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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.

Intermationat Standards are drafted imaccordance withr the rutes giverrim the 1SO/TEC Directives, Part 2.

The |main task of technical committees is to prepare International Standards. Draft"International
Standards adopted by the technical committees are circulated to the member-bedies|for voting.
Publication as an International Standard requires approval by at least 75 % _.of the member bodies
cast|ng a vote.

Atteption is drawn to the possibility that some of the elements of this doecument may be the subject of
patent rights. ISO shall not be held responsible for identifying any or altsuch patent rights.

ISO $840-3 was prepared by Technical Committee ISO/TC 150, Implants for surgery, Subcommittee SC 2,
Cardiovascular implants and extracorporeal systems.

ISO B840 consists of the following parts, under the generak title Cardiovascular implanty — Cardiac
valv¢ prostheses:

— Part 3: Heart valve substitutes implanted by minimally invasive techniques

© IS0 2013 - All rights reserved v
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Introduction

No heart valve substitute is ideal. Therefore, a group of engineers, scientists and clinicians well aware
of the problems associated with heart valve substitutes and their development has prepared this part
of [SO 5840. In several areas, the provisions of this part of ISO 5840 have been deliberately left partially
defined so as not to inhibit development and innovation. This part of ISO 5840 specifies types of tests,
test methods and requirements for test apparatus. It requires documentation of test methods and
results. This part of ISO 5840 deals with those areas that will ensure adequate mitigation of device-
associated risks for patients and other users of the device, facilitate quality assurance, aid the cardiac
surgeon and cardiologist in choosing a heart valve substitute, and ensure that the device will be

presented ih a convenient form. This part of ISO 5840 emphasizes the need to specify types of in
testing, preflinical in vivo and clinical evaluations as well as to report all in vitro, preclinical in wivg
clinical evaluations. It describes the labels and packaging of the device. Such a process involving in |

preclinical

vivo and clinical evaluations is intended to clarify the required procedures pfiorto m4g

release and|to enable prompt identification and management of any subsequent problenis.

With regard to in vitro testing and reporting, apart from basic material testing for mechanical, phys
chemical anld biocompatibility characteristics, this part of ISO 5840 also covers inmipprtant hydrodyn
and durabiliity characteristics of transcatheter heart valve substitutes and their delivery systems.

part of ISO
offers guidg

This part o
valve subst

5840 does not specify exact test methods for hydrodynamic and durability testing b
lines for the test apparatus.

[ ISO 5840 should be revised, updated and amended as knowledge and techniques in
tute technology improve.

This part df ISO 5840 is to be used in conjunction with [S025840:2005, which will be replace

ISO 5840-1

in future.

Vitro

and
itro,
rket

ical,
hmic
This
ut it

eart

Vi
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NOTE

2

The
refe]

Scope

transcatheter heart valve substitute through risk management. The selection of

ication/validation tests and methods are to be derived from the risk dssessment. Th
de those to assess the physical, chemical, biological and mechanjcal-properties of
titutes and of their materials and components. The tests can alse-include those for p
evaluation and clinical evaluation of the finished heart valve substitute.

part of ISO 5840 defines operational conditions and perforinance requirements for tr
t valve substitutes where adequate scientific and/or clinigal’evidence exists for their ju

part of ISO 5840 is applicable to all devices intended for implantation in human
scatheter heart valve substitute.

part of ISO 5840 is applicable to both newly\developed and modified transcatheter
titutes and to the accessory devices, packaging and labelling required for their implanta
rmining the appropriate size of heart valveisubstitute to be implanted.

part of ISO 5840 excludes heart valve.substitutes designed for implantation in artifici
t assist devices.

part of ISO 5840 excludes valve-in-valve configurations and homografts.

part of ISO 5840 does/net specifically address non-traditional surgically implanted
titutes (e.g. sutureless),“For these devices, the requirements of both this part of IS
b840:2005 might berelevant and can be considered.

A rationalesfer the provisions of this part of ISO 5840 is given in Annex A.

M

Normative references

following referenced documents are indispensable for the application of this docume
ences, only the edition cited applies. For undated references, the latest edition of th

part of ISO 5840 outlines an approach for verifying/validating the desigh ‘and mpanufacture

hppropriate
e tests may
heart valve
reclinical in

hnscatheter
stification.

hearts as a

heart valve
tion and for

al hearts or

heart valve
D 5840 and

. For dated
referenced

document (including any amendments) applies.

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

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

IS0 11135-1, Sterilization of health care products — Ethylene oxide — Part 1: Requirements for development,
validation and routine control of a sterilization process for medical devices

ISO/TS 11135-2, Sterilization of health care products — Ethylene oxide — Part 2: Guidance on the application
of ISO 11135-1

© IS0 2013 - All rights reserved
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ISO 11137-1, Sterilization of health care products — Radiation — Part 1: Requirements for development,
validation and routine control of a sterilization process for medical devices

ISO 11137-2, Sterilization of health care products — Radiation — Part 2: Establishing the sterilization dose

ISO 11137-3, Sterilization of health care products — Radiation — Part 3: Guidance on dosimetric aspects

ISO 11607-1, Packaging for terminally sterilized medical devices — Part 1: Requirements for materials,

sterile barri

er systems and packaging systems

ISO 11607-2, Packaging for terminally sterilized medical devices — Part 2: Validation requirements for

forming, se

ling and assembly processes

ISO 14155,

ISO 14160,
devices utili
validation a

[SO 14630:3

ISO 14937, S
agent and t}

ISO 14971, |

ISO 17665-1
validation a

ISO 22442-
managemer

[SO 22442-]

collection and handling

ISO 22442-
elimination

ISO/IEC 17(
IEC 62366,

ASTM F205
devices in tH

ASTM F250
resonance e

ASTM F221

[linical investigation of medical devices for human subjects — Good clinical practice

bterilization of health care products — Liquid chemical sterilizing agents for single-uSe me
zing animal tissues and their derivatives — Requirements for characterization; developn
hd routine control of a sterilization process for medical devices

012, Non-active surgical implants — General requirements

terilization of health care products — General requirements for characterization of a steril

Medical devices — Application of risk management to medicaldevices

, Sterilization of health care products — Moist heat — RPant 1: Requirements for the developn
hd routine control of a sterilization process for medicgl devices

|, Medical devices utilizing animal tissues and their derivatives — Part 1: Application of
t

, Medical devices utilizing animal tissues.and their derivatives — Part 2: Controls on soun

B, Medical devices utilizing animal tissues and their derivatives — Part 3: Validation o
nnd/or inactivation of virusestand transmissible spongiform encephalopathy (TSE) agents

25, General requirements for the competence of testing and calibration laboratories
Medical devices — Application of usability engineering to medical devices

D, Standard testmethod for measurement of magnetically induced displacement force on me
e magnetic resonance environment

3, Standard practice for marking medical devices and other items for safety in the mag
hviroginent

e development, validation and routine control of a sterilization process for medical device§

ical
nent,

zing

nent,

' risk

cing,

[ the

dical

hetic

es in

B{-Standard test method for measurement of magnetically induced torque on medical devig

the magneti

¢ resonance environment

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

ASTM F2119, Standard test method for evaluation of MR image artifacts from passive implants

3 Terms and definitions

For the purposes of this document, the following terms and definitions apply.

NOTE

Additional definitions can be found in the informative annexes.

© ISO 2013 - All rights reserved
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accessories
device-specifictools thatarerequired to assistin the implantation of the transcatheter heartvalve substitute

3.2

adverse event

AE

untoward medical occurrence in a study subject which does not necessarily have to have a causal
relationship with study treatment

Note 1toentry: AnAE canbeanunfavourableand unintendedsign (includinganabnormallaboratory finding), symptom

or dl 456, LICIIPUTdl'y OI' pETIIIAlICIIL, WhELhCI OI' [TIOUI UldLCL‘l Lo Lilt‘ Pl UbLht‘LiL leVU illlpldllLdLiUll OI' PpIT'Og
3.3

arterial end diastolic pressure

minimum value of the arterial pressure during diastole

3.4

arterial peak systolic pressure

maxjmum value of the arterial pressure during systole

3.5

back pressure

diffdrential pressure applied across the valve during the closed\phase

3.6

body surface area

Aps

tota] surface area (m2) of the human body

Note|1 to entry: This can be calculated (Mosteller’s formula) as the square root of product of the
timep the height in cm divided by 3 600 (see Reférencel12]).

3.7

cardiac index

cardiac output (CO, I/min) divided by the body surface area (Aps, m2), in units I/min/m?2

3.8

clos
port]
a sin

Note

ng volume
ion of the regurgitant volume that is associated with the dynamics of the valve cloj
gle cycle

1 to entry: Sée*Figure 1.

dure.

weight in kg

ure during
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Y J
+ —
1 2/
0 /
X
Y o
Key
X time
Y flowrate
1 closingfvolume
2 leakagg volume
Figure 1 +- Schematic representation of flowctwaveform and regurgitant volumes for one cyicle
3.9
coating
thin-film miaterial that is applied to,ah element of a heart valve substitute to modify its physical or
chemical prjoperties
3.10
compliance
relationship between chdnge in diameter and change in pressure of a deformable tubular structure|(e.g.

valve annulus, aortaconduit), defined in this part of ISO 5840 as

oX(VZ —}"1))(100

C =100f
11X (p2 = p1)

where
C is the compliance in units of % radial change/100 mmHg;
p1 is the diastolic pressure, in mmHg;
P2 is the systolic pressure, in mmHg;
ri is the inner radius at p1, in millimetres;
ro is the inner radius at pp, in millimetres.

Note 1 to entry: See ISO 25539-1.

4
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3.11

component-joining material

material, such as a suture, adhesive or welding compound, used to assemble the components of a heart
valve substitute, thereby becoming part of the implant device

Note 1 to entry: See examples in Annex B.

3.12
cycle
one complete sequence in the action of a heart valve substitute under pulsatile flow conditions

transeptal)

t site in an

1 and non-

mplant site,

failure mode
mechanism of device failure

Note 1 to entry: Catastrophic support structure fracture, calcification and prolapse are examples of failure modes.

3.22
follow-up
continued assessment of patients who have received the heart valve substitute

3.23
forward flow volume
volume of flow ejected through the test heart valve substitute in the forward direction during one cycle

© IS0 2013 - All rights reserved 5
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3.24
fracture

disruption, under the action of applied stress or strain, of any part of the transcatheter heart valve
substitute that was previously intact

3.25

heart valve substitute
device used to replace the function of a natural valve of the heart

Note 1 to entry: See examples in Annex B.

3.26

imaging m
imaging me
as well as tg

3.27
implant sit
intended sif

3.28

pdality
thod used to facilitate delivery and/or retrieval of the implant within the target implant]
assess valve performance after implantation

e
e of transcatheter heart valve substitute deployment

intended ulse

use of a pro
provided by

3.29

leakage vo
component
single cycle

Note 1 to en
defined and

duct, process or service in accordance with the specifications, instructions and inform4
the manufacturer

lume
of the regurgitant volume that is associated with'leakage during closed phase of a valvg
and is the sum of the transvalvular leakage velume and paravalvular leakage volume

try: The point of separation between the closing and leakage volumes is obtained according
btated criterion (the linear extrapolation shewn in Figure 1 is just an example).

Note 2 to enfry: See Figure 1.

3.30
mean artel
time-averag

3.31

mean pres
time-averag
the forwarg

3.32
non-struct
abnormalit

rial pressure
ed arithmetic mean value-of the arterial pressure during one cycle

sure difference
ed arithmeticémean value of the pressure difference across a heart valve substitute dy
flow phasg‘efthe cycle

ural valve dysfunction
I extrinsic to the transcatheter heart valve substitute that results in valve dysfung

site,

ition

ina

to a

ring

tion

(stenosis, reg

3.33

Trtorcrotr-oTrootIt

occluder/leaflet
component that inhibits back flow

Note 1 to entry: See examples in Annex B.

3.34

paravalvular leakage volume
component of the leakage volume thatis associated with leakage around the closed heartvalve substitute
during a single cycle

© ISO 2013 - All rights reserved
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rence valve
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heart valve substitute with a known clinical experience used for comparative preclinical and clinical
evaluations

3.36
regurgitant fraction
regurgitant volume expressed as a percentage of the forward flow volume

3.37
regurgitant volume

volu
is th

Note

3.38

repgsitioning

char
tran

3.39
retr
rem

3.40
riski
com

Note

3.41
riskK|
syst

Note

3.42
risk|
over

Note

3.43
root
RMS
squa

e of fiuid that flows througir a heart vatve Substitute I the TeVerse direction during.o
e sum of the closing volume and the leakage volume

1 to entry: See Figure 1.

ge in implant position of a partially or fully deployed transcatheter heart valve subs
catheter technique, possibly requiring full or partial recapturing of;the device

jeval
pval of a partially or fully deployed transcatheter heartvalvesubstitute via a transcathetg

bination of the probability of occurrence of harm‘and the severity of that harm

1 to entry: Adapted from ISO 14971.

analysis
bmatic use of available informatijonto identify hazards and to estimate the associated r

1 to entry: Adapted from ISO 14971.

assessment
all process comprising’a risk analysis and a risk evaluation

1 to entry: Adapted from ISO 14971.

mean square forward flow
forward flow
re'Teot of the integral of the volume flow rate waveform squared during the positive

pre

e cycle and

titute via a

rtechnique

isks

differential

sure interval of the forward flow phase used to calculate EQA

Note

1 to entry: See Figure 2.
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N

= =

\b \J
| | | | | [ | | >
0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8
Key title
1 aortic pressure
2 left vemptricular pressure
3 aortic flow rate
a Positive pressure range.
b Qrms rqnge.
Figure 2|— Schematic representation of the positive pressure period of an aortic forward
flow interval
3.44
safety

freedom fra

m unacceptable’risk

Note 1 to enfry: Adapted from ISO 14971.

3.45
severity

measure of

the possible consequences of a hazard

Note 1 to entry: Adapted from ISO 14971.

3.46

special processes
processes for which the product cannot be fully verified by inspection or test

© ISO 2013 - All rights reserved
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3.47

sterility assurance level

SAL

probability of a single viable microorganism occurring on an item after sterilization

Note 1 to entry: The term SAL takes a quantitative value, generally 10-6 or 10-3. When applying this quantitative
value to assurance of sterility, an SAL of 10-6 has a lower value but provides a greater assurance of sterility than
an SAL of 10-3,

[1SO/TS 11139, definition 2.46]

3.48
sterjlization
validated process used to render product free from viable microorganisms

Note|1 to entry: In a sterilization process, the nature of microbial inactivation is exponentialand thuq the survival
of a tpicroorganism on an individual item can be expressed in terms of probability. While'this probdbility can be
redufed to a very low number, it can never be reduced to zero.

Note|2 to entry: See sterility assurance level (3. 47).

Note|3 to entry: Adapted from ISO/TS 11139.

3.49
strulctural component failure
degrjadation of structural integrity of the support structure’ (e.g. strut fractures) that results in the
fundtional performance of the implant no longer being aé¢eptable and/or that results in advlerse events

3.5

structural valve dysfunction
struftural abnormality intrinsic to the transcatheter heart valve substitute that results in valve
dysflnction (stenosis and/or transvalvular and/or paravalvular regurgitation)

3.5

support structure
portjion of the transcatheter heart valve substitute that transfers loads between occluder and implant
site and anchors the device within‘the implant site

3.5
surgically implanted héart valve substitute
hearntvalvesubstitutegenerallyrequiringdirectvisualizationand cardiopulmonarybypassforimplantation

3.5

transcathetertheart valve substitute
heaift valve substitute implanted in a manner generally not involving direct visualization, and generally
invo]vingsa beating heart

3.5
transcatheter heart valve system
implantable device, delivery system, accessories, packaging, labelling and instructions

3.55

transvalvular leakage volume

component of the leakage volume that is associated with leakage through the closed valve during a
single cycle

3.56

usability

characteristic of the user interface that establishes effectiveness, efficiency, ease of user learning and
user satisfaction

© IS0 2013 - All rights reserved 9
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3.57
valve loadi

ng

process to affix or attach a transcatheter heart valve substitute onto a delivery device and collapse the
valve (e.g. reduce its diameter) for insertion via the delivery system (e.g. catheter), performed either

during man

ufacture or in the clinic

4 Abbreviations

For the purposes of this part of ISO 5840, the following abbreviations apply.

AE

A 3 S
naveTrSCEvenT

EOA
AWT
CFD
ECG
FEA
[FU
LV
MAP
MRI

5 Fundd

The manufg

Effective orifice area
Accelerated wear testing
Computational fluid dynamics
Electrocardiogram

Finite element analysis
Instructions for use

Left ventricle, left ventricular
Mean arterial pressure

Magnetic resonance imaging

mental requirements

cturer shall determine, at all stages of the product life cycle, the acceptability of the pro|

for clinical yise.

6 Devic

6.1 Intern

The manuf
population,

p description

jded use

hcturer shall identify the physiological condition(s) to be treated, the intended pa
potential‘adverse events and intended claims.

duct

tient

6.2 Designinputs

6.2.1 Operational specifications

The manufacturer shall define the operational specifications for the device, including the principles
of operation, intended device delivery approach/process, expected device lifetime, shelf life,
shipping/storage limits, and the physiological environment in which it is intended to function. The
manufacturer shall carefully define all relevant dimensional parameters that will be required to
accurately select the size of device to be implanted. Table 1 and Table 2 define the expected physiological
parameters of the intended adult patient population for transcatheter heart valve substitutes for both

normal and

10

pathological patient conditions.

© ISO 2013 - All rights reserved
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Table 1 — Heart valve substitute operational environment for left side of heart — Adult population

Parameter

General condition

Surrounding medium

Human heart/human blood

Temperature

34°Cto42°C

Heart rate

30 bpm to 200 bpm

Cardiac output

31/min to 15 1/min

Arterial peak | Arterial end Peak differential pressure
Blood pressures and resultant pressure loads systolic diastolic across closed valvea
by pptient condition pressure pressure Aortic Apa Viitral Apy

mmHg mmHg mmHg mmHg

Normotensive 120 80 100 120
Hypptensive 60 40 50 60
Hypprtensive
Mild 140 to 159 90 to 99 115 to 129 140 to 159
Modlerate 160 to 179 100 to 109 130 to 144 160 to 179
Sevdre 180 to 209 110 to 119 145 to 164 180 to 209
Veryf severe =210 1020 > 165 =210

a  Peak differential pressure across closed aortic valve is estimated using the following relationship:

— APaortic approximately pressure associated with dicrotic notch dssuming LV pressure is zero approximatel
diasfolic pressure + 1/2(arterial peak systolic pressure - arterialeend diastolic pressure).

— Heak differential pressure across closed mitral valve estimiated to be equivalent to arterial peak systolic g

ly arterial end

ressure.

Table 2 — Heart valve substitute operational environment for right side of heart — Adult
population
Parameter General condition
Surfounding medium Human heart/human blood
Temperature 34°Cto42°C
Heart rate 30 bpm to 200 bpm
Cardiac output 31/min to 15 1/min
Forward flow volume 25 ml to 100 ml
) ) Pulmonary Peak differential pressure
Right ventricle artery end across closed|valvea
Bloqd pressuses‘and resultant pressure loads | peak systolic diastolic - -
by patient condition pressure Pulmonary [ricuspid
mmHg pressure App Apt
mmHg mmHg mmHg
Norimotensive 181035 8to 15 131025 18to 35
Hypotensive 15 5 10 15
Hypertensive
Mild 40 to 49 15to 19 28to 34 40 to 49
Moderate 50 to 59 20 to 24 35to 42 50to 59

pressure.

a  Peak differential pressure across closed pulmonary valve is estimated using the following relationship:

— APpulmonic approximate pressure associated with dicrotic notch assuming RV pressure is zero approximately pulmonary
artery end diastolic pressure + 1/2(right ventricle peak systolic pressure - pulmonary artery end diastolic pressure).

— Peak differential pressure across closed tricuspid valve estimated to be equivalent to right ventricle peak systolic

© IS0 2013 - All rights reserved
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Table 2 (continued)

Parameter General condition
Severe 60 to 84 25to 34 43 to 59 60 to 84
Very severe 85to0 120 > 35 60to 78 85to0 120

a  Peakdifferential pressure across closed pulmonary valve is estimated using the following relationship:

— APpulmonic approximate pressure associated with dicrotic notch assuming RV pressure is zero approximately pulmonary
artery end diastolic pressure + 1/2(right ventricle peak systolic pressure - pulmonary artery end diastolic pressure).

— Peak differential pressure across closed tricuspid valve estimated to be equivalent to right ventricle peak systolic
pressure.

6.2.2 Performance specifications

The manufpcturer shall establish (i.e. define, document and implement) the clinical performpnce
requirements of the device and the corresponding device performance specifications.for the intended
use and devjce claims. The followinglist of desired clinical and device-based performatice characteriftics
describe a dafe and effective transcatheter heart valve substitute system.

6.2.2.1 Implantable device

The design pttribute requirements of ISO 14630:2012, Clause 5, shall apply. The intended performpnce
of the transfcatheter heart valve substitute shall take into account atleast the following:

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

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

c) the ability to be safely retrieved and/or repositioned (if applicable);
d) the ability to ensure effective fixation within the target implant site;
e) theability to maintain structural and funetienal integrity during the expected lifetime of the deyice;

f) the abillity to conform with anatomieal structures within the implant site (e.g. in the aortic position,
there id potential for interaction with coronary ostia, anterior mitral leaflet, AV bundle branch);

)

g) the ability to allow forward flow'with acceptably small mean pressure difference;

h) the ability to prevent retrograde flow with acceptably small regurgitation, including paravalyular
leakagd;

i) the ability to resistimigration and embolization during the expected lifetime of the device;
j)  the ability to. minimize haemolysis;

k) the abilityto minimize thrombus formation;

1) the ability to maintain its functionality for the intended application consistent with the target
patient population.

6.2.2.2 Delivery system

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

a) the ability to permit consistent, accurate and safe access, delivery, placement and deployment of the
transcatheter heart valve substitute to the intended implant site;

b) the ability to permit consistent and safe withdrawal of the delivery system prior to and after
deployment of transcatheter heart valve substitute;
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c) the ability to minimize haemolysis;
d) the ability to minimize thrombus formation;
e) the ability to minimize blood loss (haemostasis);

f) theabilitytoretrieve, reposition and/orremove the transcatheter heartvalve substitute (ifapplicable).

6.2.2.3 Transcatheter heart valve system

The design attributes to meet the intended performance of the transcatheter heart valve system shall

t k HYS ot ] £l o £.11 Y
a IO aCtouUIIt atICasttIrC TOTTO W IITg.

a) fhe compliance of the transcatheter heart valve system with the requirements of 15O 10993-1 and
hppropriate other parts of ISO 10993;

b) the visibility of the transcatheter heart valve system under fluoroscopy or other imaging modalities;
c) fpompatibility with magnetic resonance imaging (MRI);

d) the ability of the transcatheter heart valve system to maintain its functionality and stefrility for its
kpecified shelf life prior to implantation.

6.2.3 Implant procedure

The ¢ntire system shall provide intended users with the abilityto safely and effectively perform|all required
pre-pperative, intra-operative and post-operative procedural tasks and achieve all desired objectives.
This|shall include all other tools and accessories that intended users will use to complete the procedure.

NOTE For guidance on how to determine and establish design attributes pertaining to the use ¢f the system
to copnduct the implant procedure, see IEC 62366.

6.2.4 Packaging, labelling and sterilization

The [transcatheter heart valve substitute system shall meet the requirements for packaging, labelling
and pterilization contained withiirnAnnex C, Annex D and Annex E, respectively.

The |manufacturer shall prioyide sufficient information and guidance in the labelling tp allow for
appijopriate preparation of'the implant site (e.g. balloon valvuloplasty), accurate selection of pppropriate
implant size and reliableimplantation of the transcatheter heart valve substitute.

6.3 | Design outputs

The manufacturer shall establish (i.e. define, document and implement) a complete specifidation of the
trangcatheter heart valve substitute system, including component and assembly-level spegcifications,

delivery system, accessories, packaging and labelling. Annex F contains a listing of terms that may
be ummwmmmﬂdmmmw&mmﬁhem valve

substitute system, the implant procedure itself should be considered an important element of safe and
effective heart valve therapy.

6.4 Design transfer (manufacturing verification/validation)

The manufacturer shall generate a flowchart identifying the manufacturing process operations
and inspection steps. The flowchart shall indicate the input of all components and important
manufacturing materials.

As part of the risk management process, the manufacturer shall establish the control measures and
process conditions necessary to ensure that the device is safe and suitable for its intended use. The
risk management file shall identify and justify the verification activities necessary to demonstrate the
acceptability of the process ranges chosen.
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The manufacturer shall establish the adequacy of full scale manufacturing by validation of the
manufacturing process. The manufacturer shall validate all special processes and process software,
and document the results of the validation.

NOTE See ISO 13485.

6.5 Risk management
The manufacturer shall define and implement a risk management program in accordance with ISO 14971.

Annex G contains a list of potential hazards specific to heart valve substitutes that can serve as the basis
for a risk arfalysis.

7 Design verification testing and analysis/design validation

7.1 Gendral requirements

The manuf3
in a transc:
meets desig

cturer shall perform verification testing to demonstrate that the device specificationsr
itheter heart valve substitute system that meets the design specitications (design oy
n input). The manufacturer shall establish tests relating to hazards identified from the

bsult
tput
risk

analysis. The protocols shall identify the test purpose, set-up, equipment (specifications, calibraftion,

etc.), test cd
for the devi

The manuf3
7.2 Invit
7.2.1 Tes

7.2.1.1 Te
clinical use
chemicals, :
recapturing
Any deviati

7.2.1.2 The specimens selected for testing shall fully represent the total implant size range. Depen

on the parti
shall at leag
deployed d
variability i

nditions (with a justification of appropriateness to anticipated in vivo operating condit
Ce), acceptance criteria and sample quantities tested.

cturer shall validate the design of the transcatheter heart valve substitute system.
ro assessment
[ conditions, sample selection and reporting requirements

st specimens shall represent, as-closely as possible, the finished product to be supplie
including exposure to the maximum number of recommended sterilization cycles, prd
iging effects, and any catheter loading and deployment steps (including repositioning
if applicable) in accordance with all manufacturing procedures and IFU, where appropt
bns of the test specimens.from the finished product shall be justified.

cular test, testing might not necessarily have to be completed for each discrete valve sizg
t be completéd for the largest and smallest sizes, each deployed to the largest and sma
ameterscas’ per the IFU. Sampling shall ensure adequate representation of the expe
h the mantfacture of devices. A rationale for device size selection shall be provided.

7.2.1.3 Fqg

ions

1 for
cess
and
iate.

ding
, but
llest
cted

r-all tests, the number of samples shall be justified based on the specific intent of the

test.

Additional recommendations regarding sampling and sample conditioning are included within each test
method defined herein, as appropriate.

7.2.1.4 Where simulation of in vivo conditions is applicable to the test method, consideration shall be
given to those operational environments given in Table 1 and Table 2 for the adult population. See Annex
H for guidelines regarding suggested test conditions for the paediatric population. Where applicable,
testing shall be performed using a test fluid of isotonic saline, blood, or a blood-equivalent fluid whose
physical properties (e.g. specific gravity, viscosity at working temperatures) are appropriate to the test
being performed. The test fluid used shall be justified. The testing shall be performed at the intended
operating temperature as appropriate.

7.2.1.5 Test methods for verification testing shall be appropriately validated. Refer to applicable
sections of ISO/IEC 17025.
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a) rationale for the test;

b) identification and description of the transcatheter heart valve substitute system elements tested
(e.g. batch number);

c) identification and description of the reference valve(s) where appropriate;

d) number of specimens tested, and rationale for sample size;

e) detailed description of the test method including preconditioning to simulate intended use;

f) perificationthatappropriate quality assurance standards have been met (e.g. Good Laboratory Practice);

g) [festresults and conclusions.

Statistical procedures, such as the ones described in Annex I, may be used to assist data andlysis.

7.2.2 Material property assessment

7.2.2.1 General

Proyjerties of the transcatheter heart valve substitute system.components (e.g. support strufcture, valve

leaflets) shall be evaluated as applicable to the specific design of the system as determined by the risk

assessment. The materials requirements of ISO 14630:2012, Clause 6, shall apply. Additipnal testing

spedific to certain materials shall be performed to determine the appropriateness of the material for
n the design. For example, materials dependent:6h shape memory properties shall be gubjected to

i¢ological risk<¢shall be characterized through evaluation of data on, for example, mod

ng in order to assess transformation properties.

sources and for the eniission of any tests identified by ISO 10993-1 but not performed
rd identification stage’of a biological safety evaluation, sufficient information shall be

the identification ot toxicological hazards and the potential for effects on relevant hae

cteristics. Where an identified hazard has the potential for significant clinical

-responsejexposure level, biochemical interactions and toxicokinetics.

ranscatheter heart valve substitutes using animal tissue or their derivatives, the risk ass
seofthese materials shall be evaluated in accordance with ISO 22442-1,1S0 22442-2 and |

b substitute
in the risk

b a rationale
rained from

During the
obtained to
matological
effects, the
e of action,

ciated with
SO 22442-3.

7.2.2.3 Material and mechanical property testing

The material properties of all constituent materials comprising the transcatheter heart valve substitute
system and each element thereof shall be evaluated as applicable to its specific design. Scientific
literature citations or previous characterization data from similar devices can be referenced; however,
the applicability of the literature data to the transcatheter heart valve substitute shall be justified.

Mechanical properties shall be characterized at various stages of manufacture, as applicable: a) for the
structural component raw materials, b) for the structural component in its final manufactured state,
and c) for the finished device after applicable catheter loading and deployment states. Environmental
conditions that might affect device or component performance or durability shall be evaluated and
included in testing protocols (e.g. shelf life testing). Annex | provides potentially relevant physical,
mechanical and chemical properties by material class and components. Annex K provides a list of
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standards that might be applicable to the testing of materials and components. Annex L provides
guidance on mechanical property characterization of raw and conditioned materials. Annex M provides

guidance on corrosion assessment.

7.2.3 Device hydrodynamic performance assessment

Hydrodynamic testing shall be performed to provide information on the fluid mechanical performance
of the transcatheter heart valve substitute and provide indicators of valve performance in terms of
load to the heart and potential for blood stasis and damage. The implant shall be deployed into the test

accuracy arld repeatability of the test system shall be evaluated and documented.

A guideline for the performing and reporting of hydrodynamic tests is provided in Annex N>The detailed
protocols shall be defined based on the findings of the risk assessment.

The minimyim performance requirements provided in Table 3 and Table 4, provided as a functign of
deployed valve diameter (in mm), shall be used as a frame of reference for dssessing transcatheter
heart valve|substitute performance. The parameters in Table 3 and Table 4 assume a circular deplpyed
valve diamgter; however, anticipated variation in deployed shapes shall he evaluated (e.g. round,|out-

of-round).

or deployed valve diameters outside the ranges listed in Tahle 3"and Table 4, justificatipn of

performande parameters shall be provided by the manufacturer. When assessing retrograde flow, the
manufacturer shall evaluate both the transvalvular regurgitant volurhe and the combined transvalyular
and paravalvular regurgitant volume independently for comparison against the corresponding vglues
listed in Table 3 and Table 4. EOA and regurgitant fraction values that do not comply with those listed
in Table 3 and Table 4 shall be justified by the manufacturer."At a minimum, the performance shall be
characterizpd at the smallest and largest intended deployed diameters; the deployed valve diameter
within the relevant region of the implant site may be smaller than the unconstrained valve diamgeter.
The minim@im performance requirements correspond to the following pulsatile flow conditions: |beat
rate = 70 cycles/min, simulated cardiac output =*5,0 1/min, mean aortic pressure = 100 mmHg,|and
systolic durfation = 35 %. These pulsatile flow conditions are based on a healthy normal adult and might
notbe applifable for paediatric device evaluation (see Annex H for paediatric parameters). The minijnum
performande requirements are based on,values in the published scientific literaturel2][13]1[22],

Table 3 — Minimum device performance requirements, aortic

Deployed valve diameter within implant site
Parameter mm

17 19 21 23 25 27 29 3

Ago (cm?2) giteater than.orequal to 0,70 0,85 1,05 1,25 1,45 1,70 1,95 2125
) .

Transvalvulpr regurgitant fraction (% of 10 10 10 10 15 15 20 20
forward floy volumie) less than or equal to
Total regurgitant fraction (% of forward ic i o0 0 on 20 nr Jc
flow volume) less than or equal to N N - - - - - -

16
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Table 4 — Minimum device performance requirements, mitral

Parameter Deployed valve diameter within implant site
mm

23 25 27 29 31 33
Ago (cm?2) greater than or equal to 1,05 1,25 1,45 1,65 1,90 2,15
Transvalvular regurgitant fraction 15 15 15 20 20 20
(% of forward flow volume) less than
or equal to
Total regurgitant fraction (% of 20 20 20 25 25 25
forward flow volume) less than or
equal to
The|total regurgitant fraction shall include closing volume, transvalvular leakage yolume and

pargvalvular leakage volume.

EOA = —JVRMs
51,6+ |47
p
where
EA is the effective orifice area (cm?2);
Q rus is the root mean square forward flow (ml/s) during the positive different
period;
Ap is the mean pressure difference fmeasured during the positive differentig
period) (mmHg);
p is the density of the test fluid (g/cm3).
NOTE1  Thisformulais derived from( simplified version of the Bernoulli Equation and as such ha

The ¢onstant (51,6) is not dimensionless, thus this equation is only valid with the units shown.

NOTE 2

Defining the time intérval for flow and pressure measurement as the positive pressure

forwprd flow interval for EOA_computation provides repeatable and consistent results for comp{
Tabl¢ 3 and Table 4 referencejvalues. It is recognized that this approach may not equate to the EOA

apprpaches employed clinically.

NOTE 3

NOTE 4
square of instantaneous flow rate, and it is the mean pressure difference that is required.

al pressure

| pressure

5 limitations.

period of the
irison to the
computation

where

RMS forward flow is calculated using the equation
g
INTEORT
IR
Ay rurs is root mean square forward flow;
qvlt is instantaneous flow at time ¢;
t1 is time at start of positive pressure;
t2 is time at end of positive pressure.
The rationale for use of qygruys is that the instantaneous pressure difference is propor
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7.2.4 Structural performance assessment

An assessment of the ability of the implant to withstand the loads and/or deformations to which it will
be subjected shall be performed in order to evaluate the risks associated with potential structural
failure modes.

7.2.4.1 Device durability assessment

An assessment of the durability of the valve shall be performed in order to assess continued function over
a reasonable lifetime. Unless the labelling for a particular device includes an explicit statement about
anticipated in vivo device lifetime, testing shall be performed to demonstrate reasonable assurance that

transcatheter heart valve substitutes will remain functional for at least 200 million in vitro testey
For materialls without established clinical history as a valve leaflet/occluder, testing durations,of'gr
than 200 mjllion cycles shall be considered, and scientifically justified if not performed. If thefabe
for a particular device includes an explicit statement about anticipated in vivo device lifetime, tes
shall be perfformed to support the labelling claim.

The requirgments of 7.2.1.1 shall apply. One equivalent size reference valve shall be tested u
identical hyfjdrodynamic loading conditions for each valve size tested. Tests shall be performed

defined dif!
See Annex

the durabil
maintained
equal to or
Cycle rates
modes, and
leaflet/occl
during testi

If transcath
positions, t
position. Cd
and intende
critical asp

The implan
accordance
and frequel
of 50 millio
heart valve
at the estal
be perform
damage ang
shall be ver]
pass/fail cr

I cycles or less for the duration of the test. A detailed description of the appearance o

erential pressure consistent with normotensive conditions specified in Table 1 or Tah

cles.
ater
lling
ting

nder
at a
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H for guidelines regarding suggested test conditions for the paediatric population. Dy
ty testing, the defined target peak differential pressure across the closed valve sha
for 95 % or more of all the test cycles. Each test valve shallexperience a differential pres
breater than the defined differential pressure for 5 %.er more of the duration of each d
used for durability testing shall be justified based on)the valve design, anticipated fa
the behaviour of time-dependent materials. Test(valves shall experience the full ran
ider motion associated with normotensive conditions (see Table 1, Table 2 and Anne

ring
1l be
sure
ycle.
lure
e of
x H)

ng.

eter heart valve substitutes identical in_design are intended for implant in multiple ¥
esting shall include the differential pressure conditions defined for the worst case
nsideration shall be given to variation in deployed valve shape (e.g. round, out-of-ro
d operating temperature. In addition, test fixturing shall be designed to be representati
cts of the target implant site (e.g. compliance, geometry).

t shall be deployed into the test fixturing using the loading and deployment stef
with the IFU. Valves undergoing cycling in durability testers shall be observed at reg
it intervals (e.g. daily or weekly). Valves shall also be functionally evaluated at intej

and hydrodynatnic performance shall be documented prior to testing, throughout the
lished inspeCtion intervals, and at the completion of test. The durability assessment
bd by characterization of the test valve in terms of the observed damage and the exte
| by imposing pass/fail criteria for identified damage. The durability test setup paramg
ified by use of an appropriate reference valve. The failure modes to be considered anc
teria for the test shall be determined based upon the risk assessment.

alve
alve
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ve of

s in
ular
vals
f the
test
chall
nt of
pters
| the

Dynamic failure mode testing shall be conducted. Guidelines for durability testing, including dynamic

failure mod

e evaluation, are provided in Annex O.

7.2.4.2 Device structural component fatigue assessment

An assessment of the fatigue performance of the transcatheter heart valve substitute support structure
shall be conducted; all components comprising the support structure, including anchoring features, shall
be appropriately considered. Unless the labelling for a particular device includes an explicit statement
aboutanticipated in vivo device lifetime, testing shall be performed to demonstrate reasonable assurance
that the support structure will remain functional for a minimum of 400 million cycles for critical loading
modes. If the labelling for a particular device includes an explicit statement about anticipated in vivo
device lifetime, testing shall be performed to support the labelling claim. Failure criteria for fatigue
testing shall be justified by the manufacturer based on the results of the risk assessment.
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The manufacturer shall identify and justify the appropriate in vivo loading and environmental conditions
used. Fatigue test and analysis shall, at a minimum, use conditions consistent with pressures associated
with moderate hypertensive conditions listed in Table 1 and Table 2 and other relevant in vivo loading
conditions. See Annex H for guidelines regarding suggested test conditions for the paediatric population.
In addition, dynamic effects imparted by leaflet/occluder motion on resulting stress/strain magnitudes
during valve closure shall be addressed.

Test specimens shall represent, as closely as possible, the finished product as supplied for clinical use,
including exposure to the maximum number of recommended sterilization cycles, process chemicals,
agingeffects,and any catheter crimping, loadingand deploymentstepsinaccordance with manufacturing
procedure and IFU. Consideration shall be given to anticipated variations in the deployed device shape.

Devices shall be tested at the intended operating temperatures and environmental €o
addition, test fixtures shall be designed to be representative of critical aspects of the target
(e.g.lcompliance, geometry). The implant shall be deployed into the test fixtures using-the

nditions. In
mplant site
oading and

deplpyment steps in accordance with the [FU.

ated in vivo
nts shall be

idated stress/strain analysis of the structural components of the implantander simul
conditions shall be performed on all structural components. Loading from altyvalve compong
congidered. For example, where analysis is only required for the support structure, it might be necessary
to irfclude reaction loads associated with dynamic effects of leaflet/occluder closure in thg analysis in
orddr to simulate in vivo loading realistically. An appropriate validated constitutive modlel for each
mat¢rial shall be used in any stress analysis, including time-dependént, temperature-depenflent and/or
nondlinear models.

imulated in
hted failure

associated
the specific
nnex L.

Fatigue characterization and lifetime assessment of the-structural components under s
vivo [conditions shall be performed in order to evaluate‘risks associated with fatigue-rel
s. The manufacturer shall determine and justifythe fatigue assessment approach ang
acterization technique adopted in order to best determine the structural lifetime for

mat¢rial and valve/component design. Suggested’guidelines are provided in Annex P and At

7.2.4.3 Component corrosion assessment

An 4
hean
can

elect
com

hnscatheter
n potential
ral etching,
he finished

ssessment of the corrosion resistance of all constituent materials comprising the tr
t valve substitute system shall be conducted. It is well established that metal corrosi
be sensitive to variations«<il® manufacturing processes (e.g. heat treatment, chemi
ropolishing). Therefore,\the corrosion resistance shall be characterized using t
bonent. Annex M provides guidance on corrosion resistance characterization.

The
mec

[l corrosion
ts.

manufacturer shall’provide rationale for the selected test methods and justify that a
nanisms and conditions have been considered through testing or theoretical assessmer

7.2.%

b Additional implant design evaluation requirements

The
prov

ion shall be
nal implant
S shall define all
appllcable requlrements based on the results of the rlsk assessment for the spec1f1c dev1ce design.

following implant design evaluation requirements shall apply as appropriate. Justificat
ided\for those requlrements thatare deemed not appllcable toa partlcular design. Addltl(

7.2.5.1 Device migration resistance

The ability of the implantable device to remain in the target implant site under simulated operating
conditions shall be assessed. Consideration shall be given to variation in deployed shape, deployed size,
implant site characteristics (e.g. degree and distribution of calcification) and mechanical properties (e.g.
compliance). The pressure conditions specified in Table 1 and Table 2, and other loading conditions,
shall be considered as applicable. See Annex H for guidelines regarding suggested test conditions for the
paediatric population. One suitable method to assess device migration resistance is to utilize a pulsatile
test conducted by ramping up the pressure in a step-wise manner.
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7.2.5.2 Device MRI safety

The manufacturer shall evaluate the safety and compatibility of the implant with the use of MRI as per
ASTM standards F2052, F2213, F2182, F2119, and F2503.

7.2.5.3 Implant foreshortening (length to diameter)

The manufacturer shall determine the relationship between implant length and expanded implant
diameter. Depending on the design, the length of a device might change with deployed diameter. The

specific implant length could affect implant function.

7.2.5.4

The manuf
crushinglo
[FU. This is

thecru
suppor
uniforn

the cru
permar
applied,

7.2.5.5 R«

Determine {
deployment

7.2.5.6 D

Determine

7.2.5.7 Radial resistive force

For self-exy
support str
diameter p¢

ush resistance

icturer shall determine the ability of the support structure to resist deformation dy
ds over a diameter range that spans the recommended range of deployed diameters pe
accomplished by the following evaluations:

Ch resistance testwith aradiallyappliedload measures the ability of thetion-self-expan
L structure to resist permanent deformation when subjected-to)a circumferent
h radial load;

5h resistance test using parallel plates measures the ability of the support structure tor
ent deformation along the entire length of the device when ‘subjected to a load unifo
over the length of the device.

pcoil (balloon expandable stents)

he amount of device diameter elastic recoil (percent of device diameter reduction) afte
of the implant. Correlate this recoil to recommended sizing.

mensional verification

he appropriate dimensions for conformance with design specifications.

r the [FU. See nitinel-specific definitions in Annex ].

anding support struetures, the manufacturer shall characterize the force exerted by
Licture as it resistsradial compression from its maximum diameter to its minimum cfyi

e to
r the

ding
ially

psist
rmly

 the

the

7.2.5.8 Chronic outward force (COF)

For self-expanding-support structures, the manufacturer shall characterize the force exerte
the support structure as it attempts to expand to its maximum unconstrained diameter after Heing
radially compressed to its minimum crimp diameter as per the IFU. Depending on the support strudture
design, the COF might be different in different regions of the support structure and should be evaluated
accordingly. See nitinol-specific definitions in Annex J.

1l by

7.2.6 Delivery system design evaluation requirements

ISO 25539-1 and ISO 10555-1 were used as a basis for defining delivery system design evaluation
requirements specified herein. Justification shall be provided for those requirements that are not
applicable. The manufacturer shall define all applicable requirements based on the results of the risk
assessment for the specific delivery system design and delivery approach (e.g. transfemoral, transapical).
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7.2.6.1 Implantinteractions with delivery system
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The manufacturer shall evaluate interactions between the implant and delivery system during use in
accordance with the [FU to ensure no damage is induced to the implant or delivery system. The following
aspects shall be evaluated as applicable:

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

positioning/deployment of the device within the target implant site;

mmediate re-use;
withdrawal of the delivery system from the patient;

component dimensional compatibility with ancillary devices.

7.2.6.2 Loading of the device into the delivery system

The

manufacturer shall define all specific performance parametersito be evaluated to ver

relidble loading of the device into the delivery system. The manufacturer shall demonstr

impl
atta

chment performance requirements, such as:

httachment strength between the device and the delivery system;
ho damage to the device or the delivery system;

crimped diameter;

crimped shape (uniform or non-uniformy;

proper orientation of the device into the delivery system;
Hislodgement force;

device sterility;

Hevice rinsing;

Helivery systenrflushing (de-airing);

romponenfidimensional compatibility with ancillary devices.

7.2.6.3 , Ability to access and deploy

The

manufacturer shall demonstrate that the attachment between the device and the deli

antable device can be reliably attached to the delivery systén) in accordance with the IF(j

Fepositioning/recapturing of the device (if applicable) including damage to the valve if intended for

ify safe and
hte that the
and satisfy

ery system

shall be sufficient to permit safe, repeatable and reliable delivery of the device to the intended implant
site, release of the device from the delivery system and safe removal of the delivery system from the
patient in accordance with the [FU. 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;
all relevant forces required to reposition the device (if applicable);

flex/kink resistance;

— bond strength (tensile and torque);

— torquability;
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— pushability;

— trackability;

— access angle between apex and annular plane for trans-apical delivery approach;

— haemostasis;

— time to deploy, including time of flow restriction or blockage, and time to restore flow;

— component dimensional compatibility with ancillary devices;

— balloorLcnaracterlstlcs (if applicableJ;

— inflatiopn/deflation time;

— relatiogship between the implant diameter and balloon inflation pressure, including assessment of
effects pssociated with over-inflation and under-inflation;

— mean burst pressure;
— rated bprst pressure;

— rated fqtigue.

7.2.7 Dedign-specific testing

In order to pssess failure modes identified by the risk assessment that may not be related to durabhility
or compongnt fatigue, design-specific testing may be necessary. In some cases, design-specific tegting
may have djrect implications for the overall structural lifétime of a component or valve and additional
tests may pe required e.g. support structure creep{static pressure test, particulate gener;Jtion,
burst/circumferential strength, leaflet kinematics, réetrievability of device, repositionability of deyice,
effects of d¢vice post-dilatation.

7.2.8 Visibility

The ability fo visualize the implanted device and delivery system during delivery, deployment and after
delivery syqtem withdrawal, using themanufacturer’s recommended imaging modality [e.g. fluoros¢opy,
MRI, compyted tomography (CT),-echocardiography] shall be evaluated.

7.2.9 Simulated use

The ability o permit safejconsistentand accurate deployment of the transcatheter heart valve subst]tute
within the [intended implant site shall be evaluated using a model that simulates the intended use
conditions. [Chis assessment will include all elements of the transcatheter heart valve substitute system
required to fagilitate delivery and implantation of the implantable device. The model shall congider

anatomical [varjation in intended patient population with respect to vasculature and intended implant
site, tempelmmmmenmﬂ) use

model shall be provided. Potential hazards associated with inaccurate valve position and deployment
and resulting effects on valve performance and unintended anatomical interactions (i.e. coronary
occlusion, anterior mitral impingement) shall be documented within the risk assessment.

7.2.10 Human factors/usability assessment

In addition to conducting simulated use to evaluate the functionality of the transcatheter heart valve
substitute, simulated use shall also be conducted as part of the required usability assessment (or
“usability testing”) as per IEC 62366. The main objective of the usability assessment is to validate that
intended users of the device or system can use it safely and effectively to deliver and deploy the device
in the patient. Usability assessment performance measurements shall be based on use error analysis
results. The assessment shall primarily focus on whether or not the design attributes of the device or
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system used to conduct the implant procedure appropriately mitigate identified potential use errors
that can occur. It is recommended that usability assessment be conducted throughout the design cycle.

7.3

Preclinical in vivo evaluation

7.3.1 Overall requirements

A preclinical in vivo test programme shall be conducted in order to address transcatheter heart
valve substitute system delivery, deployment and imaging characteristics and transcatheter heart
valve substitute safety and performance. The preclinical programme design should be based on

risk
durs
siteq
impl
be ju
sped
mod
mig1
haer

The
a)

b)

tions to address the key issues identified in the risk assessment. The use of alternatiyved

(e.g. chronic pulmonary valve replacement rather than aortic valve replacement),
antation techniques (e.g. transapical delivery, surgical) and acute as well as chronic st
stified to accommodate specific transcatheter heart valve substitute design.features g
ific anatomic differences. Due to anatomic species differences and use \of non-dised
els, in some cases more reliance on in vitro testing might be necessary-to assess the g
ation, embolization and the effect of heart valve substitute post-implantation changes
hodynamic performance.

preclinical in vivo evaluation shall:

bvaluate the extent to which the haemodynamic perfafmance of the transcatheter
substitute reflects the intended clinical use;

hssessdelivery deployment, implantation procedurgand imaging characteristics of thetr

1) ease ofuse;
D) delivery system handling characteristics (e.g. pushability, trackability);
B) proper valve alignment relative'to flow (e.g. note the presence of device angulation, bg
1) post-implantation changes in shape and structural components of the transcatheter
b) imaging characteristies;

b) migration or embolization of the heart valve substitute;

/) ability to recapture and re-deploy the heart valve substitute, if applicable;

hssess the ¢nivivo response to the heart valve substitute. Consideration should be giy
imited,.to the following items:

1) «<healing characteristics (e.g. pannus formation, tissue overgrowth);

nd implant
plantation
alternative
udies might
nd species-
sed animal
otential for
in shape on

heart valve

hnscatheter

heart valve system. Consideration should be given, but not limited, to the following itens:

nds, kinks);

heart valve;

yen, but not

D)

££ ’'s £ i 1 ot L1 3 L. | 4+ 4 1 ’s L.
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performance;
3) haemolysis;
4) thrombus formation;
5) embolization of material from the implant site, delivery device or heart valve subst
6) migration or embolization of the heart valve substitute;
7) proper alignment relative to flow (note the presence of angulations, bends, kinks);

8) biological response (e.g. inflammation, rejection);
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d)

9) calcification;
10) structural and non-structural dysfunction;

use the final clinical design and condition of the transcatheter heart valve substitute system. The
system shall be prepared, deployed and imaged using the same procedures (e.g. preparation of the
device for delivery and deployment) 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, maximum crimp cycles);

1)
del

LSVl 2 WaVal Fol L2 Parati

2) the
for

investig
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model @
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f) subject
conditi
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h) addres;

7.3.2 Met

Guidance o
address thg
as possible
(delivery, d
arising afte
environme

t
events arising during or after valve\immplantation shall be carefully analysed and interpreted in ord

identify the

The investigator should seek to control as many variables as possible within each study arm

species, gen
be excluded

The numbe
justified for

zar oftha da
veT y aopTt Tt OTr trrcacvIcT)

manufacturer shall justify any modifications to the device or system that may be-reqy
implantation in the animal model;

bate transcatheter heart valve substitute system in positions for which it isyintended

onfound the ability to evaluate the transcatheter heart valve substitute inpositions for w
ended, provide a justification for implantation in an alternative site-or-the use of altern
ation procedures;

comparably sized reference heart valve substitutes to identiecal anatomic and physiolo
bns as the test device;

brmed by appropriately experienced and knowledgeable test laboratories;

animal welfare in accordance with the principlesptrovided in ISO 10993-2.

hods

n the conduct of in vivo preclinical evaluation and a series of tests which can be usq
relevant issues is provided in Annek-Q. The intent of these studies is to mimic as clq
the clinical use and haemodynamic performance of the transcatheter heart valve sy
eployment, imaging and test heart valve substitute). It is recognized that adverse ey
r valve implantation can be‘attributed to the implanted valve, the procedure, and/o1

into which it is implantéd) including interactions among these. Therefore, serious adv

cause of the adverselevent.

der and age)nAnimals suffering from periprocedural complications (e.g. endocarditis)
from the group of study animals, but they shall be reported.

r of aniimals used for implantation of test and reference heart valve substitutes sha
each'test based on risk assessment.

if needed, ancillary short-term studies could be conducted to evaluate unique design and

ired

(e.g.

mitral, pulmonic); if species-specific anatomic features or the use of a nan<diseased anjimal
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fied

according to the parameter(s) under investigation. The observation period shall be appropriately
justified in each study protocol, but will not be less than 90 days.

A macroscopic, radiographic and histological post-mortem examination shall be performed, focusing on
device integrity and delivery system/device related pathology. The report shall include this information

from all ani

mals that have been entered into the study.

The assessment shall provide at least the following:

a)

24

any detectable pathological consequences, including but not limited to: migration or embolization;
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
inflammatory responses involving the transcatheter heart valve substitute and/or in the major organs;
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b)

d)

e)
f)

g)

7.3.3 Testreport

The

ISO 5840-3:2013(E)

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

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

delivery and deployment characteristics, including but not limited to ease of use, handling
characteristics, imaging, sizing technique, retrieval and redeployment;

it
oC

6-HAminHathe-same animal;

¢ 0]
o)
P
op
D

cerious adverse events (e.g. myocardial infarction, significant cardiac arrhythmias, embolization);
refer to ISO 14155 for serious adverse events definitions;

hny other system or procedure-related complication or events.

laboratory performing the preclinical in vivo study shall produce the test report, which shall

inclyde a description of the risk evaluation, the complete original’study protocol, all data generated
fron} the preclinical in vivo evaluation, and a summary of the data generated during the cpurse of the

inve

their significance, generated by evaluations described in Afmex Q.

The
a)

b)

f)

g)

h)

i)

stigation, addressing the results, including serious adverse events, deviations from the grotocol and

Lest report shall include:

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

detailed description of the animal meodel used, the rationale and justification for its uge. The pre-
procedural assessment of each apimal shall include documentation of health status as well as gender,
weight and age of the animal;

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

Hescription of the(pre-procedural and post-procedural clinical course of each animgl including
Clinical observatiois, medication(s) and interventions used to treat serious adverse events. Describe
hnticoagulation or antiplatelet drugand regimen used as well as therapeuticlevel monitoring methods;

hny deviations from the protocol or amendments to the protocol and their significance;

hames~of the investigators and their institutions along with information about the|implanting
personnel and the laboratory’s experience with heart valve substitute implantation and gnimal care;

interpretation of data and a recommendation relative to the clinical safety and performance of the
transcatheter heart valve substitute system under investigation;

the study pathologist’s report that includes gross and radiographic examination and histopathology
findings for each explanted heart valve substitute;

detailed full necropsy reports for each animal enrolled in the study that includes an assessment of
the entire body or such findings as thromboembolism or any other adverse effects putatively from
the heart valve substitute;

Further details of the test report depend on the defined test protocol.
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7.4 Clinical investigations

7.4.1 General

Clinical investigations shall be performed for new or modified transcatheter heart valve systems to
investigate those risks and aspects of clinical performance that cannot be fully evaluated from pre-
clinical or other available data. Clinical investigations shall be carried out in accordance with this part
of ISO 5840 and ISO 14155. If a determination is made that clinical investigations are not required,
justification shall be documented in the risk management file.

Clinical studies shall be designed to fully evaluate the transcatheter heart valve system in its intended

uses. The s
the transca
pre-proced
follow-up a
evidence of]

The study

related adv
outcome mg¢
appropriate

The manuf{
consistent ¥

each institution and investigator. The protocol shall ensure consistehcy between the study aims an

inclusion/e}

Studies sho
committee
for outcome

To ensure p

by a data safety monitoring committee.

Study desig
controlled

implantation (e.g. bridge to next planmned valve reoperation versus permanent implant). To the e

feasible, sty
registries a
of patients.
informatior
withdraw d
withdrawal
still be follo

7.4.2 Stal

udies shall include an assessment of adverse events related to risks arising from theju
heter heart valve system and from the procedure. The clinical investigation shall‘ing
re, peri-procedure, and follow-up data from a specified number of patients, éach w
bpropriate for the device and its intended use. The clinical data shall providé) substa
acceptable performance and safety (i.e. freedom from unacceptable risk).

protocols should specify primary and secondary end points as welD as specific s
brse events with consideration of Annex R and published definitions. The definitions o
pasures should be consistent with those employed in previous studies of heart valves,
. The study protocol shall include a data analysis plan and success criteria.

cturer is responsible for ensuring collection of appropriaté information. The design sh3
vith the aims of the protocol. For a given study, data collection forms should be the sam|

tclusion criteria.

11ld employ measures to minimize bias. The use of'an independent clinical events adjudics
Lo classify events against pre-established criteria, and core laboratories are recommel
variables that might be prone to inter-observer variability.

ptient safety, a safety monitoring pla-shall be established. Study oversight may be prov

hs may vary depending on the purposes of the assessment (randomized/contemporaned
buperiority or non-inferiority, observational/registry, etc.), and the intended duratid

dy populations shall"be Tepresentative of the intended post-market patient populatidg
Fe a part of the study-design, the registries shall be constructed to include consecutive s
Further, studiesCshall be designed to ensure ascertainment of protocol specified folloy
for a relevant duration in all patients entered into the study unless patients specifi
onsent forcfollow-up. In this case, follow-up in these patients will end at the time o
except.that, depending on local legal requirement relevant to patient privacy, survival
wed.
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The size, scope and design of the clinical trial shall be based on (i) the intended use of the device, (ii) the
results of the risk analysis, (iii) measures that will be evaluated, and (iv) the expected clinical outcomes.
The basis for the sample size shall be documented. The manufacturer is responsible for proposing and
justifying the specific statistical methodology used. The methods may come from either a frequentist
or Bayesian framework. If a Bayesian design is used, the prior information incorporated in the model
should be prespecified. Designs may use fixed sample size or pre-specified adaptive methodology.

Prior to embarking on a large clinical trial, a feasibility study may be considered when the risks or
clinical performance of the new device are not well understood.

A randomized controlled study, assessing superiority or non-inferiority as appropriate, should be
considered to minimize bias when existing objective performance and safety metrics are inadequate.
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Depending on the scope and objectives of the clinical study, other designs might be appropriate; however,
non-randomized study designs shall implement appropriate measures to minimize bias.

While double-blind randomized trials are ideal, blinding of patients and primary investigators might
not be possible in studies of valves. In situations where randomization is possible but blinding is
not, randomization of patients to treatments should be performed so that neither the patient nor the
investigator knows the subsequent assignment. For both randomized and non-randomized studies, if the
outcome measure cannot be measured objectively, blinded assessments are most appropriate. In these
cases, methods shall be chosen to minimize bias to the greatest extent possible (e.g. using independent,
blinded assessors to obtain the study outcome measures).

If a jomparabie dev
shoyld be considered.

TOT OT andorn AN appropria ative therapy

)

If a [comparable device is on the market, a non-inferiority design might be most lapprgpriate. The
reqyirements for a device that is a modification of an approved device might be less stringenf depending
on the risk analysis. If the study uses a non-inferiority design, the non-inferigrity margih should be
justifiable and, to the extent feasible, based on prior data from comparable devices.

7.4.3 Distribution of subjects and investigators

Clinjcal investigations shall be designed to include enough subjects, clinicians and institytions to be
reaspnably representative of the intended patient and user popalations to provide generalizable results.
The protocol shall specify the planned number of institutions and minimum and maximunp number of
subjgects and investigators per institution.

7.4.4 Sample size

The sample size should be sufficient to enable a§sessment of the clinical performance of th
wellfas to quantify the associated risk. When appropriate to the study aims, standard statisti
shoyld be used to calculate the minimum sample size with prior specification of the Type ]
the gqtatistical power, and effect sizes to be detected.

7.4.5 Entry criteria

The [inclusion and exclusion-criteria shall be clearly established. The target population (i
whopm the device is intended}-and the accessible population (i.e. those who will enter the sty
spedified and salient differences between those two populations justified. The study should

pati¢nts who are willing-and able to participate in the follow-up requirements.

7.4.¢ Duratien‘of the study

The [protoeehshall specify the duration of the study. The duration will depend on specif]
of the study (e.g. bridge to a planned valve reoperation or a permanent implant) as ident
risk pssessment, the intended application and, if relevant, the type of device modification. T
applrcatiomnt forr for i IS
duration of survival in a parallel disease-free population.

UCC c U CdSC U POpPUIla W c dcv C criaed, U () e

7.4.7 Clinical data requirements

7.4.7.1 General

e system as
ral methods
| error rate,

e. those for
dy) shall be
bnly include

ic purposes
ified by the
he intended
he expected

Clinical data, including adverse events, shall be recorded for all patients in the study as required by ISO 14155.

The investigational protocol shall include an explant pathology protocol with detailed instructions for
the return of the explanted valves to the manufacturer or an independent laboratory for assessment.
Whenever feasible, the explanted device shall be subjected to appropriate functional, imaging and
histopathological investigations.
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The data given in 7.4.7.2 and 7.4.7.3 shall be collected or a justification for not doing so shall be provided.

7.4.7.2 Baseline

a)
b)

c)

d)

f)

g)

h)

7.4.7.3 Péri-procedure data

a)
b)

0)
d)
e)
f)
g)
h)

i)

j)

k)

D)

28

Demographics (e.g. age, gender, race/ethnicity).
Baseline information (e.g. weight, blood pressure).

Patient co-morbidities and co-existing medical conditions (e.g. liver, kidney and lung disease,
substance abuse, diabetes, hypertension, and history of endocarditis).

Diagno ia (C.s. Va]lV u}ar lCDiUn and ClCt‘lU]lUSy) and CVU CAiDtinS \,ardiuvao\,ular diocaaca (C.s. I eart
failure, |cardiomyopathy, aneurysm, cerebral vascular disease, peripheral vascular disease, corohary
artery ¢lisease, previous myocardial infarction), and cardiac rhythm.

New York Heart Association (NYHA) functional class and, if relevant, Society of Thoracic Surggons
(STS) sfore or EuroSCORE, or both. Quality of life indicators or exercise tolerancejtests should|also
be condidered.

Previoys cardiovascular interventions [e.g. coronary artery bypass, coronary artery angioplpsty,
percutdneous valvuloplasty (position), operative valvuloplasty (position);valve repair (positjion),
previoys heart valve implantation (position), peripheral vascular intexventions].

Echocafdiographic and other relevant imaging data to provide €ardiac haemodynamic, geomptric
and fupctional information, to characterize the diseased valve and to assess implant site|and
annuluf size.

Relevant imaging data for assessment of potential delivery approach.

Blood studies assessing hepatic, cardiac and renal status, and including haematologic/coaguldtion
profile.

Any differences from original diagnosis:

Any comcomitant interventions orprocedures.

Date of|procedure.

Transcatheter heart valye'system (e.g. type, models, sizes, and serial numbers).
Assessinent of implant'site and annulus size, or other relevant sizing measure of patient.
Implantation technique.

List of 41l devices used.

Removalof aitor part{specilyj ol ndtive valve structures, 11 relevant.

Implant position (e.g. aortic or mitral), heart valve substitute positioning in relation to tissue
annulus (e.g. supra-annular or intra-annular).

Transcatheter heart valve substitute position relative to critical anatomy (e.g. with reference to
coronary ostia, mitral valve leaflet).

Assessment of handling, visualization, deployment, orientation, implant location and withdrawal of
delivery system.

Quantitative and qualitative assessment of deployed valve geometry and configuration.

Details of procedure, including any adjunctive procedures performed (e.g. radiation dosage) and
medications.
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Procedural complications, including subsequent interventions.

Evaluation by echocardiography and/or other relevant imaging and haemodynamic modalities, as
defined in the clinical protocol. At a minimum, pressure gradient and degree of regurgitation should
be documented.

7.4.7.4 Follow-up data

Follow-up data shall be collected at 30 days, atleast one specific time pointbetween three and six months,
at one year, and annually thereafter until the investigation is completed. The following evaluations
should be performed at all follow-up assessments unless an adequate risk analysis justifies a less

freq

NOT

dysfiinction or non-structural dysfunction.

The
a)
b)
c)
d)
e)
f)
g)
h)
i)
j)
k)
1)

7.4.8 Clinical Investigation report

7.4.8.1 General

The

ient interval. Depending on the trial design, additional data collection times might be a[)propriate.
r

) Additional follow-up intervals might be appropriate to document early or long-termstriictural valve

following data shall be collected or a justification for not doing so shall be previded:
Hate and location of follow-up;

New York Heart Association functional class;

uality of life indicators and exercise tolerance tests should dalso be considered;
device assessment (e.g. implant location, geometry, structural integrity, orientation);
haemodynamic evaluation by Doppler echocardiography, or other relevant methodology (sge Annex S);
heart rate, conduction status and rhythm;
Lests for haemolysis (e.g. plasma-free haemoglobin) (other blood assessments may also bg indicated);
Status of anticoagulant and/or antiplatelet therapy;

hdverse events as specified in An1iéxR, concomitant therapies that might include cardigc assist and
heed for pacing;

reoperation reports;
Hate and cause of death;

hutopsy report, ifautopsy is performed.

clinical investigation report shall comply with ISO 14155. The report shall tabulate of otherwise

summarize the data required by 7.4.7 and shall provide an analysis of the following, at a minimum:

a)
b)
‘)
d)

e)
f)

patient population by age and gender;
pre-procedural versus post-procedural New York Heart Association functional class;
pre-procedural versus procedural diagnoses of valvular and coexisting disease;

system handling, visualization, deployment, orientation, implant location, procedural complications
and subsequent procedures;

pre-procedural versus post-procedural haemodynamic and blood study results;

adverse events as defined in the study protocol.
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7.4.8.2 Analysis and reporting

The clinical investigation report should include information on all patients for whom implantation
was planned (the “intent-to-treat” population). For randomized studies, the groups should include
all randomized patients, even those who did not receive the implant. Additional analyses should be
performed on the patients who actually received the implant.

Specific analyses shall include:

a) overall

b) occurrence of adverse events (see Annex R)

survival;

7.4.8.3 Post-market clinical follow-up

In addition
studies sha

to the follow-up of the original cohort of patients, post-market hypothesis_driven cli
1 be initiated when indicated on the basis of the risk analysis to gather data from a 19

population.
safety and

can be gengdralized to the post-market population. In addition to post-market liypothesis driven cli
follow-up sfudies, longer term post-market surveillance (registry) follow-up studies might also neg
be conductgd, particularly if the rate of enrolment in the post-market hypbethesis driven studies is
(e.g. paediatric studies). Post-market surveillance (registry) studies should include a systematic re
of data obtpined from routine clinical procedures, always noting that consecutive patient series
highly desiffable and, for defining absolute rates of adverse events,-are imperative.

Ifa post-ma
following p

a) thelon
the orig

b) a cohor

generalized to the post-market population;

c) thesco

d) specifig

generally shall be designed(to capture consecutively treated patients, and should be of suffi

size so

Possible objectives for post-market clinical follow-up studies are to: a)pprovide longer 1
erformance data and b) assess whether the results of the pre-market,clinical investigg

ket clinical study is conducted, the follow-up evaliation shall be performed according t
rinciples:

b-term follow-up cohort might include all patients in the pre-marketing studies, a subs
inal patients, or additional patients;

t assessment to evaluate whether theresults of the pre-market clinical investigation cg

be and duration of any post:-market study will depend on the risk assessment;

ally for establishing adverse event rates, observational registries can be useful.

Fhat point estimatés’have acceptably narrow confidence intervals.
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ISO 5840-
Annex A
(informative)

Rationale for the provisions of this part of ISO 5840

Rationale for risk-based approach

3:2013(E)

The fationale for basing this part of ISO 5840 on risk management is that the traditional\cequirements-
basdd model cannot keep up with the speed of technological innovation. With the requirements-based

mo
this
prod

thegretical risks of the device, to develop the most appropriate methods_for reducing the

devi
beer

This
of b
eval
fail
the

prodess inherent in risk management provides thes0pportunity for the manufacturer to ¢
best|practice methods included within this part ofAISO 5840. The manufacturer may choo

the
proy
docu

The
ma
reg
impt

ade

A2

The
tran
simi

The

1, manufacturers have to spend their time looking for ways to comply with‘the req
part of ISO 5840, rather than on developing new technologies that could,lead to inhe
ucts. The risk-based model challenges the manufacturer to continually evaluate

ce, and to implement the appropriate test and analysis methods to,demonstrate that th
reduced.

part of ISO 5840 combines a requirement for implementirg the risk-based model w
st practice methods for verification testing appropriafe)to transcatheter heart v
1ation. The intent of the risk assessment is to identify. the hazards along with the cor
re modes and causes in order to identify the requisite'testing and analysis necessary
isk associated with each specific hazard. The brainstorming/decision-making/dogd

est practice method as defined within thisjpart of ISO 5840, or may deviate from the
ide a scientific justification for doing so. The risk management file required by ISO 14
ment these decisions with rationale,

risk-based model requires a (collaborative environment between the device dev]
facturer) and the body respotsible for verifying compliance with the applicable
ding safety and performance of the device. The manufacturer should strive for
ovement in device design.as well as test methodologies that can ensure safety and per
ice with less reliance on-years of patient experience for evidence of effectiveness.

Rationale foppreclinical in vivo evaluation

overall ohjective of preclinical in vivo evaluation is to test the safety and func
scatheter_heart valve system in a biological environment with the closest practicg
Jarity-fo human conditions.

irements of
rently safer
known and
risks of the
b risks have

th a listing
lve system
responding
to evaluate
umentation
valuate the
se to follow
method and
1971 should

eloper (the
regulation
continuous
Fformance of

tion of the
lly feasible

pfeclinical in vivo evaluation is the final investigational step prior to human implantation

. Therefore,

it should provide the regulatory body with an appropriate level of assurance that the transcatheter
heart valve system will perform safely.

No single uniformly acceptable animal model has been established. Therefore, the animal model(s) selected
should be properly justified in order to ensure the highest degree of human compatible conditions for
the delivery system and test valve pertinent to the issues being investigated. Since chronic studies are
conducted to elucidate heartvalve substitute haemodynamic performance, biological responses, structural
integrity and delivery system and valve-related pathology in a specific anatomical position, it is preferable
to undertake this longer-term testing of the valves in anatomical positions for which it is intended.

The concurrent implantation of reference heart valve substitutes enhances the comparative assessment
by providing a bridge to known clinical performance. In addition, such an approach facilitates the
distinction between the complications related to the reference heart valve substitute versus those of
the transcatheter heart valve system.
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A.3 Rationale for design verification and design validation testing

Verification and validation testing includes materials testing, preclinical bench testing, preclinical in
vivo evaluation and clinical investigations. Although clinical investigations are usually considered to be
part of design validation, some of the requirements established under design input might be verifiable
only under clinical conditions. The tests specified herein do not purport to comprise a complete test
programme; a comprehensive test programme for the transcatheter heart valve system should be
defined as part of the risk assessment activities. Where the manufacturer’s risk assessment concludes
that the safety and performance will be better demonstrated by other tests or by modifying the test
methods included in this part of ISO 5840, the manufacturer should include in the risk assessment a
justification of the equivalence or superiority of the alternative test or test method.

The manufjcturer should validate the design of the transcatheter heart valve system, its packa
labelling and accessories. For a new transcatheter heart valve system, design validation typically og

ring,
Curs

in two phaj
the manufa
analysis of
and compal
the device i
occurs in cd
data from
packaging,
approval. T

For a modif
concepts of

es. In the first phase, the manufacturer reviews the results of all verification,testing
Cturing process validation, prior to the first human implant. The review might also ing
he scientific literature, opinions of clinicians and other experts who will beising the de
isons to historical evidence from similar designs. The output of the review should be
5 safe and suitable for human clinical investigations. The second phasé of design validg
njunction with the outcomes of the pre-marketing approval of the'clinical investigation
he approval phase clinical investigation should be reviewed toyensure that the devic
abelling and accessories are safe and suitable for their inteénded use and ready for m4
hese validation activities should be documented.

cation to an existing transcatheter heart valve system'design or manufacturing method
verification and validation continue to be applicable but might be limited in scope. The

analysis shquld define the scope of the verification and validation.

The use of
since fillers
Testing sho
since these

A.4 Rati
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A.5 Rati
Accepted g

clinical grade materials and components, asyopposed to generic test samples, is impofy
, additives and processing aids can have!profound implications on material proper
1ld be designed to evaluate areas whereumnaterials are joined (e.g. welded, sutured or gl
are potential areas for failure.

pnale for Doppler echocardiographic assessment

braphy and Doppler echocardiography are presently accepted as practical and avai

and
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vice,
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ued)

able

evaluating human cardiac function and the function of heart valve substitutes. The accuracy

gnostic proceduré€s-depends upon the skill of the operator. All investigating instituf
the clinical evaluation of a specific transcatheter heart valve substitute should employ
ardiographicprgdtocol.

bnalefor clinical evaluation reporting

hidelines for reporting end points are contained within Reference [30]. The purpo

ions
y the

e of

these guid
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valves. The definitions and recommendations are designed to facilitate comparisons among different
clinicians, cohorts, delivery techniques and devices. A transcatheter heart valve substitute undergoing
clinical evaluation should function as intended, with valve complication rates within broadly acceptable
performance criterialimits, based on published follow-up studies. To enable appropriate riskassessment,
preoperative, peri-operative and follow-up data should be collated, analysed and reported.

The clinical evaluation of a transcatheter heart valve substitute after implantation requires
documentation of specified complications (see 7.4). A new or modified transcatheter heart valve
substitute should perform as well as existing heart valve substitutes. Where appropriate, randomized
clinical trials should be conducted comparing the transcatheter heart valve substitute against surgically
implanted heart valve substitutes and/or medical therapy. The clinical evaluation also requires formal
statistical evaluation of the clinical data. Unanticipated valve-related complications will be reported and
evaluated prior to the completion of the formal methods of overall performance evaluation. Statistical
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evaluation methods and assessment criteria of clinical data could be different between paediatric and
adult study populations. Given the perceived significant risks associated with transcatheter heart valve
substitutes, post-market surveillance protocols should be established.

A.6 Rationale for device sizing within labelling and instructions for use

In the past, problems have been reported with the labelling and instructions for use associated with
size designations and sizing procedures for replacement heart valves. This has led to confusion among
users about which size valve to implant in a particular patient. This has also led to confusion about how
to compare results (published or otherwise) from one valve model to another. A solution to the problem
can pe achieved by providing more complete sizing information (e.g. deployed size range)} which will
ultirately benefit the clinician and the patient.

A.7| Rationale for human factors engineering

There is a published human factors standard: IEC 62366. Manufacturers¢should incorpofate human
factgrs engineering into their overall product development process in order to ensure the|ldesign and
devdlopment of safe, effective and easy-to-use transcatheter heart valve-systems.
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(informative)

Examples of transcatheter heart valve substitutes, components
and delivery systems

B.1 Examples of transcatheter heart valve substitutes

Figure B.1 —Example A
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Figure B.3 — Example C
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Key

1 replacement valve

2 anchor

3 post

4 holes, leaflet tissue can come through
5 buckle

Figure B.6 — Example F

B.2| Examples of delivery systems

Figure B.7 — Example G
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Key
deploynjent balloon outer sheath seal

introduder sheath articdlation lever

guidewire lumen
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1
2
3 introduder sheath seal
4

outer shleath inflation port

Figure B.8 — Example H

Figure B.9 — Example I

Figure B.10 — Example ]
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Figure B.11 — Example K
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C.1 Requ

Annex C
(normative)

Packaging

lirements

The packag

C.2 Prin

Packaging
substitute,
by normal
the packagg
contents to
was expose]
storage tha

ng requirements of ISO 11607 (all parts) and of ISO 14630:2012, Clause 10, shall apply.

ciple

bhall be designed to ensure that the user is provided with a transcatheter heart ¥
delivery system and accessories whose characteristics and perfermance are unalt
fransit or storage. The packaging shall maintain the characteristics and performan
b contents under normal conditions of handling, transit and storage, and shall permi

d to abnormal conditions (e.g. freezing, excessive heat, coftainer damage) during trang
 damage the transcatheter heart valve substitute.

C.3 Conflainers

C.3.1 Uni

The transcg
container(s
container(s

C.3.2 Ouf

The unit co
unit contair

t container(s)

itheter heart valve substitute, delivery.system and accessories shall be packaged in
designed so that any damage to thle- unit container(s) seal is readily apparent. The
shall meet the requirements of ISQ:11607 (all parts).

er container

htainer(s) shall be packaged in an outer container(s) (sales/storage package) to protec
er(s).

alve
ered
re of
' the

be presented for use in an aseptic manner. There shall be a means to show if the packaging

it or

unit
unit

[ the

40
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Annex D
(normative)

Product labels, instructions for use and training

General

The

Labg
onh
as p:
requ

D.1.
Each
a)
b)
c)
d)
e)
f)
g)
h)
D.1.

In a
phrd

b)

labelling requirements of [SO 14630:2012, 11.2, shall apply.

Is, [FU and training programs shall be designed to ensure that the user is providédwith

irt of the risk and quality management systems. Labels and IFU shall meet¢ountry-speci
irements.

1 Unit-container label

unit container shall be marked with the following information:
hame or trade name;

model number;

cerial/lot number;

kize and device type if applicable (e.g. 21 mutyaortic);

the word “sterile” if applicable and the*method of sterilization;
for sterile devices, the use by dateorthe expiration date;
statement regarding single use only (if applicable);

reference to see IFU foraser information.

2 Outer-containerlabel

{dition to applicable storage instructions, each outer container shall be marked w
se(s) and/or'symbol(s) for:

hame ortrade name of device;

hane, address and phone number of manufacturer and/or distributor and other

rontacting the manufacturer (e.g. facsimile number, email address). It might also b

nformation

hndling and implanting the transcatheter heart valve substitute, and shall beapproved anpd reviewed

ficlanguage

th word(s),

methods of

P necessary

to have the name and address of the importer established within the importing country or an
authorized representative of the manufacturer established within the importing country;

c¢) model number;

d) serial/lot number;

e) size and device type if applicable (e.g. 21 mm, aortic);

f) net contents;

g) the word “sterile” and method of sterilization if applicable;

h) for sterile devices, the use by date or the expiration date;

© IS0 2013 - All rights reserved

41


https://standardsiso.com/api/?name=8627180c5701e73475937ff7f43a882d

ISO 5840-3:2013(E)

statement regarding single use only (if applicable);

devices intended for clinical investigations shall bear identification that the device is intended for
investigational use only;

any special storage or handling conditions as indicated in the device specification;

g against use of the device if the unit container has been opened or damaged;

ce to see IFU for user information.

ructions for use

alve substitute shall be accompanied by IFU that shall include at least:

name of trade name of device;

hddress and phone number of manufacturer and/or distributor and-other method
ing the manufacturer (e.g. facsimile number, email address). It mightyalso be neces
the name and address of the importer established within the iniporting country g
zed representative of the manufacturer established within the importing country;

1 level of IFU and implementation date;

fents;

ons for use and any known contra-indications;

Jescription including available models and userstequired dimensions;

ption of any accessories required and reference to instructions for their use;

e device is packaged/supplied;

the word “sterile” and method of sterilization if applicable;

bnt that the device can or cannot be re-sterilized;

ent regarding single use only (if applicable);

deviceq intended for clinical investigations shall bear identification that the device is intende
investigational use only;

any spqcial storage oerbhandling conditions;

procedures of use with other devices;

iz againstugse of the device if the unit container has been opened or damaged;

Fnings'regarding handling or implanting the device;

s of
sary
I an

] for

tant

instructions for re-sterilization (if applicable) including the maximum number of resterilization
cycles, parameters which have been proven to be capable of achieving sterility of the device, and

riate information relevant to other methods, apparatus, containers and packaging;

specific instructions for device preparation (i.e. rinsing requirements for tissue valves);

specific instructions for implanting or using the device;

specific instructions for sizing target implant site and selecting appropriate device size;

list of potential complications;

i)

j)

k)

1)  warnin

m) referen

D.1.3 Ins

Each heart

a)

b) name,
contact
to have
authori

c) revisio

d) netcon

e) indicat

f) device

g) adescr

h) how th

i)

j) statem

k) statem

)

m)

n) warnin

0) anywa

p) any ot

q)
approp

r)

5)

t)

u)
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v) summary of clinical experience if required;

3:2013(E)

w) the appropriate MR safety designation (MR Conditional, MR Safe, or MR Unsafe) and a statement
regarding MRI compatibility;

x) any information or instructions which are intended to be communicated from the physician to the
patient.

D.1.4 Labels for medical records

The manufacturer shall provide peel-off, self-adhering labels, or equivalent, with each transcatheter

hear
shal
subf

The
size

D.2

The
the

whe
that

The
a)

b)

d)

f)
g)

tvatvesubstitute thatemabtes tramsfer of device mformationm to threappropriate Tecord
contain: the name or model designation, size and serial number of the transcathetep
titute, and manufacturer identification.

size of the labels shall be sufficient to display the required information in a legible formg
shall be avoided. The number of required labels may vary based on individual country |
Training for physicians and support staff

manufacturer shall establish a structured training program forthe physician and staff

involl)ved in the peri-procedural care of the patient. The training\program shall be designeq

hysician and staff with the information and experience necessary to control user-asso
h the device is used in accordance with the IFU. Training'records shall be maintained
physicians have received appropriate training.

training programme shall include the following:¢lements, where appropriate:

description of all system components, including the valve and delivery system as well as|
pf the basic principle of operation;

romplete review of the IFU including-the indications for use, patient selection, contra-
precautions, warnings, potential'adverse events, pre-procedure set-up, sizing the va
procedure and post-procedure patient care;

review of imaging requirements for implanting the device such as fluoroscopy]
fomography (CT), transthotacic echocardiography (TTE), magnetic resonance imaging
fransoesophageal echocardiography (TEE);

hands-on bench top demonstration of the valve and delivery system in a simulated mod
lise of the devie€'in an animal model or other appropriate models such as a robotic simulat
h clinicaltraining program, including proctored cases;

isetverification/validation, determined by pre-defined criteria.

t. Each label
heart valve

t. Excessive
bolicies.

who will be
| to provide
ciated risks
as evidence

asummary

indications,
ve, implant

computed
r (MRI) and

el;

ion system;
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Sterilization

E.1 General

The steriligation requirements of ISO 14630:2012, Clause 9, shall apply, together with the folloj
requirements.

For devices|or accessories supplied sterile, sterilization shall occur by an appropriate method and
be validated in accordance with internationally recognized criteria, as specified in ISQ\¥7665 (all p3
ISO 11135 (all parts), ISO 11137 (all parts), ISO 14160 and ISO 14937. If the mantfacturer states
the heart vplve substitute can be re-sterilized prior to implantation, adequate jinstructions sha
provided by the manufacturer, including parameters that have been proven ta_be capable of achie
sterility of fhe device.

For any reupable devices or accessories, the [FU shall contain information on the appropriate proce
to allow reduse, including cleaning, disinfection, packaging and, Where appropriate, the methg
sterilization and any restriction on the number of reuses.

ving

chall
rts),
that
1l be
ving

sses
d of
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Annex F
(informative)

Valve description

Description of transcatheter heart valve substitute

The
liste

F.2

The
verb

Hescription of the transcatheter heart valve substitute should include, ata minimum, the
d below. The verbal description should be supported by pictures or illustrations where g

Dccluder/leaflet materials (e.g. pericardial, venous valve).
Structural materials (e.g. stainless steel, nitinol).

Component joining materials/methods (e.g. suture materials).
PDeployment mode (e.g. self-expanding, balloon expanding).

mplant position (e.g. aortic, mitral, tricuspid, pulmaonic¢;'conduit).
Deployed valve diameter or diameter range.

How the device connects or interacts with theintended implant site.
Retrievability.

Drientability.

Description of delivery system

description of the delivéry system should include, at a minimum, the information listed
al description should be supported by pictures or illustrations where appropriate.

Pelivery approachy(e.g. transfemoral, transapical).
Delivery tools/catheters.
Guidewire:

ntroduction sheath.

Balloon.

Crimping/loading tool.

— Access port.

— Accessories.

F.3

Chemical treatments, surface modifications or coatings

nformation
ppropriate.

Components (e.g. leaflets, support structure, connections to leaflets, connections to anfpulus).

below. The

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.
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F.4 Component description

Each of the components of the transcatheter heart valve substitute should be listed and the materials of
construction should be documented. The components list should include packaging storage media (e.g.
for tissue materials). An assembly sketch should be documented that includes all components, including
joining materials, such as sutures.

E5 Implant position

A brief description of the implant technique, including procedures for sizing the valve and the
recommended Impiant procedure, should be documented.

F.6 Accessories

Any accessgries that are to be used in conjunction with the heart valve substitute and.its implantgtion
(e.g. guidewires, introducer sheaths, balloon catheters) should be described and:their materials of
constructiopn should be provided.
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Annex G
(informative)

Transcatheter heart valve substitute hazards, associated failure

modes and evaluation methods

G.1

Typi
in T4
that

NOT
infon
a fig
(IEC
of us

Hazards, failure modes and evaluation methods

cal hazards, examples of their associated failure modes, and possible evaluation metho
ble G.1. This list is not intended to be all-inclusive but representative of hazards and fa
are applicable to transcatheter heart valve substitutes.

L

mation about use-related hazards, failure modes, and evaluation metheds,/see IEC 62366, w
lire of a comparison of the risk management process (ISO 14971) and.the usability enginee]
62366), as well as an informative annex on categories of user actiong@iid an informative annex
e errors, abnormal use and possible causes.

Fable G.1 — Transcatheter heart valve substitute hazards, associated failure mod

evaluation methods

s are given
lure modes

) For guidance on how to identify and assess potential device-related use errors, aId extensive

ich includes
ring process
on examples

les and

Potential hazard

Possible failure mode(s)

Possible evaluation meth

bds

Stengsis

Pannus overgrowth, leaflet mineraliza-
tion, excessive support structure defor-
mation due to in vivo loading, support
structure fracture, excessive support
structure recoil, device migration, insuf-
ficient radial strength, crushing of the
support structure during CPR, device
embolization

Steady/pulsatile-flow pressure differ
structure creep testing, wear/durabi
support structure fatigue testing/ang
port structure radial force testing, sul
ture recoil testing, pre-clinical in vivg
with echocardiographic characteriza
evaluations

ence, support
ity testing,
lysis, sup-
pport struc-
evaluation
tion, cadaver

Regyrgitation

Leaflettear, abrasion, delamination or
shrinkage, leaflet prolapse, excessive
suppott structure deformation, support
structure fracture, suture breakage/pull
eut, suture hole elongation, out-of-tol-
erance condition, over-expansion of the
support structure, paravalvular leakage,
device embolization

Pulsatile flow regurgitation testing,
lapse testing, material characterizati
testing, support structure fatigue tes
sis, support structure creep testing, d

bution testing, pre-clinical in vivo evaluation with

echocardiographic and fluoroscopic g
tion, in vitro flow visualization

alve pro-

bn, durability
ting/analy-
evice distri-

haracteriza-

Embplization of.debris
- device orprocedure
related

Leaflet fragments due to leaflet tear or
leaflet mineralization; debris resulting
from: support structure fracture, gener-
ated during tracking of delivery system

throuah vaocoulatirg or dolivary cuctan
U T )

Material characterization, durability
support structure fatigue testing/ang
prolapse testing, device distribution

festing,
lysis, leaflet
esting

balloon rupture

Device embolization

Size mismatch

Clinical evaluation including imaging
direct visualization, in vitro pulsatile
testing

and possibly
migration

Haemolysis

Material or mechanical factors that cause
elevated turbulence

in vitro flow visualization, in vitro whole blood
studies in bench models, pre-clinical in vivo evalu-

ation, clinical evaluation

Thrombosis, thromboem-
bolism

Material or mechanical factors that cause
flow stasis or adverse blood-material
interaction

Material characterization, in vitro flow visualiza-
tion, blood-material interaction characterization,
pre-clinical in vivo evaluation, clinical evaluation
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Table G.1 (continued)

Potential hazard

Possible failure mode(s)

Possible evaluation methods

Bioincompatibility Local or systemic toxicity, inappropriate |Biocompatibility safety evaluation as per applica-
tissue response or effect on coagulation, |ble ISO standard, material characterization, blood
material degradation, leaching of compo- |material interaction characterization, biostabil-
nent compounds ity testing, corrosion testing, characterization of

sterilization residuals, pre-clinical in vivo evalua-
tion, clinical evaluation

Paravalvular leak Incomplete support structure expansion, |In vitro models, ex vivo studies (e.g. cadaver
support structure fatigue fracture, inad- |hearts) pre-clinical in vivo evaluation, hydrody-
equate sealing skirt, valve improperly namic characterization, clinical evaluation
sized (i.e. too small for implant site), valve
malposition

MRI incompatibility Device migration, device heating, image |Material characterization, MRI compatibility tlest-
distortion, poor device visualization ing

Endocarditis Non-sterile device, non-sterile accesso- | Validation of sterility processes for device and

ries accessories to a sterility assrance level of 1076,
device package integrity teSting
Inability to cqmplete Improper patient screening for vascular |Design validation with device, packaging, accgs-
implant proc¢dure; compatibility, delivery system failure, sories, and IFU; tracking evaluation of valve afnd
increased prqcedural time |improper sizing, valve damaged during |delivery system; in*process inspections, pre-
loading onto delivery system, device not |clinical in vive’evaluation, usability and clinicql
compatible with accessories evaluationsg
Virus, bovine[spongiform |Tissue and/or tissue-derived source Demonstrated compliance with all elements of
encephalopathy or other material contamination ISO 22442 (all parts)
transmissiblg agent
Bleeding Perforation of vessel wall during valve Design validation testing with device and deliyery
deployment, perforation of vessel wall System, pre-clinical in vivo evaluation, clinical
due to support structure fracture, perfo* |evaluation
ration of vessel wall or cardiac chamber
wall with delivery system, erosion of
vessel wall
Unintended apatomical Anterior mitral leaflet interférence, coro- | Ex vivo evaluation (e.g. cadaver studies), pre-clini-
interactions nary occlusion, conduction'system inter- |cal in vivo evaluation, clinical evaluation
ference, vascular or myocardial injury
Plastic deforthation of User applies excessive force on prosthesis | Usability assessment of representative intendgd
prosthesis support struc- | during crimping.process users conducting prosthesis preparation, crinfp-
ture ing, and loading tasks
Prosthesis is prematurely |Design@ruser error Usability assessment of representative intend¢d
deployed users conducting simulated implant procedurg
tasks, clinical evaluation
G.2 Additionalgeneric failure modes and causes
G.2.1 Pot¢ntial hazards relating to the delivery system’s “ability to access” include, but are not limited

to, the folloy

ving:

a)
b)
‘)
d)
e)

emboli generation;

guidewire not crossing the lesion;

delivery system not advancing to target implant site;

device embolization from the delivery system.

introducer and delivery systems not matching the access site (i.e. size mismatch);

G.2.2 Potential hazards relating to the “ability to deploy the delivery system” include, but are not
limited to, the following:

a)

48

inability to fully and properly deploy the device;
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g)
G.2.

limited to, the following:

a)
b)

c)
d)
e)
f)
g)
h)
i)

j)
G.2.

to, the following:

a)
b)
‘)
G.2.

impliant sitexinclude, but are not limited to, the following:

a)
b)
‘)
d)
e)

ISO 5840-

3:2013(E)

disproportionate dimensions and properties, such as balloon compliance and burst pressure, of

balloon relative to device and implant site (if applicable);
device embolization from the delivery system;

balloon failure (if applicable);

damage of device components by other components;
inadequate visualization;

emboli generation.

B Potential hazards relating to the “ability to withdraw the delivery system” include)

mproper balloon deflation (balloon expandable);

balloon winging (cross-sectional shape of the balloon when deflated“that can caug
during withdrawal);

ack of structural integrity;

emboli generation;

Hiameter mismatch;

Hevice embolization from the delivery system;

Hamage of device system components by other cemponents;
Helivery system snags on the device;

nadequate visualization;

Hevice embolization.

i Potential hazardsrelatingtothe “haemostasis of the delivery system” include, but arg

Kize mismatch;
Keal incompetenge;
pther leakage!

b Potential hazards relating to the “ability to accurately deploy the device” withiy

ndecurate positioning or orientation;

but are not

e problems

notlimited

the target

improper deployment configuration;
incomplete deployment;
inadequate visualization;

improper sizing of implant site.

G.2.6 Potential hazards relating to “effective fixation of the device” within the vasculature include, but
are not limited to, the following:

a) incomplete apposition to vessel wall;

b) excessive or inadequate radial outward force;
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c) improper sizing of implant site;
d) device migration;
e) device embolization.

G.2.7 Potential hazards related to “structural integrity of the device” include, but are not limited to,
the following:

a) structural failure of implant;

b) loss of complete apposition to vessel wall;

c) leaking
G.2.8 Pot¢ntialhazardsrelated to “durability of the device” include, butare notlimited to, thelfollowing:
a) potentipl failure modes, such as wear, strut fracture, delamination and suture breaks;

b) radial and axial loads, and other in vivo loads.

G.3 Additional generic failure modes and causes
Additional generic failure modes and causes include:

— valve apd delivery system cannot navigate tortuous anatomy;

— valve cqnnot be loaded onto the delivery system;

— valve ijverted on the delivery system;

— valve cannot be released from the delivery system'post-deployment;
— inadequiate IFU;

— poorly flesigned delivery system user interface;

— inadequiate labelling;

— inadeq:[ate warnings;

— use by tinskilled personnel;

— packagjng damaged-during shipment;
— shelf life degradation;

— enviropmental damage during shipment and storage (excess heat or cold);

. .1 .
— lmproperte-tse-oraevice:
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(informative)

In vitro test guidelines for paediatric devices

H.1 Introduction and paediatric definitions

Traditionally, heart valve substitutes have been designed, tested and labelled for the adult
Manly real and perceived scientific, marketing and regulatory barriers have limited the-dev|
paediatricheartvalve substitutes. These include the need for small device sizes, patient grow

mul

market size, and a lack of sufficient patients to fill a typical clinical trial. Thesefuiestions wer

ata

by clinicians, device industry representatives, academicians and the US-Food and Drug Adny

The

talkgiven at that workshop.
NOTE

Somg definitions of paediatrics (see Table H.1) includevonly four groups (newborn, iy
adolpscent), but input from paediatric clinicians led to adding the “toddler” subpopulation.

3:2013(E)

tiple reoperations, problems with enhanced calcification of bioprosthetic tissue, a perd
paediatric heart valve workshop held in Washington, D.C. on January 12,2010, which wj|

following guidelines for in vitro testing of devices intended for thé\pdediatric populatiof

See Reference [14].

Table H.1 — Paediatric definitions

Paediatric subpopula-

H.2

tion

Approximate age range

Proposed definition

Newborn

Birth to 1 month

0 < age < 30 days

Infant

1 month to 1 year

30 days < age < 1 year

Toddler

1 year to 5 years

1 year < age < 5 years

Child

5years to 13 years

5years < age < 13 years

Adolésgent

13 years to 21 years

13 years < age < 22 years

population.
elopment of
th requiring
eived small
p addressed
as attended
inistration.
h are from a

ifant, child,

Pulsatileflow test conditions: left side

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

Paefliatric subpopu-

Systolic duration

MAP

Beat

Cardiac

Iation

0
/70

1l
TS

i Ll o
TatC(OPIIIg

uutyl, tb [l/mln)

Newborn 50

45

60, 150,200

0,5;1; 1,5

Infant 50

55

60, 120,200

1,23

Toddler 45

65

60, 100, 160

1,5; 3; 4,5

Child 40

80

60, 80, 140

2;3,5;5

Adolescent 35

100

45,70,120

2,57

a  See Reference [14].

b See Reference [8].

H.3 Pulsatile flow test conditions: right side
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Table H.3 — Pulsatile flow test conditions: right side

Paediatric subpopu- | Systolic duration MAP Beat Cardiac
lation % mmHg rate (bpm)a outputb (1/min)
Newborn 50 20 60, 150, 200 0,51, 1,5
Infant 50 20 60,120, 200 1,23
Toddler 45 20 60, 100, 160 1,5 3;4,5
Child 40 20 60, 80, 140 2;3,5 5
Adolescent 35 20 45,70,120 2,57

a  See Refeilence [14].

b See Reference [8].

H.4 Steafly back pressure and forward flow conditions: left side

Table H.4 — Steady back pressure and forward flow conditions: left side

Paediatric sub- Steady back pressure? Steady forwardflow ratesb
population mmHg l/min
Newborn 40, 80 5,10, 15
Infant 40, 80,120 5,10, 15,20
Toddler 40, 80,120 5,10, 15, 20
Child 40, 80, 120, 160 5,10, 15, 20, 25
Adolescent 40, 80, 120, 160, 200 5,10, 15, 20, 25, 30
a  See Reference [14].
b See Reference [8].

H.5 Steafly back pressure and forward flow conditions: right side

Table H.5 — Steady baek pressure and forward flow conditions: right side

Paediatric sub® Steady back pressurea Steady forward flow ratesb
population mmHg 1/min
Newborn 5,10, 20 5,10, 15
[nfant 5,10, 20 5,10, 15, 20
Toddler 5,10, 20 5,10, 15, 20
Child 5,10, 20,30 5,10, 15, 20, 25
Adolescent 5,10, 20, 30, 40 5,10, 15, 20, 25, 30
a  See Reference [14].
b See Reference [8].

H.6 AWT test conditions: left side
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Table H.6 — AWT test conditions: left side

L Minimum mitral peak |Minimum aortic peak differen-
Paediatric sub- differential pressurea tial pressureb
population
mmHg mmHg
Newborn 75 50
Infant 90 60
Toddler 97 67
Child 105 75
Adolescent 120 90
a  See Reference [14].
b See Reference [6].

AWT test conditions: right side

Table H.7 — AWT test conditions: right.side

L. Minimum tricuspid peak | Minimium pulmonary peak dif-
Paediatric sub- differential pressurea ferential pressureb
population
mmHg mmHg
Newborn 30 10
Infant 30 10
Toddler 30 10
Child 30 10
Adolescent 30 10
a  See Reference [14].
b See Reference [6].

FEA/life analysis conditions: left side

Table H.8 — FEA/life analysis conditions: left side

FEA peak differential . . S
Paediatric sub- pressure/C03 Life analysis cycle criterion
population
mmHg/(l/min) equivalent years
Newborn 70/1,5 5
Infant 90/3 7
Toddler 110/4,5 10
Child 135/5 10b
Adolescent 160/7 10b
a  See Reference [14].
b Reference [14] says 15 equivalent years, which comes from US FDA.

H.9 FEA/life analysis conditions: right side
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Table H.9 — FEA/life analysis conditions: right side

iatri FEA peak differential Life analysis cycle criterion
Paedlatrlc. sub- pressure/C0a y y
population
mmHg/(1/min) equivalent years
Newborn 30/1,5 5
Infant 30/3 7
Toddler 30/4,5 10
Child 35/5 10b
Adolescent 40/7 10b

a

b

See Reference [14].

Reference [14] says 15 equivalent years, which comes from US FDA.
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3:2013(E)

Statistical procedures when using performance criteria

General

Hist

the ean and standard deviation of three samples. Because these sample sizes are veny-sm3

to w

1.2

The
acco
pres
(AN
or m
and
sam
mea

are ot independent. In such cases, a nested ANOVA\could be performed. This approach lead

stan
mea

brically, mean pressure difference and leakage values for a given valve size have béen

ide confidence intervals when comparing results to a reference valve or performance c

Methods

confidence interval can be effectively reduced by modelling the entire experiment in
unts for both the valve size and flow rate (for the pressure difference) or valve siZ
sure (for the leakage)(see Reference [18]). Suitable modelling, methods include analysis|
DVA) and regression analysis. The performance criteria are then compared to the sampl
inus a confidence interval. Additional information to report might include how well th¢
Lhe statistical significance of the effects of the size and.flow rate (or back pressure). Nof
e valve is tested under more than one condition (g,g* under several flow rates), then {
surements should be taken into account to reflect(the fact that the measurements on the

dard errors and narrower confidence intervals than the estimate obtained if the correlat
surements are ignored.

reported as
11, they lead
riteria.

a way that
e and back
of variance
e mean plus
b model fits,
e that if the
he multiple
same valve
s to smaller
ionsamong

© IS0 2013 - All rights reserved

55


https://standardsiso.com/api/?name=8627180c5701e73475937ff7f43a882d

ISO 5840-3:2013(E)

Annex |
(informative)

Examples and definitions of some physical and material properties
of transcatheter heart valve substitutes and their components

J.1 Gene¢ral

Thisannex
in characte

All measur
finished pr

Examples o
characteriz

The risk an
the heart v4

J].2 Bulk
J.2.1
chemical c
measureme
J.2.2
density
measureme
J.2.3
liquid diffy

measureme
tissues and

rovides examples and definitions of the physical and material properties that could be rele
ements should be performed on materials or components as they would be found in

duct. This includes all subsequent treatments after fabrication.

[ some standardized test methods that could be relevant for physical and material prop
htion are provided in Annex K.

hlysis should play a role in the choice of determining the physical and material properti
lve substitute and its components.
physical properties

bmposition

nt of the chemical composition and purity, including any processing aids

nt of the mass per unityvolume, i.e. the compactness of a material

sivity (porosity and permeability)

fluidenvironments

izing a transcatheter heart valve substitute and/or its components, and their.definitions|

vant

the

erty

es of

nt of théability of a material to absorb or adsorb biological components from the surrounding

NOTE T

his-biological property could cause calcification and premature failure of some animal tissues u

nder

certain stres

J.2.4

Ses.

material hardness

measurement of resistance to scratching or plastic deformation by indentation (generally related to
wear resistance)

J.2.5

microstructure

56
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measurement of the size and shape of the grains, defects, voids, etc. of which the material is composed
NOTE For tissue-derived materials, this should include, e.g. cellular or collagen morphology.

J.2.6

coefficient of thermal expansion

change in physical dimension as a result of a change in temperature

J.2.7

glasgtransition temperature
charjacteristic temperature of a polymer system below which long-chain mobility no lenger fexists
J.2.

melf index

numper of grams of thermoplastic resin at a specified temperature that can be forced through a specified
orifice in an allotted time by a specified pressure

J.29
melting point
temperature at which a solid material turns liquid

].2.1TO

hydraulic expansion

comparison of the dimensions of the materialbefore and after exposure to water
J.2.11
biostability
charjge in chemical composition/of a material after exposure to a physiologic-fluid environnpent
J.2.42
film|thickness

thickness of a film deposited on a substrate, averaged over the surface of the film

NOTE Techhiques for measuring thin-film thickness include profilometry and ellipsometry. Ir] some cases,
Augdr depthprofiling can be used.

J.2.13

film composition

analysis of the elemental composition of a film, expressed as a percentage

J.3 Surface physical properties

J].3.1 General

All measurements should be performed on materials or components as they would be found in the
finished product. This includes all subsequent treatments after fabrication, e.g. sterilization.

J.3.2
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critical surface tension

surface morphology of a biological implant

NOTE Surface roughness and chemical composition play a key role in how an implant interacts with the
biological host. Critical surface tension is a useful attribute for characterizing the surface of a solid material. The
measurement is affected by the surface’s topology, chemistry and cleanliness. The measurements are related to
the surface free energy of the material.

J.3.3

surface roughness

microtopohl)gy of the component surface
].3.4
surface ch¢mical composition

material composition within a few atomic layers of the surface
NOTE Vhriations in the chemicals present at the surface could affect how a material will react with the fhost.
The chemical constituents of the surface can be altered by manufacturing processés such as grinding, polishing,
cleaning, stefilizing and handling.
].3.5
surface charge and surface charge density

type of chagge (positive or negative) and the amount that cah.be bound to the surface of a material
NOTE Ihasbeen suggested that surface charge can play.dvimportantrole in the biocompatibility of matefials.
].3.6
surface registance, R

ratio of the pulk resistivity and film thickness:

Q
Rsheet = 3
where
Q is the bulk resistivity,’expressed in ohm-centimetres;
5 is tHe samplethickness, expressed in centimetres

NOTE Al typieals method for determining the sheet resistance is the “four-point probe” method. |Such
measuremenfts should be done at several places on the surface of the film to obtain an average sheet resistance yalue.

J.4 Mechanical and chemical engineering properties

J.4.1 General

The following are the materials’ engineering properties that can be evaluated to assess the ability of a
material or a component to function in the intended site.

].4.2
wear resistance

rate of the systematic removal of material as two surfaces move past one another
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coefficient of friction

ener

gy expended in moving two components past one another that are in intimate contact

].4.4

peel

strength

adhesion between different layers of a material, usually a lamellar composite

3:2013(E)

NOT
J.4.5
flex
stre
NOT
ensu

an a

J.4.6

[ Lamellae could include thin surface layers used to change the chemical boundary conditions

iral strength

bs level required to cause fracture in bending
) There is usually considerable variation in the measured strength arhong specimens in th

e that the data are representative of the true strength of the material, the'results should be re
propriate statistical method.

compressive strength

stre

NOT
ensu
ana

].4.7
tens
stre

NOT
capa

s required to deform a material in a uniaxial compressive stress state
) There can be considerable variation in the.measured strength among specimens in thi

e that the data are representative of the true strength of the material, the results should be re
propriate statistical method.

ile strength
bs required to deform a material in a uniaxial tensile stress state

1  The term “tensile steeéngth” or “ultimate tensile strength” is usually used to define the |
bility of a material in\a)uniaxial tensile stress state typically expressed as an engineering

condjition also defines thelimit of uniform strain, after which plastic instability (necking) occurs.

NOT
of te
repo

].4.9

£ 2 There isyustally considerable variation in the measured strength among specimens in
5ts. To ensuge‘that the data are representative of the true strength of the material, the resu
Fted using an appropriate statistical method.

of amaterial.

ese tests. To
ported using

ese tests. To
ported using

bad-carrying
stress. This

these types
ts should be

ten

ile‘strain to failure (nlnnoaﬁnn)
(=]

total amount of strain or elongation that a material can tolerate just prior to fracture

J.4.9

strain energy to failure

ener

NOTE

J.4.1

gy needed to deform a material to breaking point

0

residual stress
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stresses that remain in a material after it has been fabricated

J.4.11

fretting

surface damage that results when two surfaces in contact experience slight periodic relative motions

J.4.12

stress relaxation

gradual ded
J.4.13
creep
temporal ch

J.4.14

fracture toughness

measure of
NOTE It
].4.15
crack grow
speed and I¢

NOTE T

].4.16
fatigue life

number of
loading con

NOTE |
phase, when
site, untilac
phase of fati
exceeds the

J.4.17

rease 1n measured stress under a specilied elongation or deformation

ange in dimension of a material under a prescribed mechanical loading €pnidition

the ability of a material to deform plastically in the presence‘of a notch

is the stress intensity at which unstable crack growth will proceed.

th velocity
ad conditions under which a crack will propagate through a material once ithas been initj

he rates can be influenced by the residual.stresses in the material.

Cycles or total time a material can be repeatedly loaded without fracture under spec
ditions

h general, there ar€two independent time components to fatigue failure. First is the crack initi
repeated loading/cycles weaken a material, usually through a defect coalescence process at a
Fitical flaw size is reached and fracture occurs. Once a crack is initiated, the second, or crack grg
bue beginS.\The crack continues to grow under repeated loading conditions until the stress lo3
ractureitoughness, resulting in total failure.

ated

ified

htion
flaw
wth,
ding

general corrosion

uniform degradation of the surface of a metal due to chemical reactions with specific environments

].4.18

fretting corrosion

form of corrosion in which two surfaces rubbing against each other produce small particles which
oxidize to form an abrasive powder that exacerbates the destructive process, eventually forming a crack

NOTE

are subjected to slight relative motions.

60

The surface damage occurs between adjacent surfaces that are in close contact, under pressure, and
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J.4.19

pitting corrosion

form of extremely localized corrosion that leads to the creation and propagation of small holes in the metal
].4.20

crevice corrosion

corrosion occurring in spaces (crevices) to which the access of the working fluid from the
environment is limited

].4.21
galvianic corrosion

electrochemical process in which one metal corrodes preferentially when in electrical contact with a
diffdrent metal and both metals are immersed in an electrolyte

J.4.22
intergranular corrosion
fornj of corrosion where the grain boundaries of a metal are more Susceptible to corrosion thap the matrix
].4.23
strefss corrosion cracking
failure of a metal from the combined effects of a corrosion environment and a static tensile stress
].4.24
corrosion fatigue

simyltaneous action of cyclic stress and chemical attack on a metallic part
].4.25
void concentration

numlper of voids in a film/(areas where the film did not cover the substrate) per unit area

NOTE The void)concentration is specific to the void size or range of sizes (e.g. a void concentrafion might be
100 yoids of diameter 1 mm or less per square centimetre).

J.4.26

tear|strength

force needed to initiate or continue tearing a sheet of fabric

].4.27

Young’s modulus

slope of the initial linear portion of the stress strain curve; a measure of the mechanical stiffness of a material
NOTE As a tensile or compressive stress is exerted on a piece of material, it tends to elongate or contract.
The ratio of the applied stress to the percentage change in length (strain) is defined as Young’s modulus. Young’s

modulus is needed in theoretical modelling of both the static and dynamic stress distributions anticipated in
completed devices.

].4.28
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Poisson’s ratio

ratio of change in dimensions in the transverse direction to the longitudinal direction

NOTE

When a piece of material is stretched or compressed longitudinally under a uniaxial load, it changes

shape transversely. As with Young’s modulus, Poisson’s ratio is needed to model the mechanical behaviour of
completed devices.

].4.29

dynamic moduli

complex mo
]J.4.30
stress inte
description
J.4.31
critical str

stress inten

NOTE k
rate and strd
].4.32
fatigue

fracture of

J.5 Nitin
J.5.1
austenite f|

temperatur

dull (storage andloss modull) thatdescribe the mechanical behaviour oI viscoelastic mate

hsity factor, k

of the intensity of the stress field ahead of a sharp crack under linear elasti€l¢gading condit

pss intensity factor, k¢
sity above which a crack will advance under monotonic, quasi-static loading conditions

is a function of the mode of loading, chemical environment;microstructure, test temperature, s
ss state.

h material under repeated application efa stress or strain

10l properties

inish temperature, A¢

a single-st

a
completed (En heating in{@atwo-stage transformation

e transformation, or the temperature at which the R-phase-to-austenite transformati

STM provides different methods for determining Af (e.g. DSC or bend and free recovery).

rials

ions

train

e at which the reverse martensite-to-austenite transformation is completed on heating in

b is

NOTE A
].5.1.1
bend and f;

cecreceovery

test method to determine the Af temperature of nitinol by measuring the rate of strain recovery as a
function of temperature during heating of a previously deformed test sample

].5.1.2
differentia

DSC

I scanning calorimetry

test method to determine the Ar temperature of nitinol by comparing the enthalpy (heat evolved) of a

test sample

62

to a known standard during heating
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X
Key
X temperature (°C)
Y heat flow (W/g)
As Austenite start temperature
Ap Austenite peak temperature
Af Austenite finish temperature
M;s Martensite start temperature

M, Martensite peak temperature
Mg Martensite finish temperatuze

NOTE Reprinted from ASTM F2005 with permission of ASTM International.
Figure J.1 — Example DSC graph for single-stage transformation nickel-titaniunm alloy

J.5.2

mechanical properties

1.5.2.1

lower plateau strength

LPS

stress at 2,5 % strain during unloading of the sample, after loading to 6 % strain
NOTE See ASTM F2516.

]J.5.2.2

residual elongation, El; (%)
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difference between the strain at a stress of 7,0 MPa during unloading and the strain at a stress of 7,0 MPa

during loading
NOTE See ASTM F2516.
J.5.2.3

uniform elongation, Ely (%)

elongation at the maximum force sustained by the test piece just prior to necking, or fracture, or both

NOTE See ASTM F2516.

J.5.2.4
upper plateau strength
UPS
stress at 3 %6 strain during loading of the sample
NOTE S¢e ASTM F2516.

J.5.2.5
ultimate tgnsile strength
UTS
maximum lpad carrying capability of a sample tested in uniaxial tension
J.5.2.6

austenite modulus

steepest part of the initial loading stress-strain:éurve of a superelastic nitinol sample

NOTE Uplike most metals, the modulus, of nitinol can exhibit significant temperature sensitivity and might

be affected Hy the onset of a mechanically.induced transition to the R-phase.
].5.2.7

martensit¢ modulus

steepest part of the unloading stress-strain curve of a superelastic nitinol sample

64
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NOTE Reprinted from ASTM F2516 with’permission of ASTM International.

Figure J.2 — Typical stress=strain curve of superelastic (SE) nitinol indicating various

reportable parameters
J.5.3
glossary of terms‘related to nitinol

J.5.41

austenite
highttemperature solid phase of approximately equiatomic composition in the Ni-Ti alloy sylstem

NOTE After processing to obtain specific properties the austenite phase can undergo a reversible phase
transformation to the martensitic or rhombohedral (R)-phases.

].5.3.2
martensite

low-temperature solid phase of approximately equiatomic composition in the Ni-Ti alloy system that
formed from the austenite or the rhombohedral phase with either B19 (orthorombic) or B19’ monoclinic
crystal structure

].5.3.3
rhombohedral (R) phase
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metastable
].5.3.4

nitinol

phase of nitinol

generic trade name for a Ni-Ti alloy (include typical composition range per ASTM) primarily used for its

superelastic or shape memory behaviour

J.5.3.5

shape memory alloy

metal whicllx, after an apparent plastic deformation in the martensitic phase, undergoes a thermoelastic

phase tran
recovery of

].5.3.6
radial resi
RRF

force exert

the deformation

stive force

meter

be Figure ].3.

tward force

be Figure ].3.

sformation when heated through its transformation temperature range resulting |in a

bd by a superelastic nitinol support structure as it resists radial compression from its

d by the supportstructureasitexpandstoitsrelaxed diameterafter beingradially compressed

relaxed dia
NOTE S
].5.3.7
chronic ou
COF

force exerte
NOTE S
66
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Figure J.3 — Force-diameter curve of a superelastic (SE) nitinol support strucfure
demonstrating chronic outward force (COF) and radial resistive force (RRF)

J.5.3.8
supe¢relasticity

nonlinear receverable deformation behaviour of Ni-Ti shape memory alloys at temperaturgs above the
austenite'finish temperature (Ar)

NOTE The non-linear deformation arises from the stress-induced formation of martensite on logding and the
spontaneous reversion of this crystal structure to austenite upon unloading.

J.5.3.9

phase transformation temperatures related to nitinol

J.5.3.9.1

martensite start temperature, Mg

temperature at which the forward austenite-to-martensite or R-phase-to-martensite transformation begins
J.5.3.9.2

martensite finish temperature, My
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temperature at which the forward austenite-to-martensite or R-phase-to-martensite transformation ends

J.5.3.9.3

austenite start temperature, Ag

temperature at which the reverse martensite-to-austenite or R-phase-to-austenite transformation begins

J.5.3.9.4

rhombohedral start temperature

R-phase stfiTttemperature

Rs

temperaturg at which the forward austenite-to-R-phase transformation begins

J.5.3.9.5
rhombohedlral finish temperature
R-phase finnish temperature

R

temperature at which the forward austenite-to-R-phase transformation ends
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Annex K
(informative)

Examples of standards applicable to testing of materials

and

components of transcatheter heart valve substitutes

K.1
K.1.
ISO
ISO

ISO
4-va

ISO ]

ISO}
alloy]

ISO
mol)

ISO
chro

ISO
moly

AST

AST
and

AST
shap

AST
shap

Metals

Il Specifications for materials for metal surgical implants

b832-1, Implants for surgery — Metallic materials — Part 1: Wrought stainless-steel
h832-2, Implants for surgery — Metallic materials — Part 2: Unalloyed titanium

5832-3, Implants for surgery — Metallic materials — Part 3xWrought titanium ¢
hadium alloy

832-4, Implants for surgery — Metallic materials — Part 4: Gobalt-chromium-molybdenum

b832-5, Implants for surgery — Metallic materials — Part5: Wrought cobalt-chromium-tun

5832-6, Implants for surgery — Metallic matérials — Part 6: Wrought cobalt-nicke
bdenum alloy

5832-7, Implants for surgery — Metallic materials — Part 7: Forgeable and cold-for
imium-nickel-molybdenum-iron alloy

5832-8, Implants for surgery —= Metallic materials — Part 8: Wrought cobalt-nicke
bdenum- tungsten-iron alloy

M F2005, Standard terminology for nickel-titanium shape memory alloys

M F2063, Standard spégifications for wrought nickel-titanium shape memory alloys for me
surgical implants

M F2082, Staridard test method for determination of transformation temperature of nic
e memory alloys by bend and free recovery

M F2004,Standard test method for determination of transformation temperature of nic
e memory alloys by thermal analysis

y-aluminium

rasting alloy

gsten-nickel

I-chromium-

med cobalt-

I-chromium-

lical devices

kel-titanium

kel-titanium

AST

M E251 6, Standard test mpf‘hnﬂfnr tension t‘pcl‘ing nfnirl(pl-l‘il‘nnium cnpprp]ncf’ir materia

K.1.2 Tensile test with extensometer to failure

ASTM EB8, Standard test methods for tension testing of metallic materials

ASTM E111, Standard test method for Young’s modulus, tangent modulus, and chord modulus

K.1.3 Poisson’s ratio

ASTM E132, Standard test method for Poisson’s ratio at room temperature

K.1.4 Durability crack initiation and endurance limit; S-N curves

ASTM E466, Standard practice for conducting constant amplitude axial fatigue test of metallic materials
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ASTM E468, Standard practice for presentation of constant amplitude fatigue test results for metallic materials

ASTM E739, Standard practice for statistical analysis of linear or linearized stress-life (S-N) and strain-life

(E-N) fatigue data

K.1.5 Fatigue crack growth rate; crack growth velocity

ASTM E647, Standard test method for measurement of fatigue crack growth rates

K.1.6 Hardness

ISO 6508-1, Metallic materials — Rockwell hardness test — Part 1: Test method (scales A, B, C, D, E, F,
G H K N, 1))

ISO 6507-1,[Metallic materials — Vickers hardness test — Part 1: Test method

K.1.7 Micfostructure

ASTM E3, Sgtandard guide for preparation of metallographic specimens

ASTM E112

K.1.8 Thermal expansion

ASTM E228
K.1.9 Fra
ASTM E399
AS/TM 182

K.1.10 Fatigue life

ASTM E466
metallic ma

ASTME468

ASTM E739
(E-N) fatigu

K.1.11 Cor

ASTM F212
determine t

ASTM G46,
ASTM F746

Standard test methods for determining average grain size

Linear thermal expansion of solid materials with a vitreoussilica dilatomet
Cture toughness
Standard test method for plane-strain fracture toughness of metallic materials

D, Standard test method for measurement of frdacture toughness

, Standard practice for conducting foree controlled constant amplitude axial fatigue tes
Lerials

Standard practice for presentation of constant amplitude fatigue test results for metallic mat¢

Standard practice for statistical analysis of linear or linearized stress-life (S-N) and strai
P data

rosion

9, Standard test’method for conducting cyclic potentiodynamic polarization measuremen
he corrosien’susceptibility of small implant devices

Standard guide for examination and evaluation of pitting corrosion

Standard test method for pitting or crevice corrosion of metallic surgical implant materid

ts of

rials

n-life

ts to

Is

ASTM G61, Standard test method for conducting cyclic potentiodynamic polarization measurements for
localized corrosion susceptibility of iron-, nickel-, or cobalt-based alloys

ASTM F746, Standard test method for pitting or crevice corrosion of metallic surgical implant materials

ASTM G192-08, Standard test method for determining the crevice repassivation potential of corrosion-
resistant alloys using a potentiodynamic-galvanostatic-potentiostatic technique

ASTM G82, Standard guide for development and use of a galvanic series for predicting galvanic corrosion
performance

ASTM G71, Standard guide for conducting and evaluating galvanic corrosion tests in electrolytes
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ASTM G106-89, Standard practice for verification of algorithm and equipment for electrochemical
impedance measurements

ASTM G161-00, Standard guide for corrosion-related failure analysis
ASTM G199-09, Standard guide for electrochemical noise measurement

ASTM G108-94, Standard test method for electrochemical reactivation (EPR) for detecting sensitization of
AISI type 304 and 304l stainless steels

ASTM G44-99, Standard practice for exposure of metals and alloys by alternate immersion in neutral 3.5 %
sodipm chloride solution

ASTM A262-10, Standard practices for detecting susceptibility to intergranular atta¢k-ijp austenitic
stainless steels

ASTM F1801-97, Standard practice for corrosion fatigue testing of metallic implantmaterials

ISO 16429, Implants for surgery — Measurements of open-circuit potential to ds$ess corrosion pbehaviour of
metqllic implantable materials and medical devices over extended time periods

K.2| Polymers
K.2.l Viscosimetry
ASTM D20, Standard test method for distillation of road tars

ISO b1, Plastics — Determination of apparent density:of moulding material that cannot be poured from a
specffied funnel

K.2.2 Melt flow index
ASTM D1238, Standard test method for melt flow rates of thermoplastics by extrusion plastometer
K.2.B Specifications for high molecular weight polyethylene

ISO 3834-1, Quality requirementsifor fusion welding of metallic materials — Part 1: Criteria for the selection
of the appropriate level of quality requirements

ISO B834-2, Quality requivements for fusion welding of metallic materials — Part 2: Comprehensive
qualjty requirements

1SO 3834-3, Qualityrequirements for fusion welding of metallic materials — Part 3: Standard quality Hequirements

ISO B834-4, Quality requirements for fusion welding of metallic materials — Part 4: Elemenjtary quality
requirements

K.2.#CDetermination of breaking strength under static load

ISO 13934-1, Textiles — Tensile properties of fabrics — Part 1: Determination of maximum force and
elongation at maximum force using the strip method

K.2.5 Tensile test with extensometer to failure (if possible)
ASTM D638, Standard test method for tensile properties of plastics
K.2.6 Tensile properties

[SO 527 (all parts), Plastics — Determination of tensile properties
K.2.7 Poisson’s ratio

ASTM E132, Standard test method for Poisson’s ratio at room temperature
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K.2.8 Determination of dynamic mechanical properties

ISO 6721-1,

Plastics — Determination of dynamic mechanical properties — Part 1: General principles

ISO 6721-2, Plastics — Determination of dynamic mechanical properties — Part 2: Torsion-pendulum method

K.2.9 Resistance to surface wear

ISO 4586-2, High-pressure decorative laminates (HPL) — Laminates based on thermosetting resins —
Part 2: Determination of properties

K.2.10 Resistance to scratch

1SO 1518 (a
BS 3962-6, |
K.2.11 Flej
1SO 178, Pld

| parts), Paints and varnishes — Determination of scratch resistance
A ssessment of resistance to mechanical damage
fural properties; determination of breaking strength under dynamic bending loa

stics — Determination of flexural properties

K.2.12 Fatigue crack initiation and endurance limit; S-N curves

ASTM E466
metallic ma

ASTM E468

, Standard practice for conducting force controlled constant/amplitude axial fatigue tes
Lerials

, Practice for presentation of constant amplitude fatigue:test results for metallic materials

K.2.13 Fatigue crack growth rate

ASTM E647
K.2.14 Det
ISO 604, Plg
K.2.15 Spe

BS 7253-3, ]
vulcanized 4

K.2.16 Den
ASTM E792

Test method for measurement of fatigue crackgrowth rates
ermination of compressive properties
stics — Determination of compressive properties
cification of surgical implants'made from high-density silicone elastomer

Non-metallic materials for surgical implants — Specification for surgical implants made of
ilicone elastomer

sity

Standard guideyer selection of a clinical laboratory information management system

K.2.17 Liquid diffusivity (porosity and permeability; water absorption)

ASTM D570, Standard test method for water absorption of plastics

K.2.18 Handness

|="

ts of

neat-

ASTM D785, Standard test method for Rockwell hardness of plastics and electrical insulating materials

K.2.19 Wear resistance

ASTM D1044, Standard test methods for resistance of transparent plastics to surface abrasion

ASTM D4060, Standard test method for abrasion resistance of organic coatings by the taber abraser

K.2.20 Creep

ASTM D2990, Test methods for tensile, compressive, and flexural creep and creep-rupture of plastics

K.2.21 Fracture toughness
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ASTM E399, Standard test method for plane-strain fracture toughness of metallic materials

AS/TM 1820, Standard test method for measurement of fracture toughness

K.2.22 Hydraulic expansion

ASTM F1087, Test methods for linear dimensional stability of a gasket material to moisture

K.3

Ceramics and carbons

K.3.1 Physical and chemical properties

ISO

K.3.
AST
K.3.
AST
K.3.
AST
K.3.
AST

K.4
K.4.
ISO

K.5
K.5.

ISO
test

K.5
DIN

K.6

b474 (all parts), Implants for surgery — Ceramic materials

P Fatigue rate

M E647, Standard test method for measurement of fatigue crack growth rates

3 Hardness

M E92, Standard test method for Vickers hardness of metallic materials

1 Thermal expansion

M E228, Linear thermal expansion of solid materials with Guitreous silica dilatometer
6 Fracture toughness

M E399, Standard test method for plane-strain fracture toughness of metallic materials

Biological materials
I Possible adaptation of tensile properties

b27 (all parts), Plastics — Determination of tensile properties

Textiles

1 Determination‘eftear-out resistance

| 3937-2, Textilesy= Tear properties of fabrics — Part 2: Determination of tear force of tro|

bpecimens (Single tear method)

.2 Determination of water absorption

53923, Testing of textiles — Determination of water absorption of textile fabrics

user-shaped

MRI compatibility

ASTM F2052, Standard test method for measurement of magnetically induced displacement force on medical
devices in the magnetic resonance environment

ASTM F2119, Standard test method for evaluation of MR image artifacts from passive implants

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

ASTM F2213, Standard test method for measurement of magnetically induced torque on medical devices in
the magnetic resonance environment
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ASTM F2503, Standard practice for marking medical devices and other items for safety in the magnetic
resonance environment
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Annex L
(informative)

Raw and post-conditioning mechanical properties for support

structure materials

L1

Raw
ther
perf]

Typi
supy

L.2

The
stres
post
but

Raw material properties

material properties determine incoming material quality and uniformity and predict
mo-mechanical effects. Thermo-mechanical properties of the implanted-device aff
brmance, as well as stress (or strain) and fatigue behaviour.

cal mechanical properties listed below that should be specified for the raw material(s)
ort structure include, but are not limited to:

hltimate tensile strength (UTS);
yield strength (YS);

blongation;

plateau stresses, for nitinol;

plastic strain limits, for nitinol.

Post-conditioning mechanical‘properties

stress-strain behaviour of the support structure material after deployment should be r¢
s-strain behaviour should be presented inaplotor graph that showsbothloadingand unloa
processing mechanical properties of the support structure material that should be repof
re not limited to, the following (see Annex ] for other potentially relevant mechanical proy

UTS;

\'S;

blongation;
elasticanodulus;

Poisson’s ratio;

subsequent
ect clinical

used in the

ported. The
ling. Typical
ted include,
erties):

— endurance limit (if applicable);

— plateau stresses, for nitinol;

— elastic strain limits, for nitinol.

L.3

Other mechanical properties

In addition, reporting other mechanical properties at previous stages of manufacture might allow
characterization of the material for use in stress or strain analysis. The stress-strain response, endurance
limit, and post-processing mechanical properties should be determined through physical experiments
or computational models that simulate support structure material properties, manufacturing and
deployment processes. The use of literature or handbook values should be justified. Standard test
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methods should be used whenever possible. Non-standard test methods should be described in detail
and should be justified.
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Annex M
(informative)

Corrosion assessment

M.1_Rationale

Corr
In ad
In vi

osion of the implantable device components can cause or contribute to structural compo
dition, corrosion by-products (e.g. metallic ion release) could cause biological and)tissug
tro testing is performed to detect and measure metallic ion release.

Manjy types of corrosion mechanisms might act, often simultaneously, on the\device over

somg corrosion mechanisms are predominantly related to material properties, surface
manufacturing of the component (e.g. uniform corrosion, pitting corrosiofi and intergranulaf
othelrs relate more to the device design (e.g. crevice corrosion and galvanic corrosion) or the

h

hent failure.
P responses.

time. While
finish and
corrosion),
operational

conditions (e.g. fretting corrosion, corrosion fatigue and stress gorrosion cracking). Thle planning,

sele¢tion, design and execution of corrosion tests should ensure thatall relevant corrosion 1
and [their interactions are identified and assessed to obtain-the information needed to ¢
devire performance during its service life.

Corrosion assessment can include a variety of electrochemical, microscopic and gravimetr
Oftep combinations of qualitative observations, quantitative measurements and statistical
needed to provide an overall assessment of corresion. Standard corrosion tests develope
NACE and ISO address the technical requiremefts specified in the test method but might
modjified to appropriately address conditions applicable to device applications. If a standard
whefe no acceptance criteria are prescribed, the manufacturer should justify the final
critdria adopted.

[
»

NOT See Reference [16].

General

only used standard’methods for medical device components include, but are nof]

hechanisms
valuate the

ic methods.
nalyses are
d by ASTM,
need to be
is followed
acceptance

limited to,

tageous for

conditions
bssible. The

facturer should provide rationale for the selected test methods and justify that al

M.3 Pitting corrosion

applicable
sessments.

Pitting corrosion is a localized form of corrosion. It occurs when discrete areas of a material lose their
passive state and undergo corrosion attack while the majority of the surface remains unaffected. The
localized corrosion attack creates small holes (pits) which can rapidly penetrate the material and
contribute to failure. Pitting of a material depends strongly on the presence of aggressive ionic species
(e.g. chloride ions) in the environment having a sufficient oxidizing potential.

The assessment of the pitting corrosion susceptibility of the device is of relevance both for storage
solution and in simulated in vivo conditions. Literature citations or previous experience with similar
devices could be referenced; however, the materials, design and fabrication processes specific to the
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device under analysis may reduce or eliminate the applicability of generic literature. For example, the
pitting corrosion resistance of nitinol is sensitive to processing variables such as heat treatment and
electropolishing; therefore the pitting corrosion susceptibility of the finished nitinol support structure
should be characterized. To capitalize on previous experience with similar devices it is necessary to
show that their surface chemistries are equivalent.

Pitting corrosion can be assessed by electrochemical methods, such as potentiodynamic and
potentiostatic measurements described in ASTM F2129 and ASTM F746. Crevice corrosion will occur
at lower potentials than pitting and therefore interference from crevices on the test sample can lead to
an underestimation of the pitting resistance. It is recommended to perform microscopic examination
(e.g. as described in ASTM G161) of the samples after testing to evaluate the presence of pits and/or

crevice cor
sample/mo

NOTE S

M.4 Creviice corrosion

Crevice cor
in contact W
liquid in thg
to the rest g
negative va

Crevice con
introduce a

which are protected by a passive oxide.

Literature

presence of
the specific
experience
equivalent.
methods un
ASTM F746

M.5 Galv

Galvanic (ot
it is in elect

metal will e experienced together with partial or complete cathodic protection of the more pos

(more noble

If the devic

rosion, because it is difficult to mount a test sample without introducing a crevice-a
Iint interface.

be Reference [7].

rith small volumes of stagnant liquid. In short, the limited mass transfer within the stag
crevice creates a deoxygenized zone with increased salt and acid concentration comp
fthe liquid. This difference shifts the electrochemical potential within the crevice to a1

rosion can result from the design of the componént’or from formation of deposits
critical crevice. This corrosion mechanism occursznainly, but not exclusively, on mate|

fitations or previous experience with similat devices can be referenced. However, a
critical crevices is strongly related to dewice design, and the material passivity is affecte
fabrication processes, generic literature might not be applicable. To capitalize on prey
with similar devices it is necessary®o show that their surface chemistries and crevice
Crevice corrosion can be assesSed by immersion test methods as well as electrocher
der open circuit conditions or applied potential/current, such as described in ASTM F2
and ISO 16429.

Anic corrosion

bimetallic) corrosion is a form of corrosion in which one metal corrodes preferentially ¢
rical contactwith a different metal. Enhanced corrosion of the more negative (less n

) metal:

e contains more than one type of metal, such as a support structure with marker b4

the manufa

ue which causes passivity to breakdown and the onset ePactive dissolution (corrosion).

F the

Fosion is a form of localized corrosion which occurs in areas whereparts of the materiall are

nant
ared
nore

that
rials

the
d by
ious
b are
nical
129,

Vhen
ble)
itive

nds,

cturer should demonstrate the design’s resistance to galvanic corrosion. It is recommel

nded

that the risk of galvanic corrosion is addressed by theoretical methods, such as Evans Diagram and
ASTM G82. If overlapping of devices is expected during clinical procedures, then the potential for
galvanic corrosion of contacting dissimilar materials should be addressed. Test methods described in
ASTM G71 or equivalent methods can be used or modified, by incorporating the experimental setup
described in ASTM F2129.

M.6 Corrosion fatigue

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

NOTE1 See Reference [10].

Crack growth is often rate limited by one of the slow steps in the mass-transport and crack surface
reaction sequence and, as a consequence, slow loading rates enhance corrosion fatigue damage. Hence,
testing at low frequency might be necessary to adequately address the corrosion fatigue mechanisms
acting on the device. ASTM F1801 outlines corrosion fatigue testing of standard material specimens
for medical implant applications. Corrosion fatigue experiments follow directly from procedures for
mechanical tests and can be assessed as part of the fatigue assessment of the device or in separately

desigmed corrosion fatigue te OT tiie Suppor (ICTUTE COMPONENt aSju e by themmanufacturer.
NOTE 2  See Reference [5].

M.7| Fretting (wear) and fretting corrosion

Fretfingis defined as the wear process occurring between contacting surfaceshaving relative oscillatory
motjon. Fretting corrosion is caused by corrosion reactions which occurat the interface of{two closely
fitting surfaces when they are subjected to slight relative oscillatory motion with or without the abrasive
effeqts of corrosion product debris between them.

The [potential for fretting (wear) and fretting corrosion should be addressed in designg that allow
micfjomotion between components (e.g. woven wires) that‘might disrupt an associated| coating or
pasdive film.

M.§ Post-fatigue corrosion evaluation

After completion of fatigue testing and/or device durability testing, corrosion evaluation of specimens
shoyld be considered. The manufacturer should justify the evaluation method used.
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Annex N
(informative)

Guidelines for verification of hydrodynamic performance

N.1 General

This annex
and test me
procedures
side. See Ta

brovides guidance on test equipment, test equipment validation, formulation of test prot
thods for the hydrodynamic performance of transcatheter heart valves. Equipméentand
should be appropriate for the valve’s intended indication, e.g. adult/paediattie; left/r
ble 1 and Table 2, and Annex H.

N.2 Stea

Steady forw
verifying th

N.3 Stea

N.3.1 Me

N.3.1.1 The steady flow leakage flowrate should havé-aminimum measurement accuracy of + 1 m

N.3.1.2 All other items of measuring equipment shiould have a minimum measurement accuracy o

% of the ful

N.3.2 Test apparatus requirements

ly forward flow testing

rard flow testing is not intended to characterize valve performance, but may be helpf
e accuracy of the pulsatile flow testing. This is an optional study.

ly back flow leakage testing

hsuring equipment accuracy

-scale reading.

cols
test
ight-

ul in

N.3.2.1 The steady back flow leakage testing should be conducted in an apparatus that is capablle of

generating
Tables 1 and

N.3.2.2 The heart valve Substitute should be deployed with simulated conduits representative o

intended im

N3.23 A

ronstant back pressures appropriate for the intended device application in accordance

plant site-ahd deployed device diameters.

stafidardized nozzle can be used to characterize the back pressure, leakage volume flow]

and pressur

with

2.See Annex H for'guidelines regarding suggested test conditions for the paediatric population.

f the

rate

e‘measuring equipment.

N.3.2.4 The repeatability of the test system should be evaluated and documented.

N.3.3 Tes

t procedure

N.3.3.1 Measure the static leakage across the test valve and the standard nozzle at five equidistant back
pressures appropriate for the intended device application in accordance with Tables 1 and 2. Collect at
least five measurements at each level of back pressure. See Annex H for guidelines regarding suggested
test conditions for the paediatric population.
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N.3.4 Testreport
The steady back flow test report should include:

a) adescription of the fluid used for the test, including its biological origin or chemical components,
temperature, viscosity and specific gravity under the test conditions;

b) adescription of the steady flow apparatus;

c) detailsofthe mean,rangeand standard deviation of the performance testvariables, ateach simulated
condition for each test heart valve substitute and standard nozzle, presented in tabular and graphic

orm;i.e. static ]nnl(ngn volume flow rate, nvprnccnd in ]I/min’ asafunction of back pressure.

N.4| Pulsatile-flow testing

N.41 Measuring equipment accuracy

N.4.1.1 The pressure measurement system should have a natural frequéncy of at least 50 times that of
the test cycle rate and a measurement accuracy of at least + 0,26 kPa (x2'mmHg).

N.4.1.2 Regurgitant volume measurements should have a meastrement accuracy of at leasf + 2 ml

N.4.1.3 All other measuring equipment should have a measurement accuracy of at least ¥ 5 % of the
full-$cale reading.

N.4.2 Testapparatus requirements

N.4.2.1 The pulsatile-flow testing should be tonducted in a pulse duplicator which produdes pressure
and [flow waveforms that approximate physiological conditions over the required physiolggical range
appiopriate for the intended device application in accordance with Tables 1 and 2. See Annex H for
guidelines regarding suggested test conditions for the paediatric population.

N.4.2.2 The pulse duplicator,should have had its properties and performance established py means of
testipg reference valves of different sizes in both the aortic and mitral positions.

N.4.2.3 The pulse duplicator should permit measurement of time-dependent pressures| volumetric
flow|rates, velocity fields and turbulent shear stress fields.

N.4.2.4 Thexepeatability of the test system should be evaluated and documented.

N.4.2.5 Reélevant dimensions of the intended implant site should be simulated.

N.4.2.6 The conduit geometry and mechanical properties should be representative of the intended
implant site.

N.4.2.7 The chamber should allow the observer to view and photograph the inflow and outflow aspects
of the test heart valve substitute at all stages of the cycle.

N.4.3 Test procedure

N.4.3.1 Tests should be carried out on each valve in the position in which it is intended to be used.
Qualitative and quantitative assessments should be made.
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N.4.3.2 Pressure difference should be measured at four simulated cardiac outputs between 2 and
7 1/min (e.g. 2; 3,5; 5; 7 I/min), at a single simulated normal heart rate (e.g. 70 cycles/minute), or as
appropriate for the intended device application in accordance with Tables 1 and 2. See Annex H for
guidelines regarding suggested test conditions for the paediatric population.

N.4.3.3 Regurgitant volumes should be measured at three different mean (averaged over the cardiac
cycle) back pressures [e.g. 10,4; 15,6 and 20,8 kPa, (80, 120 and 160 mmHg)], at three simulated low,
normal, and high heart rates (e.g. 45, 70 and 120 cycles/minute) at a normal simulated cardiac output
(e.g. 51/min), or as appropriate for the intended device application in accordance with Tables 1 and 2. See
Annex H for guidelines regarding suggested test conditions for the paediatric population.

N.4.3.4 Afleast 10 measurements of each of the following variables should be obtained from ‘€ither

consecutive|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¢) forwarg flow volume;

d) cycle rdte;

e) mean afterial pressure over the whole cycle;

f) duratiTl of forward flow through the test heart valve substitute, as a percentage of cycle time;

g) regurgitant volume, including the closing volume, the.leakage volume (see Figure 1) and the
corresfjonding mean pressure difference across the closed valve.

N.4.3.5 Agsess the flow fields (velocity and shear) in the immediate vicinity of the heart valve substiftute.

Techniques|for such measurements include, but are not limited to, laser Doppler velocimetry (LDV),

digital particle image velocimetry (DPIV) and computational fluid dynamics (CFD). The CFD code shjould

be verified
design bein

o make sure that the right equations and physics are being modelled as applied to the y
b evaluated. CFD results should.bevalidated by comparison with experimental results.

N.4.3.6 Qtantitatively assess the haemolytic and thrombogenic potential of the valve design in

position of i
and/or in v

htended use, either inthe-studies described in N.4.3.5, or other relevant in vitro, computati
fvo studies. Measupes-such as shear rate magnitude versus duration and particle resid

ralve

each
onal
ence

time should be considered.

N.4.4 Testreport

The pulsatile-flowstest report should include:

a)

a descr
temper

iption of the fluid used for the test, including its biological origin or chemical compon

btirre viccosityvand cpor‘l'f-iﬂ grquif}r undertho toct candition
HH-eS H+ U ae e +est

PNts,

b) a description of the pulse duplicator, as specified in N.4.2, and its major components and
associated apparatus, including a schematic diagram of the system giving the relevant chamber
dimensions, chamber compliance (if a compliant chamber is used), details of the location of the
pressure-measuring sites relative to the base of the leaflets of the heart valve substitute, pressure
measurement instrumentation frequency response, and the appropriate representative pressure
and flow waveforms at nominal conditions;

an assessment, including appropriate documentation, of the opening and closing action of a test
heart valve substitute and, if appropriate, its adjacent flow field under stated conditions;

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
throughit. Details of mean, range and standard deviation of the following performance test variables
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at each simulated cardiac output for each test heart valve substitute and reference valve should be
presented in tabular and graphic form;

e) simulated cardiac output;

f) cyclerate;

g) duration of forward flow phase, expressed as a percentage of the cycle time;
h) forward flow volume;

i) mean and RMS flow rates;

j)  mean pressure difference;
k) pffective orifice area (provide formula used);

1) regurgitant volume, closing volume and leakage volume, expressed in millilitres and as d percentage
pf stroke volume; and the corresponding mean pressure difference across the closed valve;

m) mean arterial pressure over the whole cycle;

n) pppropriate qualitative photographic documentation and quantitative analyses of the ¢pening and
Closing characteristics for the heart valve substitute;

0) pppropriate documentation and quantitative analyses ofthe velocity and shear stress fields in the
mmediate vicinity;

p) Bppropriate qualitative and quantitative documentation for the haemolyticand thrombogenic potential.

N.4.5 Paravalvular leakage assessment

The methods described above for steady and{/or pulsatile back flow leakage can be used for ppravalvular
leakhge quantification. Testing of the valve deployed within the simulated conduit first yithout and
then with sealing around the valve periimeter may be used to characterize paravalvular leakage. Other
methods may be employed.
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