will not mask any pos
forms of lodalized attack. Final forming methods, such as welding, shauld be considered.

E.3 Static pressure; “burst” test

A measurerhent of the hydrostatic load that results in cusp prolapse or tear should be conducted.

E.4 Calcification

A measurerpent of the rate and degree of calcification of the transcatheter heart valve substitute u
in vivo or in|vitro models should be consideréd:

E.5 Partjculate generation

An assessment of the number and sizes of the particulates generated during device delivery, deployn
recapture, if applicable, and removal in a simulated use model should be conducted.

E.6 Effe¢ts of device post-dilatation

eart
risk

ss if

ests

sible

sing

nent,

An assessmient of the effects of post-implant dilatation on the leaflets and frame should be conducted if

this is an eypected use condition to which the heart valve substitute will be exposed.

E.7 Expansion uniformity

An assessment of the unintended frame expansion non-uniformity in a simulated use model an
potential impact on hydrodynamic performance should be conducted.

E.8 Bailout option evaluation

d its

An assessment of the potential bailout options to mitigate any placement, deployment sequence or

release causing unexpected results (e.g. embolization, excessive PVL) should be conducted.
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E.9 Intentional cracking of a pre-existing prosthesis

An assessment of the impact of intentionally cracking a pre-existing prosthesis before, during or after
transcatheter valve deployment on device safety and performance should be conducted, if applicable.
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Annex F
(informative)

Preclinical in vivo evaluation

F.1 General

Based on the risk management assessment and in order to predict the safety and performange of
the study should be designed to provide a sufficient number of animals implanted with
transcatheter heart valve substitutes and control valve substitutes. The rationale for animalmodelq and
for the use of alternative anatomical sites and implantation methods should\be provided.

clinical use
justificatio

Evaluationg
evaluations
parameters
Acute testir

listed in Table F.1 are not intended as mandatory or all-inclusive. Each’ of the descifibed
includes the minimum parameters necessary to assess a specific issue. However, additjonal
might be relevant depending on specific study goals and/or mantfacturer product clgims.
g of transcatheter heart valve substitutes can be performed under non-sterile conditiopns.

Table F.1 — Examples of evaluations

Evaluation

Acute

Chroni¢

Haemodynajmic performance

X

Ease of use

Device migrption/embolization

Interference

with adjacent anatomical structures

R | X<

Haemolysis

Thrombo-embolic complications

Calcification

/mineralization

Pannus formation/tissue ingrowth/foreigh-body response

Structural valve deterioration and non-structural valve dysfunction

Assessment

of valve and non-valve related pathology

P PR D D DR R <

F.2 Disposition of evaluations

F.2.1 General

The evaluaf]

ionS.listed in Table F.1 can be addressed as follows.

F.2.2 Haemodynamic performance

Transvalvular mean pressure differential and regurgitation should be measured, at least on the day
of elective euthanasia, at cardiac outputs across the range of 2,5 I/min to 6 1/min. Transvalvular
regurgitation, including PVL measurement should be performed using a continuous flow measurement
technique or other methods which do not require crossing the valve with a catheter. Multiple

measureme

nts of pressure and flow should be obtained.

Measuring equipment used to assess haemodynamic performance should be described and its
performance characteristics documented.

44

© ISO 2021 - All rights reserved


https://standardsiso.com/api/?name=0b75746c94e459ffbb846c20da6c8928

ISO 5840-3:2021(E)

F.2.3 Ease ofuse

The ease of use should include a descriptive acute assessment and chronic assessment of the handling
characteristics of the transcatheter heart valve substitute system (e.g. steerability, trackability,
pushability, visibility, ergonomic characteristics, reliability of deployment, ability to recapture and
redeploy (if appropriate), procedure duration) and unique features of the system, compared to a
reference system (if appropriate). Ancillary procedures (e.g. rapid pacing, balloon valvuloplasty)
should be described. Visualization of valve function and alignment should be performed intra- and
post-operatively using appropriate imaging modalities. The performance characteristics of the selected
equipment should be documented.

F.2.4 Device migration or embolization

Desdribe and document using imaging or other techniques as appropriate to assess device migration or
embplization.

F.2.5 Interference with or damage to adjacent anatomical structures

Intefference with coronary ostia, cardiac conduction system, native valve structyres, aorta,
myofardium should be assessed and documented as appropriate.

F.2.¢ Haemolysis

Ataminimum, the following laboratory analyses should be performed: red blood cell count, haematocrit,
retiqulocyte count, lactate dehydrogenase, haptoglobinand plasma-free haemoglobin.| Additional
haerhatology and clinical chemistry analyses should, also be conducted to assess inflammatory
response, platelet consumption, and liver and renal fiiiction.

F.2.7 Thrombo-embolic events

Thrgmbo-emboli should be evaluated in termis of macroscopic description, photographic doqumentation
and [a histologic description of the thrombotic material. A full post-mortem examinatiop should be
perfprmed to disclose peripheral thrombo-emboli, both macro- and microscopically. Thrombo-emboli
coulf originate from the access site, implant site, adjacent cardiac chamber, delivery systém or heart
valvp substitute.

F.2.8 Calcification/mineralization

Calcjfication/mineratization should be evaluated in terms of macroscopic description, photographic
and [radiographic documentation and a histological description of any mineral deposits. [The results
shoyld be compatred to those of a control valve.

F.2.9 Pannus formation/tissue ingrowth

At a minimum, the distribution and thickness of pannus formation/tissue ingrowth should He described
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inflammatory response should also be included in the histologic description.

F.2.10 Structural valve deterioration and non-structural dysfunction

Structural valve deterioration and non-structural valve dysfunction should be macro- or microscopically
documented and described. If deemed appropriate by the program and/or study director, any unused
portion of the explanted transcatheter heart valve substitute should be retained in a suitable fixative
for additional studies if needed.
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