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ISO 5840-

Foreword

2:2015(E)

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
through ISO technical committees. Each member body interested in a subject for which

carried out
a technical

committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of

electrotechnical standardization.

The DIOCedurIc UuScd UOCUIT dI10 OSe Intended O U d
desdribed in the ISO/IEC Directives, Part 1. In particular the different approval criteria.ie

patent rights identified during the development of the document will'bein the Introdug
e ISO list of patent declarations received (see www.iso.org/patents);

Any
cons

trade name used in this document is information given for thé convenience of users a
titute an endorsement.

For
asse|
Barn

an explanation on the meaning of ISO specific terms*and expressions related to

iers to Trade (TBT) see the following URL: Forewond - Supplementary information

The
Cara

committee responsible for this document is ISO/TC 150, Implants for surgery, Subcomj
iovascular implants and extracorporeal systems.

This
ISO

first edition of ISO 5840-2, together>with ISO 5840-1 and ISO 5840-3, cancels a
840:2005, which has been technically revised.

ISO
valvi

b840 consists of the following parts, under the general title Cardiovascular implant
b prostheses:

— Part 1: General requirements
Part 2: Surgically implanted heart valve substitutes

Part 3: Heart valye’substitutes implanted by transcatheter techniques

fImenance are

bded for the
ce with the

e subject of
. Details of
tion and/or

nd does not

conformity

ssment, as well as information about ISO’s adherence to the WTO principles in the Technical

mittee SC 2,

hd replaces

— Cardiac
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Introduction

This part of ISO 5840 has been prepared for surgical heart valve substitutes with emphasis on
specifying types of in vitro testing, preclinical in vivo and clinical evaluations, reporting of all in vitro,
preclinical in vivo, and clinical evaluations and labelling and packaging of the device. This process is
intended to clarify the required procedures prior to market release and to enable prompt identification
and management of any subsequent issues.

This part of [SO 5840 is to be used in conjunction with ISO 5840-1.

vi © ISO 2015 - All rights reserved
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Cardiovascular implants — Cardiac valve prostheses —

Part 2:
Surgically implanted heart valve substitutes

1

This
gend

This
and
appf]

This
valvi
are

biolq
com

of the finished surgical heart valve substitute.

This
aded

For
Stan
desi

This
heat

This

2

The
indi{
refel

ISO

cope

part of ISO 5840 is applicable to heart valve substitutes intended for implantation(nh hu
rally requiring cardiopulmonary bypass and generally with direct visualizatien.

partof ISO 5840 is applicable to both newly developed and modified surgicalheart valve
Lo the accessories, packaging, and labelling required for their implantation and for dete
opriate size of the surgical heart valve substitute to be implanted.

e substitute through risk management. The selection of appropriate qualification tests a
lerived from the risk assessment. The tests may include-those to assess the physicg
gical, and mechanical properties of surgical heart valyve substitutes and of their m{
bonents. The tests may also include those for pre-clinical‘in vivo evaluation and clinica

part of ISO 5840 defines performance requirements for surgical heart valve substit
uate scientific and/or clinical evidence existsfor their justification.

hovel surgical heart valve substitutes, e.g-"sutureless, the requirements of both this Iy
dard and ISO 5840-3 might be relevantiand shall be considered as applicable to the sp¢
bn and shall be based on the resultsof the risk analysis.

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

part of ISO 5840 excludes homografts.

Normative references

following doCuments, in whole or in part, are normatively referenced in this docum
pensable~for its application. For dated references, only the edition cited applies. H
encessth€ latest edition of the referenced document (including any amendments) appli

5840-1:2015, Cardiovascular implants and extracorporeal systems — Cardiac valve pli
1L anax

Part

man hearts,

substitutes
rmining the

part of ISO 5840 outlines an approach for qualifying the design and manufacture of a sufrgical heart

nd methods
I, chemical,
iterials and
| evaluation

utes where

ternational
cific device

hl hearts or

ent and are
or undated
ES.

ostheses —

awaral o oo o
T.-OCTICTUur 1 CUIT CIitCTIesS

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

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

ISO 14630, Non-active surgical implants — General requirements

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

[SO 16061, Instrumentation for use in association with non-active surgical implants - General requirements
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ISO/IEC 17025:2005, General requirements for the competence of testing and calibration laboratories

[SO 22442 (all parts), Medical devices utilizing animal tissues and their derivatives

ASTM F2052, Standard Test Method for Measurement of Magnetically Induced Displacement Force on

Medical Dev

ices 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 On or Near
Passive Implants During Magnetic Resonance Imaging

ASTM F221
in the Magn

ASTM F250
Resonance H

3 Terms

For the pur

3, Standard Test Method for Measurement of Magnetically Induced Torque on Medical De
ptic Resonance Environment

3, Standard Practice for Marking Medical Devices and Other Items for Safety inthe Mag
'nvironment
and definitions

poses of this document, the following terms and definitions given in ISO 5840-1 anc

following apply.

3.1
cycle rate
number of d

3.2
internal orf
numerical

which bloo

Note 1 to enf]

3.3

omplete cycles per unit of time, usually expressed as&ycles per minute (cycles/min)

ifice diameter

vices

netic

the

ndication of the minimum diameter withih a surgical heart valve substitute through

] flows

ry: See Figure 1.

intra-annullar sewing ring

sewing ring
annulus

Note 1 to en

Note 2 to en

designed to secure the Surgical heart valve wholly or mostly within the patient’s ti

ry: See Figure 1.
ry: See also 3.25,3)10, and 3.12.

ssue
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77
1 2
/ -/
2 1
/ R A
3 3
- / — /
Intra-annular Supra-annular

Key
nternal orifice diameter
[issue annulus diameter

3 pxternal sewing ring diameter

Figure 1 — Designation of dimensions of surgical heart valve substitute sewing ring
configurations

34
major bleeding
any lepisode of major internal or external bleeding that causes death, hospitalization, or|permanent
injury (e.g. vision loss) or necessitatestransfusion

3.5
major paravalvular leak
pargvalvular leakage leading to death or re-intervention, or causing heart failure requiring additional
medjication, or causing‘moderate or severe regurgitation or prosthesis ‘rocking’ on investigation even
in the apparent absefice of symptoms, or causing hemolytic anemia

3.6
nonstructural valve dysfunction
abngqrmality~extrinsic to the heart valve substitute that results in stenosis, regurgitatiion, and/or
haerholyti¢c anemia

3.7
prosthetic valve endocarditis

any infection involving a valve in which an operation has been performed, based on reoperation,
autopsy or the Duke Criteria for Endocarditis

Note 1 to entry: See Reference [16].

3.8

structural valve deterioration

change in the function of a heart valve substitute resulting from an intrinsic abnormality that causes
stenosis or regurgitation

Note 1 to entry: This definition excludes infection or thrombosis of the heart valve substitute. It includes intrinsic

changes such as wear, fatigue failure, stress fracture, occluder escape, suture line disruption of components of
the prosthesis, calcification, cavitation erosion, leaflet tear, and stent creep.

© IS0 2015 - All rights reserved 3
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39

support structure

component

EXAMPLE

3.10

of a heart valve substitute that houses the occluder(s)

Stent, frame, housing.

supra-annular sewing ring
sewing ring designed to secure the valve wholly above the patient’s tissue annulus

Note 1 to entry: See Figure 1.

3.11

thromboer
any embolig
may be mar]

3.12

hbolism

ifested by a neurological event or a noncerebral embolic event

tissue annulus diameter

TAD
diameter in|

3.13

valve size
manufactuy
diameter (]
to be impla

Note 1 to ent
annulus and

3.14

nted (i.e. TAD = designated valve size)

the suture technique.

valve thro

bosis

millimetres of the smallest flow area within the patient’s valve annulus

event that occurs in the absence of infection after the immediate perioperative period and

er’s designation of a surgical heart valve substitute.which indicates the tissue anrulus
AD in millimetres) of the patient into whom the surgical heart valve substitute is intepded

ry: This takes into consideration the manufacturer’s‘ tecommended implant position relative tp the

any thrombus not caused by infection attachéd-to or near an operated valve that occluded part of the

blood flow path, interferes with valve function, or is sufficiently large to warrant treatment

Note 1 to enfry: See Reference [14].

4 Abbre
For the pur
EOA
CFD
FEA
IFU
OPC

viations
boses of this deetment, the following abbreviations apply.
Effective Otifice Area

Computational Fluid Dynamics

Fintite Element Analysis

Instructions For Use

Objective Performance Criteria

5 Fundamental requirements

The manufacturer shall determine, at all stages of the product life cycle, the acceptability of the product
for clinical use.

© ISO 2015 - All rights reserved
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6 Device description

6.1 Intended use

The manufacturer shall identify the physiological condition(s) to be treated, the intended patient

population, potential adverse events, and intended claims.
6.2 Design inputs

6.2.1 Operational specifications

The manufacturer shall define the operational specifications for the device, including the-

rinciples of

operfation, expected device lifetime, shelf life, shipping/storage limits, and the physiologieal environment
in which it is intended to function. The manufacturer shall carefully define all relevant ¢limensional
parameters that will be required to accurately select the size of device to be implanted. ISO 5840-1:2015,
Tablg 1 and Table 2 define the expected physiological parameters of the intended-adult patienf population

for surgical heart valve substitutes for both normal and pathological patient‘conditions.

NOT See the paediatric annex of ISO 5840-1:2015, Annex E.

6.2. Performance specifications

6.2.2.1 The manufacturer shall establish (i.e. define;>document, and implement) the clinical

perfprmance requirements of the device and the corresponding device performance speci
the intended use and device claims. The following list-0f’desired clinical and device-based p
charpcteristics describes a safe and effective surgical heart valve substitute.

NOTE For novel devices, portions of ISO 5840-3'can be applicable

ications for
erformance

6.2.2.2 Specifications shall be defined writh respect to atleast the following performance chajracteristics:

— hbility to allow forward flow with/acceptably small mean pressure difference;
— hbility to prevent retrogradeflow with acceptably small regurgitation;

— hbility to resist embolization;

— pbility to resist haembolysis;

— pbility to resistthrombus formation;

— piocompatible;

— fompatible with in vivo diagnostic techniques;

—  dehierable andimnlantable in the taraget nanulation:
’ =4 & P = ZePpopu v

— ability to ensure effective fixation within the target implant site;
— has an acceptable noise level;

— hasreproducible function;

— maintains structural and functional integrity during the expected lifetime of the device;

— maintains its functionality and sterility for a reasonable shelf life prior to implantation.

© ISO 2015 - All rights reserved
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6.2.3 Pac

kaging, labelling, and sterilization

The surgical heart valve substitute and accessories shall meet the requirements for packaging, labelling,
and sterilization contained within ISO 5840-1:2015, Annexes B, C, and D, respectively.

6.3 Design outputs

6.3.1 General

The manufacturer shall establlsh (i.e. defme document and implement) a complete spec1f1cat10n of the

surgical heprtvalve-substitute-system—which-includes—componen jons,
accessories packaglng, and labellmg

Annex E contains a listing of components and terms that may be used in describing various Valve types.
6.4 Design transfer (manufacturing qualification)

6.4.1 The| manufacturer shall generate a manufacturing flowchart identifying the manufactyring
process opé¢rations and inspection steps. The input of all components ands\important manufactyring
materials shall be indicated on the flowchart.

6.4.2 As part of the risk management process, the manufacturer shall establish the control meadures
and procesq conditions necessary to ensure that the device is safexand suitable for its intended use] The
risk manag¢ment file shall identify and justify the verification activities necessary to demonstrat¢ the
acceptabilitly of the process ranges chosen.

6.4.3 The| manufacturer shall establish the adequacy @f full-scale manufacturing by validation of the
manufacturjng process. The manufacturer shall document the results of the validation of all spgcial
processes and the validation of all process software.

NOTE S¢e ISO 13485.

6.5 Riskmanagement

The manufdcturer shall define and implement a risk management program in accordance with ISO 14971.
Annex A contains a list of potefqtial hazards specific to surgical heart valve substitutes that can serye as
the basis fol a risk analysis.

7 Design verification testing and analysis/design validation

7.1 Gendral requirements

The manufacturer shall perform verification testing in order to demonstrate that the device
specifications result in a surgical heart valve substitute system that meets the design specifications
(design output meets design input). The manufacturer shall establish those tests relating to hazards
identified from the risk analysis. The protocols shall identify the test purpose, set-up, equipment
(specifications, calibration, etc.), test conditions (with a justification of appropriateness to anticipated

in vivo operating conditions for the device), acceptance criteria, and sample quantities tested.
NOTE See ISO 16061.

For novel surgical heart valve substitutes (e.g. sutureless), the requirements of both this part of
ISO 5840 and ISO 5840-3 might be relevant and shall be considered, if applicable to the specific device
design and based on the results of the risk analysis.

© ISO 2015 - All rights reserved
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The manufacturer shall validate the design of the surgical heart valve substitute, its packaging/labelling,

and

7.2

accessories.

In vitro assessment

7.2.1 Test conditions, sample selection, and reporting requirements

7.2.1.1 Test conditions and sample selection

Test specimens shall represent, as closely as possible, the finished product to be supplied for clinical use,

incly

and

appy

The
part
shal
sele

For

ISO |

the
are i

Wh

thosg operational environments given in ISO 5840-1:2025, Table 1 and Table 2 for the adult
See [SO 5840-1:2015, Annex E for guidelines regarding suggested test conditions for the

pop

or a
temperatures) are appropriate to the test being performed. The test fluid used shall be justif

shal

Test
sect

7.2.

Each

a)
b)

‘)
d)

e)

)

g)

ding exposure to the maximum number of recommended sterilization cycles, procesj
aging effects in accordance with all manufacturing procedures and Instructions/for
opriate. Any deviations of the test specimens from the finished product shall bedjustifig

specimens selected for testing shall fully represent the total implant size rangé. Deper
icular test, testing might not necessarily have to be completed for each\discrete val
at least be completed for the smallest, intermediate, and largest sizes~A’rationale for
tion shall be provided.

hll tests, the number of samples shall be justified based on the"specific intent of t

b840-1:2015, Annex F). Sampling shall ensure adequate representation of the expected vj
anufacture of devices. Additional recommendations regarding sampling and sample ¢
cluded within each test method defined herein, as apprepriate.

re simulation of in vivo conditions is applicable to the-test method, consideration shall

lation. Where applicable, testing shall be performed using a test fluid of isotonic s3

be performed at the intended operating temperature as appropriate,

methods for design verificationw testing shall be appropriately validated. Refer td
ons of ISO/IEC 17025:2005.

|.2 Reporting requirements
test report shall ifelude the following, at a minimum:
rationale for the)test;
dentification and description of the sample(s) tested (e.g. batch number);
dentification and description of the reference valve(s);

htimber of specimens tested, and sample size rationale;

b chemicals,
Use, where
d.

ding on the
ve size, but
device size

he test (see
ariability in
onditioning

be given to
population.
b paediatric
line, blood,

blood-equivalent fluid whose physical properties (e.g. specific gravity, viscosity at operating

ied. Testing

applicable

detailed description of the test method including measurement accuracy and repeatability of

the test system;

verification that appropriate quality assurance standards have been met (e.g. good
practices);

test results and conclusions.

laboratory

Statistical procedures such as described in ISO 5840-1:2015, Annex F may be used to assist data analysis.

© ISO 2015 - All rights reserved
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7.2.2 Material property assessment

7.2.2.1 General

Properties of surgical heart valve substitute system shall be evaluated as applicable to the specific
design as determined by the risk assessment. The material requirements of ISO 14630 and ISO 16061
shall apply. Additional testing specific to certain materials shall be performed to determine the
appropriateness of the material for use in the design.

7.2.2.2 Biological safety

hall
- file
and
sion
d for
ition
ition
here
I be
sure

The bioconjpatibility of the materials and components used in surgical heart valve substitutés
be determined in accordance with ISO 10993-1. The test plan recorded in the risk managemen
shall compijise a biological safety evaluation program with a justification for the appropriateness
adequacy of the information obtained. The documentation shall include a rationale for thel.commis
of any biological safety tests carried out to supplement information obtained from othex'sources, an
the omissioph of any tests identified by ISO 10993-1 but not performed. During the hazard identifics
stage of a biplogical safety evaluation, sufficient information shall be obtained toallow the identific3
of toxicologlical hazards and the potential for effects on relevant hematologicalcharacteristics. Wi
an identifigd hazard has the potential for significant clinical effects, theitoxicological risk sha
characterizpd through evaluation of data on, for example, mode of action, dose-response, expo
level, bioch¢mical interactions, and toxicokinetics.

For surgical heart valve substitutes using animal tissue or their:derivatives, the risk associated with

the use of these materials shall be evaluated in accordance with<dhle ISO 22442- series.

7.2.2.3 Material and mechanical property testing

Material pr
evaluated a
data from §
surgical heg

Mechanical

Environmj;cal conditions that might-affect device or component performance or durability shall be

evaluated
potentially
ISO 5840-1:

pperties of all constituent materials comprising the surgical heart valve substitute sha
5 applicable to the specific design. Scientific literature citations or previous characterizg
imilar devices can be referenced; however, the applicability of the literature data tg
irt valve substitute shall be justified:

properties shall be characterized at various stages of manufacture, as applic

d included in testing protocols (e.g. shelf life testing). ISO 5840-1:2015, Annex G proy
relevant physical, mechanical, and chemical properties by material class and compon
2015, Annex H provides a list of standards that might be applicable to the testing of mate

and components. ISO 5840-1:2015, Annex | provides guidance on mechanical property characterizs

of raw and ¢

onditioned materials. ISO 5840-1:2015, Annex ] provides guidance on corrosion assessn|

7.2.3 Hydrodynamic performance assessment

Hydrodyna

ie‘testing shall be performed to provide information on the fluid mechanical perform

11 be
ition
the

nble.

ides
bents.
rials
ition
nent.

ance

of the surgicalheart valve substitute and provide indicators of valve performance in terms of lodd to

the heart and potential for blood stasis and damage.

A guideline for the performing and reporting of hydrodynamic tests is given in Annex F.

Tests shall be carried out on at least three surgical heart valve substitutes of each size and on at least
one reference valve of each of the smallest, medium, and largest sizes. A larger sample size may be
required to ensure adequate representation of the expected variability in the manufacture of devices.

The in vitro test results shall meet or exceed the minimum performance requirements provided
in Table 2, which are given as a function of valve size. The minimum performance requirements
correspond to the following pulsatile-flow conditions: beat rate = 70 cycles/min, simulated cardiac
output = 5,0 I/min, and systolic duration = 35 %, at normotensive conditions. The minimum
performance requirements are based on values in the published scientific literature. The values in
Table 1 and Table 2 of this part of ISO 5840 are applicable to new or modified heart valve substitutes

8 © IS0 2015 - All rights reserved
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which have not been clinically proven or evaluated under the previous version of ISO 5840:2005. The
haemodynamic waveforms produced by the pulse duplicator shall reasonably simulate physiological
conditions as shown in ISO 5840-1:2015, Figure 3.

Table 1 — Minimum device performance requirements, Aortic

Valve size (mm)

Parameter
17 19 21 23 25 27 29 31
EOA (cm2) greater than or equal to 0,70 0,85 1,05 1,25 1,45 1,70 1,95 2,25
Total Regurgitant Fraction (% of forward
o © N T0 10 T0 10 T5 15 20 20
low volume) less than or equal to
Table 2 — Minimum device performance requirements, Mitral
Valve size (mm)
Parameter
23 25 27 29 31 33
HOA (cm2) greater than or equal to 1,05 1,25 1,45 1,65 1,90 2,15
Tdtal Regurgitant Fraction (% of for- 15 15 15 20 20 20
waitd flow volume) less than or equal to
The[total regurgitant fraction shall include closing volumme; transvalvular leakage vplume, and
pargvalvular leakage volume.
oA = VRS
A
51,6% | P
Jo;
whefe
EOA  is the Effective Orifice Area (cm?);
is the root mean square forward flow (ml/s) during the positive differential pregsure
RMS od-
period;
\p is the mean pressure difference (measured during the positive differential presqure
period) (mmHg);
D is the density of the test fluid (g/cm3).
NOTE1 This ‘equation is derived from a simplified version of the Bernoulli Equation and [as such has

limitptions. The constant (51,6) is not dimensionless; thus this equation is only valid with the units

NOTE 2

Defining the time interval for flow and pressure measurement as the positive differen
perigdof the forward flow interval for EOA computation provides repeatable and consistent

thown.

tial pressure
results for

comparTsor to tire Tabte-tamd-Tabte 2 Teference vatues- Ttis Tecognized that thisapproacir may ot

EOA computation approaches employed clinically. See ISO 5840-1:2015, Figure 2.

NOTE 3

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

NOTE 4

© ISO 2015 - All rights reserved
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7.2.4 Structural performance assessment

7.2.4.1 General

An assessment of the ability of the surgical heart valve substitute 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.

7.2.4.2 Device durability assessment

An assess
assess cont
includes an
demonstrat
for 400 mil
million cycl
as a valve |

scientifical
statement %out anticipated in vivo device lifetime, testing shall be performedto’support the labe

claim. Testi
the surgica
factors sucl
shall be tes

Tests shall
specified in|

suggested fest conditions for the paediatric population. Each test valve shall experience the de
pressure across the closed valve for at least-5'% of each cycle during at least 95 % of the
If surgical heart valve substitutes identicalin design are intended for implant in multiple

differential
test cycles.
valve posit
valve positi

Cycle rates
of rate-dep¢

Test valves

during testing (see ISO 5840-1:2015;Table 1 and Table 2). Valves undergoing cycling in durability tej

shall be obs
at least eve
description
prior to test

The durabi
observed d
An appropr

inued function over a reasonable lifetime. Unless the labelling for a particular<dg
explicit statement about anticipated in vivo device lifetime, testing shall be performs
e reasonable assurance that rigid surgical heart valve substitutes will remain functi
ion cycles and that flexible surgical heart valve substitutes will remain functienal for
es. For flexible surgical heart valve substitute materials without established-elinical his
paflet material, testing durations greater than 200 million cycles shall he considered

justified, if not performed. If the labelling for a particular device includes an ex]

g shall be performed on at least three each of the largest, medium, and smallest siz
heart valve. The risk assessment may identify the need for a'larger sample size base
i as novel/new materials or non-traditional designs. One~equivalent size reference ¥
ed under identical conditions for each valve size tested.

be performed at a defined differential pressure consistent with normotensive condit

blicit
lling
ps of
d on
alve

ions

ISO 5840-1:2015, Table 1 or Table 2. See ISO 58404122015, Annex E for guidelines regar

ons, testing shall include the differential pressure conditions defined for the worst
on.

ised for accelerated testing shall be justified. Consideration shall be given to the behay
bndent materials when selecting and justifying appropriate cycle rates.

shall experience the fullarange of occluder motion associated with normotensive condif

erved at regular andfrequent intervals (e.g. daily or weekly). Valves shall also be evalu
ry 50 million cyeles for flexible valves and 100 million cycles for rigid valves. A det
of the appeardnge of the heart valve and hydrodynamic performance shall be docume
ing, througheut the test at the established inspection intervals, and at the completion of]

hmage-and the extent of damage and by imposing pass/fail criteria for identified danj
ate reference valve shall be used to further assess the durability test conditions being

to evaluate

ity assessment shall be performed by characterization of the test valve in terms of

ding

iEned

case

iour

ions
ters
ated
hiled
nted
test.

the
Jage.
1sed

e

/fail

criteria for the test shall be determined by the risk assessment.

Potential modes of failure associated with structural valve deterioration shall be identified. Additional
guidelines for durability testing, including dynamic failure mode evaluation, are given in Annex G.

7.2.4.3 Component fatigue assessment

An assessment of the fatigue performance of the surgical heart valve substitute structural components
shall be conducted. 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
the support structure will remain functional for a minimum of 400 million cycles. If the labelling for a
particular device includes an explicit statement about anticipated in vivo device lifetime, testing shall
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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.

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 ISO 5840-1:2015, Table 1 and Table 2
and other relevant in vivo loading conditions. See ISO 5840-1:2015, Annex E 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 spec1mens shall represent as closely as p0551b1e the flmshed product as supplled for clinical use,
i [ T i % chemicals,

ns.

Devices shall be tested at the intended operating temperatures and environmental conditio

Av
cond
whe
asso
load
stre

ated in vivo
pr example,
hction loads
hlate in vivo
used in the
models.

lidated stress/strain analysis of the structural components of the implant undér simu
itions shall be performed. Loading from all valve components shall be_dpnsidered. F
Fe analysis is only required for the support structure, it might be necessary’to include re
ciated with dynamic effects of leaflet/occluder closure in the analysis in order to simj
Ing realistically. An appropriate validated constitutive model for each material shall be
bs/strain analysis, including time-dependent, temperature-depefident, and/or nonlineat]

imulated in
hted failure
| associated
ex I.

Fatigue characterization and lifetime assessment of the struetural components under s
vivo [conditions shall be performed in order to evaluate risks associated with fatigue-rel
modees. The manufacturer shall determine and justify the fatigue assessment approach ang
charfacterization technique adopted. Suggested guidelinesare provided in Annex G and Ann

7.2.4.4 Component corrosion assessment

An g

valvi
to v
Thet
ISO

The
mec

7.2.4

An 3
valvi
by 4
tern
char
of dg

ssessment of the corrosion resistance of-all constituent materials comprising the su
e substitute shall be conducted. It is well-established that metal corrosion potential can
hriations in manufacturing processés (e.g. heat treatment, chemical etching, electr
efore, the corrosion resistancé “shall be characterized using the finished
b840-1:2015, Annex ] provides guidance on corrosion resistance characterization.

manufacturer shall provide\rationale for the selected test methods and justify that a
hanisms and conditions(have been considered through testing or theoretical assessmer]

.5 Cavitation (rigid valves)

e closure shall be considered for rigid valves. Assessment of cavitation damage shall bg

in vitro study (i.e. durability testing). The in vitro cavitation assessment shall be pe
acterization of the smallest and largest valve sizes in terms of any observed damage an
niage compared to the appropriate reference valves.

rgical heart
be sensitive
bpolishing).
component.

[l corrosion
ts.

ssessment of)the potential for cavitation as indicated by the formation of vapor bubbles during

performed

detailed, examination of study valves used in the preclinical in vivo study and simulated long

rformed by
d the extent

7.2.5 Device MRI safety

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

7.2.6 Additional implant design evaluation requirements

For novel surgical heart valve substitutes that require delivery systems for implantation, refer to
applicable portions of ISO 5840-3. The manufacturer shall define all applicable requirements based on
the results of the risk assessment for the specific device design.

© ISO 2015 - All rights reserved
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7.2.7 Design specific testing

In order to assess failure modes identified by the risk assessment that may not be related to durability
or component fatigue, design specific testing may be necessary. In some cases, design specific testing
may have direct implications for the overall structural lifetime of a component or valve, and additional
tests may be required.

Examples of such design specific tests are provided in Annex H.

7.2.8 Simulated use

The ability
within the

conditions.
consider an
temperatur

7.2.9 Hul

Simulated u
IEC 62366.]
canuseits
measuremse
whether or
identified p
throughout

7.3 Prec

7.3.1 Ovg¢rall requirements

A preclinic
valve subst
manageme
durations

For minor
manufactuy

The preclin
a)

b) assess
accessd

reflect

t

0 permit safe, consistent, and accurate implantation of the surgical heart valve subst
ntended implant position shall be evaluated using a model that simulates the intended
['his assessment will include all elements of the surgical heart valve substitute. Themodel

b effects, etc. Justification for critical parameters of the simulated use model shall'be prov

man factors/usability assessment

se shall be conducted as part of the required usability assessment'{or“usability testing”
[he main objective of the usability assessment is to validate thatintended users of the dg
hfely and effectively to implant the device in the patient. Usdbility assessment perform
nts shall be based on use error analysis results. The assessment shall primarily focu
not the design attributes of the device used to conduct the implant appropriately mit

the design cycle.

inical in vivo evaluation

hl in vivo test programme shall\be conducted in order to address the surgical H
itute safety and performance. The preclinical programme design shall be based on

address the key issues identified in the risk management assessment.

Hesign modifications™to clinically well-documented surgical heart valve substitutes
er shall justify omission of animal experimental evaluation.

cal in vivo evaluation shall:
the hemodymnamic performance of the surgical heart valve substitute as assessed in vitn

the ssurgical handling characteristics of the test surgical heart valve substitute an
ries(if any);

tute
use
shall

htomical variation in intended patient population with respect to intended implant position,

ded.

per
vice
ance
S on
gate

ptential use errors that can occur. It is recommended.that usability assessment is conducted

eart
risk

t assessment. This programme may involve the use of different species and implant

the

0;

] its

c)

assess the biological reaction to the surgical heart valve substitute. Consideration should be given

but not limited to the following items, as relevant to the specific surgical heart valve substitute
under evaluation:

1) healing characteristics (pannus formation, tissue overgrowth);
2) hemolysis;

3) thrombus formation;

4) embolization of material from the heart valve substitute;

5) biological response (e.g. inflammation, rejection, etc.);

6) calcification (flexible valves);

12
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d)

f)

g)

h)
)

7.3.2

ISO 5840-

7) acoustic characteristics (rigid valves), if the manufacturer is making specific acous
8) structural and/or non-structural dysfunction;
9) cavitation (rigid valves);

mimic, as closely as possible, the condition of the finished product as intended for
including exposure to the maximum number of recommended sterilization cycles;

2:2015(E)

tic claims;

clinical use,

evaluate the test surgical heart valve substitute in all positions for which it is intended (aortic,

mitral, etc.);

Lhe test surgical heart valve substitute;

imic, as closely as possible, the implantation technique for the placement of both the
reference surgical heart valve substitutes (e.g. suture technique and orientation);

be performed by appropriately experienced and knowledgeable test laljefdtories;

hddress animal welfare in accordance with the principles given in {SO10993-2.

Methods

7.3.2.1 General requirements

Guid
addy
poss
reco
as w
adve
intel

The
spead

ess the relevant issues are given in Annex C. The intent of these studies is to mimic g
ible the clinical use and haemodynamic perfermance of the surgical heart valve sub
onized that complications arising after valy&€implantation can be attributed to the impl
ell as the environment into which it is implanted or the interaction between the two
rse clinical events arising during or“after valve implantation shall be carefully ary
preted in order to identify the cause of the adverse event to the extent possible.

investigator should seek to control as many variables as possible within each stud
ies, gender, and age). The test surgical heart valve substitutes shall be assessed in

ance on the conduct of in vivo preclinical evaluation and a series of tests which can

subject comparably sized reference surgical heart valve substitutes to identical test c¢nditions as

test and the

be used to
s closely as
stitute. It is
anted valve
Therefore,
alysed and

y arm (e.g.
h long term

setting in anatomical positiofis)for which it is intended to be used clinically. Animals sufffering from

peri
infol

The
be jy

tot
stud|

pperative complications.(é.g. endocarditis) may be excluded from the group of study 4
mation about them.shall be reported.

number of animals used for implantation of test and control surgical heart valve subs
stified fully for.each test based on the risk analysis.

parafeter(s) under investigation. The observation period shall be appropriately justi
protocol, but shall be no less than 90 days.

For:ﬁng terni studies, the duration of the observation period of the animals must be specifie
e

nimals, but

fitutes shall

d according
fied in each

A mdtrosTopIiT, Tadiograpiiic, and histotogical poStIMoTtenT exanmination siratt-be perform
on device integrity and device-related pathology. The data shall include information from all animals
that have been entered into the study.

The assessment shall provide at least the following:

a)

b)

d, focusing

any detectable pathological consequences involving the surgical heart valve substitute and/or
the major organs, including but not limited to: post-implantation changes in shape or structural
components, thrombo-embolic phenomena, pannus formation, and inflammatory responses;

any macro- or microscopic or radiographic detectable structural alterations in the surgical heart
valve substitute (e.g. damage, support structure fracture, material degeneration, changes in shape

or dimensions);

© ISO 2015 - All rights reserved
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g)

serial blood analyses performed pre-operatively, at appropriately justified intervals during the
observation period, and at termination to assess haemolysis, abnormalities in hematology and

clinical

chemistry parameters;

implantation characteristics, including but not limited to ease of use, handling characteristics, and

sizing t

echnique;

haemodynamic performance over a range of cardiac indices (e.g. 2,5 to 6 L/min/m2);

adverse clinical events, (e.g. myocardial infarction, significant cardiac arrhythmias, infection);

any other system or procedure related complication or events

7.3.3 Testreport

The testla
generated
All data genlerated from the preclinical in vivo evaluation must be incorporated into a ecomprehensive
report. The

ratory shall produce the test report, which shall include a summary assessment of the
ring the course of the investigation. The test report shall include the completestudy prot

report should include the results generated by tests described in Annex €.

The test repgort shall include the following:

a)

b)

f)

g)

h)

identifi

cation of each valve used (product description, serial numbeér, and other appropriate ¥

identification);

detaile

1 description of the animal model used and the rationale and justification for its use.

pre-prdcedural assessment of each animal shall include documentation of health status as wg

gender,

weight, and age of the animal;

description of the operative procedure, including>implant technique, test surgical heart ¥

substit

descrip
clinical

Ite orientation, valve position, and operative complications;

observations, medication(s), and.interventions used to treat adverse clinical ev

Descrifje anticoagulation or antiplatelet drug and regimen used as well as therapeutic

monito
any sig

names
person
and an

interpr
and ar
substit

Fing methods;
nificant deviations fromrthe protocol or amendments to the protocol and their significa

of the investigatorstand their institutions along with information about the implar
hel and the labpratory’s experience with surgical heart valve substitute implantd
mal care;

btation of.data, including a comparison of the results between test and reference anif
ecommendation relative to the clinical safety and performance of the surgical heart ¥
1ite ufider investigation;

data
pcol.
test

alve

The
1l as

alve

tion of the pre-procedural and postiprocedural clinical course of each animal includling,

bnts.
evel

nce;
ting

tion

nals,
alve

the studly’pathologist’s report that includes gross and radiographic examination and histopatha

finding

s for each explanted surgical heart valve substitute;

logy

detailed full necropsy reports for each animal enrolled in the study. Reports should include an
assessment of the entire body along with, and findings (e.g. thromboembolism) likely caused by the
surgical heart valve substitute.

Further details of the test report depend on the defined test protocol.

Guidance on the composition of the test report is given in Annex C.
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7.4 Clinical investigation

7.4.1 General

For new surgical heart valve designs, a prospective clinical investigation shall be carried out in
accordance with this International Standard. For modification of an existing previously approved valve,
a clinical investigation shall be considered, based on the risk analysis that evaluates the modification.
Clinical investigations should be conducted for design changes that affect the safety and/or
performance of the device (e.g. change in blood contacting materials, design changes that alter the flow
characteristics or haemodynamlcs and changes that affect the mechanlcal loadmg on the valve). These

Datq are obtained on the safety and performance of a surgical heart valve substitute urlder normal
conditions of use in humans; the side effects and related risks of surgical ‘heart valveg substitute
implantation are documented. The clinical investigation shall include pre-opérative, peri-oprative, and
follow-up data from a specified number of patients, each with a follow-up appropriate for the device
and [its intended use. The clinical data shall provide substantial evidenee of acceptable performance

The study protocols should specify primary and secondary end points as well as specific study-related
advdrse events. The adverse event definitions of the outcomemeasures should be consistent with those
employed in previous studies of heart valves, when appropriate. The study protocol shall influde a data
analysis plan and success criteria.

The manufacturer is responsible for ensuring collection of appropriate information. The degign shall be
condistent with the aims of the protocol. For a given study, data collection forms should be the same for
eacH institution and investigator. The protocol.shall ensure consistency between the study objectives

Studies should employ measures to minimize bias. The use of an independent clinical events gdjudication
committee to classify events against-pre-established criteria, and core laboratories are regommended

To ensure patient safety, adverse events shall be adjudicated and reviewed on a regular bakis. For pre-
market clinical studies, both safety data monitoring and adverse event adjudication shall b¢ conducted
by ah independent committee(s) of qualified experts. Safety monitoring guidelines shall be gstablished.

Study designs myay vary depending on the purposes of the assessment (pre or post-market]. Suggested
methods of formal statistical evaluation of the clinical data are described in Annex |.

7.4.3 ~ Distribution of subjects and investigators

Clinical investigations shall be designed to include enough subjects, clinicians, and institutions to be
reasonably representative of the intended user and patient populations to provide generalizable results
applicable to the wider population in which the device is intended to be marketed. If the device is
intended to be marketed in different patient populations and/or different geographical locations, which
are not represented by the clinical investigation, additional clinical investigations shall be considered.
The protocol shall specify and justify the planned number of institutions (including geographic
distribution), the maximum number of subjects planned, and the maximum/minimum number of
investigators planned per institution.

7.4.4 Sample size

The sample size should be sufficient to enable assessment of the clinical performance of the surgical
heart valve substitutes as well as to quantify the associated risk. A minimum of 150 patients in each
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valve position is required. When appropriate to the study aims, standard statistical methods sh
be used to calculate the minimum sample size with prior specification of the Type 1 error rate
statistical power, and effect sizes to be detected (see AnnexJ).

7.4.5 Entry criteria

The inclusion and exclusion criteria for patient selection shall be clearly established. Differe

ould

, the

nces

between the target population (i.e. those for whom the device is intended) and the accessible population
(i.e. those who will enter the study) shall be specified. The study should only include patients who are

willing and able to participate in the follow-up requirements.

7.4.6 Duration of the study

The protoc¢l shall specify the duration of the study. The clinical investigation shall continue unti
minimum nfumber of recipients of each valve type have been followed for a minimum of,1-year. T
must be at Jeast 400 patient-years of follow-up of each valve type (e.g. aortic or mitral). All impl
shall be andlysed, including those patients not surviving through the first year, and-including cer

with enrolment below the intended minimum.

The protoc
the minimy
assessment

7.4.7 Clinical data requirements

74.71 G

Clinical dat
by ISO 141
institutions

Where app
consistent {
reporting ny

The investi
the return
Whenever
histopathol

The followi

74.72 B

a) demogt

1 shall specify the duration of the study, including the appropriate-follow-up intervals
m overall patient-years in consideration of Annex J. The duration will depend on the
the intended application and, if relevant, the type of deviceiodification.

pneral

a, including adverse events, shall be recorded for all patients in the study as requ
b5. Critical aspects of the clinical study-protocol shall be identical for all participd
e.g. patient inclusion, patient exclusionj-and data collection requirements.

ropriate, the identified adverse event definitions used in the clinical protocol sha
ind aligned with the most applieable published guidelines, for example, the guideline
ortality and morbidity afterteardiac valve interventions (see Reference [14]).

pational protocol shall iniclude an explant pathology protocol with detailed instruction

| the
here
ants
1tres

and
risk

ired
iting

I be
s for

s for

bf the explanted valves to the manufacturer or an independent laboratory for assessment.

easible, the explanted device shall be subjected to appropriate functional, imaging,
bgical investigations.

hg data shall\be collected or a justification for not doing so shall be provided.

hselinedata

aphics (e.g. age, gender, race/ethnicity);

and

b)

baseline information (e.g. weight, height, blood pressure);

c)

d)

16

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

diagnosis (e.g. valvular lesion and aetiology including degree of calcification) and cardiovascular
comorbidities (e.g. congestive heart failure, cardiomyopathy, peripheral vascular disease,
aneurysm, coronary artery disease, cardiac arrhythmia, previous myocardial infarction, and
previous history of thromboembolism);

functional status (e.g. New York Heart Association functional class). Quality of life measures and/or
exercise tolerance tests should also be considered;

© ISO 2015 - All rights reserved


https://standardsiso.com/api/?name=7eacb05c0a0f9a31e92cfea7a4500559

ISO 5840-2:2015(E)

f) clinical risk score and its components [e.g. Society of Thoracic Surgeons (STS) risk score or
EuroSCORE IIJ;

g) previous cardiovascular interventions [e.g. coronary artery bypass, coronary artery angioplasty,
percutaneous valvuloplasty (position), operative valvuloplasty (position), annuloplasty (position),
previous heart valve substitute replacement, peripheral vascular operations];

h) echocardiographic information and other relevant imaging data to provide cardiac hemodynamic,
morphological, geometric, and functional information;

i) most recent blood studies sufficient to capture patient risk factors, according to the standard

sHeepractees

7.4.7.3 Operative data

a) pny relevantintra-operative findings that modify the original diagnosis;

b) hny concomitant interventions or procedures;

c) Hate of operation;

d) purgical heart valve substitute type, model, valve size (as labelled), and serial number;
e) [issue annulus diameter (TAD) of patient and how it was determined;

f) purgical approach (e.g. sternotomy, mini-sternotomy, theracotomy, and mini-thoracotomy);

g) Hetails of procedure (e.g. cardiopulmonary bypass’time, aortic cross clamp time, type[myocardial
preservation) and type of anesthesia;

h) puture technique, if applicable;

i) retention of all or part (specify) of native aortic/mitral valve structures (e.g. preservption of the
mitral sub-valvular apparatus);

j) Implant position (e.g. aortic or mitral), surgical heart valve substitute positioning in| relation to
fissue annulus (e.g. supra-annular, intra-annular), and device (disc/leaflet) orientation;

k) fype of visualization (i.€. direct or indirect);
1) |mplant malfunction-fdilure, if applicable;

m) ppecified planfiéd or unplanned treatment/interventions (e.g. cardioversion, renal support, blood
fransfusion);

n) pchocardiegraphy and/or relevant imaging and hemodynamic modalities intraoperatiyely or prior
Lo discharge as appropriate (refer to ISO 5840-1:2015, Annex K).

7.4. 74— Early post-operative amd follfow-up data

Early post-operative and follow-up data shall be collected within 30 days, at least one specific timepoint >3
and <6 months after implantation of the surgical heart valve substitute, at one year and annually
thereafter, until the investigation is completed. The following evaluations should be performed for all
patients at all follow-up assessments unless an adequate risk analysis justifies a less frequent interval.
Depending on the trial design, additional data collection or follow-up timepoints might be appropriate.

The following data shall be collected or a justification for not doing so shall be provided:
a) date and method of follow-up (e.g. office, clinic, or hospital);

b) functional status (e.g. New York Heart Association functional class). Quality of life and/or exercise
tolerance tests should also be considered;
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c) evaluation by echocardiography and/or relevant imaging and hemodynamic modalities
intraoperatively or prior to discharge as appropriate;
NOTE If valve dysfunction is suspected, transesophageal echocardiography (TEE) is recommended.

d) appropriate blood studies including tests for hemolysis;

e) status of anticoagulant and/or antiplatelet therapy;

f) adverse events in accordance with Reference [14];

g) cardiacrate, conduction status, and rhythm (12 lead EKG);

h) re-operjation reports, if applicable;

i) specifigd planned or unplanned treatment/interventions (e.g. in-hospital readmispion,
cardioversion, renal support, blood transfusion);

j) explanfanalysis when available, wherever feasible, the explanted test surgical heabt valve substjtute
shall bg subjected to appropriate functional, radiography, and histopathologicalinvestigations;

k) date anid cause of death, if applicable;

1) autopsy report, if autopsy is performed.

NOTE henever feasible, autopsy is recommended to capture device<related deaths and to ensure pioper

classification of adverse events.
7.4.8 Clinical investigation report

7.4.8.1 Ggneral

The clinicallinvestigation report shall comply with'¥SO 14155. The report shall include the names ?[Ethe
investigatofs and institutions, the data collected’in 7.4.7.1 and an analysis of the following, at a mini

a)
b)

c)

d)
€)
f)
g)
h)

um:
demogtaphics (e.g. age, gender, race/ethiiicity);

patient] co-morbidities (e.g. pfejoperative diagnosis of valvular and co-existing dis¢ase,
operative diagnoses);

implant procedures and ‘“echniques, implant position, type, model, valve size, tissue annulus
diameter of patient, sufgical heart valve substitute positioning in relation to the tissue annplus,
disc/leaflet orientation;

pre-prdcedure vensus post-procedure New York Heart Association functional class;

method and ¢ompleteness of follow-up;

pre-pr cedural versus pncf-prnr‘nr‘nrn] hnnmnr‘]ynnmir‘ and blood chldy rncn]fc;

adverse events as specified in the study protocol;

summary of deaths and/or explants.

7.4.8.2 Analysis and reporting

The method of reporting shall conform to Reference [14].

The clinical investigation report should include the following:

a)

18

early adverse events shall be expressed as a percent of patients experiencing the event and shall
be calculated for events occurring in the first 30 days. The numerator and denominator for each
percentage shall be provided;
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b)

d)

7.4.

Ina
the

b)

ISO 5840-

2:2015(E)

linearized rates shall be used for late adverse events, with other statistical models as appropriate.
Late events are those occurring on or after the 31st day post implant;

analyses of survival rates and freedom from adverse events using an actuarial (e.g. Kaplan-Meier),
or a cumulative incidence method, or both;

NOTE

For event rates at specific times, standard errors should be reported using

Greenwood'’s

algorithm or another statistically valid method. The standard error for hazard ratios should be calculated
using standard statistical methods.

specific analyses shall include the following:

D
2)
)

1)
2)
)

)

overall survival;

occurrence of adverse events;

freedom from specific complications, including but not limited to valve thrémbosis

anticoagulant-related hemorrhage, prosthetic valve endocarditis,.structural d
of the surgical heart valve substitute, non-structural dysfunction{ef‘the surgical
substitute, paravalvular leak, hemolysis, and re-operation;

kpecific complications and deaths shall be stratified as follows:

all complications shall be stratified by valve position and(size (TAD);

thromboembolism shall be stratified by anticoagulation therapy and cardiac rhyth

non-structural dysfunction and structural valve deterioration shall be stratifielji

of dysfunction (e.g. thromboembolism, ;thrombosis,
prosthetic valve endocarditis, structural
paravalvular leak, hemolysis);

anticoagulant-related
deterioration,

structural valve deterioration shall'be stratified by valve size.

.3 Post-market clinical follow:up

dition to the one-year follow:up, a long-term follow-up evaluation shall be conducted 3
llowing principles:

duration{of'the long-term study will depend on the risk assessment for the specific d¢g
hnd/or'device modification.

In adltlon to the follow- up of the original cohort of patlents post—market hypothe51s -dri

non-structural d

, embolism,
bterioration
heart valve

m;

by nature
emorrhage,
ysfunction,

ccording to

deally, the long-term ‘cohort should include all patients in the pre-marketing studies. However,
f this is not possible, the long-term cohort may include a clearly defined subset of
patients, or additional patients who did not participate in the pre-marketing study. The
Lhe specific patients shall be justified so as to minimize selection bias;

the original
selection of

vice design

ven clinical
rom a larger

populatlon Ob]ectlves for post—market clinical follow-up studles mclude a) to provide longer term
safety and performance data to identify possible residual risks, and to determine if the data remain
consistent with the OPCs, and b) to assess whether the results of the pre-market clinical investigation
can be generalized to the post-market population of users and patients.
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Annex A
(informative)

Heart valve substitute hazards, associated failure modes, and
evaluation methods

A.1 Hazards, failure modes, and evaluation methods

A.1.1 General
Typical hazards, examples of their associated failure modes, and possible evaluationmethods are given
in Table A.1] This list is not intended to be all-inclusive but representative of hazards'and failure mpdes
that are applicable to surgical heart valve substitutes. For some novel designs, also refer to ISO 5840-3
for applicable failure modes and possible evaluation methods.
Table A.1 + Examples of Surgical heart valve substitute hazards, associated failure modes, pnd
evaluation methods
Possible failure mode(s)
Hazafds Rigid valve Flexible valve Possible evaluation methpds
Stenosis Occluder binding, pannus |Pannus overgrowth, Steady/pulsatile-flow presspire
overgrowth leaflet mineralization, difference, stent creep testing,
excessive stent wear/durability testing, fatigue
deformation, stent testing/analysis, pre-clinicdl
fnacture animal evaluation with ech
characterization
Regurgitati¢n Occluder binding, occluder |Leaflet tear, abrasion, Steady/pulsatile-flow leakage,
escape, chipped occluder, |delamination, or valve prolapse testing, matgrial
chipped orifice, gut-of- shrinkage, leaflet characterization, durability
tolerance condition, prolapse, excessive stent |testing, fatigue testing/
anchoring frame deformation, stent analysis, stent creep testing,
deformation; fracture, suture device distribution testing,
paravalyular leakage breakage/pull out, pre-clinical animal evaluatipn
suture hole elongation, with echo characterization,|in
out-of-tolerance vitro flow visualization
condition, anchoring
frame deformation,
paravalvular leakage
Device Embelization |Occluder fracture, orifice |Leaflet tear, leaflet Material characterization,
fractureroechdereseape—TmiteralzationSewing darabiity-testingfatigaetest-
sewing cuff separation, cuff separation, size ing/analysis, leaflet blowout/
size mis-match mis-match prolapse testing, leaflet escape
testing, cavitation testing,
device distribution testing,
migration resistance
evaluations
Haemolysis Cavitation, elevated tur- |Elevated turbulence in vitro flow visualization,
bulence pre-clinical animal evaluation,
clinical evaluation
NOTE This table is given as an example and is not all-inclusive.
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Possible failure mode(s)

Hazards

Rigid valve

Flexible valve

Possible evaluation methods

Thrombosis, throm- |Flow stasis, blood
boembolism material interaction
failure, improper
anticoagulation regimen

Flow stasis, blood
material interaction
failure

Material characterization, in
vitro flow visualization, blood
material interaction
characterization, pre-clinical
animal evaluation, clinical
evaluation

BIO' llLUlllpﬂtib;}ity LULCI} Ul Dybtclllib tUAlth)’,
inappropriate tissue
response or effect on
coagulation, material
degradation, leaching of
component compounds

LULQ} Ul D_y DtCllliL tUAlthy,
inappropriate tissue
response or effect on
coagulation, material
degradation, leaching of
component compounds

B;Uuuulyatibihty S& ety
evaluation, material
characterization, bl¢pod
material interaction
characterization, bipstability
testing,.corrosion tgsting,
characterization of
stetilization residudls, pre-
clinical animal evalyation,
clinical evaluation

Pargvalvular leak Sewing cuff non-com-
pliant, sewing cuff tear,
sewing cuff separation,
suture breakage/pull out,
support structure fatigue
fracture, inadequate
sealing skirt, valve
improperly sized (i.e. too
small for implant site),
valve malposition

Sewing cuff non-
compliant, sewing'euff
tear, sewing cuff
separation, suttire
breakage/pull out,
supportstructure
fatiguéfracture,
inadequate sealing skirt,
valve improperly sized
(i.e. too small for
implant site), valve
malposition

Needle penetration/fsuture
drag characterizatign, sewing
ring integrity testing,
durability testing, wet
laboratories, pre-clihical
animal evaluation, ih vitro
models, ex vivo stud|es (e.g.
cadaver hearts),
hydrodynamic
characterization

in vipo diagnostic
incompatibility

Device migration, device
heating, image distortion,
poor device Yistialization

Device migration, device
heating, image distortion,
poor device visualization

Material characterization,
MRI compatibility té¢sting,
radiographic evaluation

Endg¢carditis

Non-sterile device,
non-sterile accessories

Non-sterile device,
non-sterile accessories

Validation of sterilitly
processes for devicd and
accessories to a sterfility
assurance level of 10-6, device
package integrity testing

InaHility to complete” | Failure of valve to rotate,
implant procedure; improper sizing, valve
incrpased gperative |damaged during handling,
timg device not compatible
with accessories

Failure of valve to rotate,
improper sizing, valve
damaged during handling,
device not compatible
with accessories

Design validation wjth device,
packaging, accessorfes, and
instructions for usejin-
process inspections| pre-
clinical animal evalyation,
usability, and T

clinical evaluations

Virus, BSE, or other Tissue and/or tissue-
transmissible agent |derived source material
contamination

Tissue and/or tissue-
derived source material
contamination

Demonstrated compliance
with all parts of ISO 22442

Bleeding event

Improper anticoagulation
regimen

Improper anticoagulation
regimen

Design validation testing, pre-
clinical in vivo evaluation,
Clinical evaluation

NOTE This table is given as an example and is not all-inclusive.
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Table A.1 (continued)

Possible failure mode(s)

Haza

rds Rigid valve

Flexible valve

Possible evaluation methods

Unintended
cal interacti

anatomi- |Anterior mitral leaflet
ons interference, coronary
occlusion, conduction
system interference,

injury.

vascular or myocardial

Anterior mitral leaflet
interference, coronary
occlusion, conduction
system interference,
vascular or myocardial
injury.

Ex vivo evaluation (e.g.
cadaver studies), pre-clinical
in vivo evaluation, clinical
evaluation

NOTE Thig

falla s H 1 P2 £ o1l 3 | H
taoTe S grve i asa CXampreat S TotTar e STves

A.1.2 Additional generic failure modes and causes

Additional g
to novel deq

— sewing
— valve tq
— valveh
— valve iy
— valvec

— instruc|

igns):

cuff defective;

0 noisy;

blder broken;

verted on holder;

innot be removed from holder;

tions for use inadequate;

_ inadeq:[ate labelling;

— inadeq
— use by

— packag
— shelflif
— enviroy

— improp,

ate warnings;
inskilled personnel;
ng damaged during shipment;

e degradation;

er re-use of dewvice!

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

feneric failure modes and causes include the following (also refer to ISO 58403 &s appliqable
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In vitro procedures for testing unstented or similar valves in

compliant chambers

B.1
If th
into
shoy
diffe
NOT

NOT

B.2

B.2.

B.2.

Othg

B.2.
shoy

hypd

General

e pressure difference and/or regurgitation is a function of the compliance of the vessel
which the valve is to be implanted (e.g. in the case of an unstented aortic.valve), the

rence, pulsatile regurgitation, and wear/durability should be amended¢@$.in B.3.
1 These values are for compliance of the aorta and are not annulus valutes.

£ 2 See IS0 5840-1:2015, Annex E for paediatric conditions.

Compliant chamber specifications

Il  When testing valves in compliant chambers, consider using two compliant chambers
h low compliance chamber for simulating patients with a normal aorta;

h high compliance chamber for simulating younger patients, or patients with a hypercom

. Recommended values for the caripliance of aortic chambers are:

) )
ow compliance chamber: C= m(mj

kPa | mmHg
2,40%( 0,32%
kPa (mmng
r values for compljance should be justified by the manufacturer.

high compliance chamber: C =

B Recommended pressure ranges over which the chamber compliance (without the va

rtensive conditions defined in ISO 5840-1:2015, Table 1 and Table 2 (see 6.2.1).

or chamber
n the valve

ld be tested in compliant chambers as described in B.2. The protocols.for pulsatile pressure

bliant aorta.

ve present)

ld be characterized, and the valves tested, include the hypotensive, normotensive, anld moderate

B.3

B.3.

Test procedures using compliant chambers

1 Pulsatile-flow pressure difference

Test the valves in the low compliance chamber, under the hypo, normo, and moderate hypertensive

pres

B.3.

sure conditions as defined in ISO 5840-1:2015, Table 1 and Table 2 (see 6.2.1).

2 Pulsatile-flow regurgitation

B.3.2.1 Test the valves in the low compliance chamber under the hypo, normo, and moderate
hypertensive pressure conditions as defined in ISO 5840-1:2015, Table 1 and Table 2 (see 6.2.1).

© ISO 2015 - All rights reserved
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B.3.2.2 Test the valves in the high compliance chamber, under the hypo and normotensive pressure
conditions as defined in ISO 5840-1:2015, Table 1 and Table 2 (see 6.2.1). Hypertensive conditions may
be applicable for right-heart conditions.

B.3.3 Reference valves for hydrodynamics testing

One smallest and one largest currently marketed unstented valves should be used as reference valves
in all testing using compliant chambers.

B.3.4 Wear/durability

The valves

24

thould be tested in the low compliance chamber.
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Preclinical in vivo evaluation

General

Annex C
(informative)

ISO 5840-2:2015(E)

Basd
shoy

alteq

Evaluations listed in Table C.1 are not intended as mandatory or all inclusive. Each of th

d on risk analysis and in order to predict the safety and performance of clinical*us
1d be designed to provide a sufficient number of animals implanted with the dest an
surgical heart valve substitute. The rationale for animal models and justification for
native implant positions and implantation methods should be provided.

b, the study
d reference
the use of

e described

evalpiations includes minimum parameters necessary to assess a specific issue. Howevel, additional
parameters might be relevant depending on specific study goals and /erahanufacturer prodjct claims.
Acufle testing of surgical heart valve substitutes can be performed under nonsterile conditipns.
Table C.1 — Settings that can be evaluated
Issue Acute Chronic Flexible Rigid
Haemodynamic performance X X X X
Easgq of surgical handling X X X X
Acotstic characteristics X X X
Interference with adjacent anatomical X X X X
struftures
Haemolysis X X X
Thr¢mbo-embolic complications X X X
Calcffication/mineralization X X
Panfpus formation/tissue ingpowth/foreign
X X X
body response
Strufctural valve dysfunction and
. X X X
noni{structural dySfunction
Assgssment of valve and non-valve related
X X X
patHology
Cavitation X X
I
C.2 Disposition of evaluations

The evaluations listed in Table C.1 can be addressed as follows.

C.2.1 Haemodynamic performance

Transvalvular mean pressure differential and regurgitation should be performed, at minimum on the
day of elective euthanasia, at cardiac indices across a range of cardiac indices (e.g. 2,5 L/min/m2 to
6 L/min/m2). Transvalvular regurgitation measurement should be performed using a continuous flow
measurement technique or other methods which do not require crossing the valve with a catheter.
Multiple measurements of pressure and flow should be obtained.

© ISO 2015 - All rights reserved
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Measuring equipment used to assess haemodynamic performance should be described and its
performance characteristics documented.

C.2.2 Ease of surgical implantation

The ease of surgical implantation should include a descriptive assessment of the surgical handling
of the surgical heart valve substitute and accessories, if any, compared to a reference including any
unique features.

C.2.3 Acoustic characteristics

The acoustlic characteristics of rigid surgical heart valve substitutes should be evaluated/in the
intended implant position. One method of accomplishing this is to use intravascular/intracaidiac
pressure recordings with a micro-tip pressure transducer that has an upper frequency lintit-no lower
than 20 000 Hz. Air transmitted sound should be recorded 10 cm above the beating heatt,in the ppen
chest in ac¢ordance with IEC 60651. Alternatively, the valve loudness may be directlyy measured by
applying thle Zwicker loudness measurement in accordance with method B of 1S03532:1975 to valve
sound recofdings taken 5 cm to 10 cm above the closed chest. A technique similar‘to that describ¢d in
Reference [L5] could be used. The acoustic techniques are described in Reference [18].

C.2.4 Interference with adjacent anatomical structures

Interferencg with coronary ostia, cardiac conduction system, mitcal\valve structures, etc. should be
assessed and documented as appropriate.

C.2.5 Hae¢molysis

At minimur, the following laboratory analyses should beperformed: red blood cell count, hematqcrit,
reticulocyt¢ count, lactate dehydrogenase, haptoglobih, and plasma-free haemoglobin. Additjonal
hematology and clinical chemistry analyses should also be conducted to assess inflammatory respgnse,
platelet conjsumption, liver, and renal function.

C.2.6 Thrombo-embolic events

Thrombo-emboli should be evaluated ifiterms of macroscopic description, photographic documentalion,
and a histologic description of the thrombotic material. A full post-mortem exam should be performed
to disclose peripheral thrombo-emboli both macro- and microscopically.

C.2.7 Caltification/Mineralization

Calcificatioh/mineralization should be evaluated in terms of macroscopic description, photographic,
and radiogfraphic deciimentation, and a histologic description of any mineral deposits. The results
should be cpmpared:to a reference valve.

C.2.8 Pannus formation/tissue ingrowth

At minimum, the distribution and thickness of pannus formation/tissue ingrowth should be described
using macroscopic and microscopic methods and photographic documentation. A description of any
inflammatory response should also be included in the histologic description.

C.2.9 Structural valve deterioration and non-structural dysfunction

Structural valve deterioration and non-structural dysfunction should be macro- or microscopically
documented and described. If deemed appropriate by the program sponsor and/or study director any
unused portion of surgical heart valve substitute material should be retained in a suitable fixative for
additional studies as needed.
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C.2.10 Assessment of valve and non-valve related pathology

Assessment of other valve and non-valve related pathology should be macroscopically described,
histologically evaluated, if appropriate, and photographically documented.

C.2.11 Cavitation

Macro- and microscopic assessment of any signs of erosion caused by cavitation should be documented.
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(informative)

Description of the surgical heart valve substitute

D.1 General

The descrip|
in Table D.1
surgical hed
ISO 5840-3

tion of the surgical heart valve substitute should include, at minimum, the information-1
The description should be supported by pictures or illustrations where appropriate.For novel
rt valve substitutes, e.g. sutureless, the requirements of both this International’'Standard and
might be relevant and shall be considered as applicable to the specific devicedésign.

sted

Table P.1 — Information to be included in description of surgical heartvalve substitute
Major clags Subclass Component | Implant position | Annulus pesition Orientability
Rigid Bileaflet Orifice Aortic Suprayannular Rotatable
Tilting disc Occluder Mitral Intra=annular Non-rotatable
Caged ball Connections to |Tricuspid
Other Annulus (e.g. Pulmonic
Sewing cuff)
Flexible Stented Leaflets Aortic Supra-annular Rotatable
Unstented Support Mitral Intra-annular Non-rotatable
subcoronary Structure (e.g. |Tricuspid;Pul-
full root Stents) monic
scalloped Connections to
annulus (e.g.
Sewing cuff)
EXAMPLE 1| Rigid, tilting disc, Pyrolytic Carbon occluder with 6-4 titanium orifice, PET/PTFE sewing|cuff,

aortic and mjtral, supra-annular, rotatables

EXAMPLE 2
mitral, suprd

D.2 Cher

The descrip
primary fix

For device-

hical treatments, surface modifications, or coatings

Irugcombination products, elements of ISO/TS 12417 might be applicable.

Flexible, stented, bovine jpericardial, acetyl copolymer stent, PET/PTFE sewing cuff, aorti
-annular, non-rotatable:

Fion should include any chemical treatments, surface modifications, or coatings used, incly
htion oftisSue and any anti-calcification, anti-infection, or anti-thrombotic treatments.

and

ding

D.3 Component description

Each of the components of the surgical 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.

28
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ISO 5840-

1 Examples of components of some surgical heart valve substitutes

2:2015(E)

The following is a listing of examples of typical valve components of some surgical heart valve
substitutes. The following listing is not meant to be exhaustive.

D.4

In agldition to providingthe implant position as listed in Table D.1, a brief description of

tech
be d

D.5
Any

coating: any thin-film material that is applied to an element of a surgical heart valve s
order to modify its physical or chemical properties;

ubstitute in

component-joining material: material, such as a suture, adhesive, or welding compound, used to

assemble the components of a surgical heart valve substitute, thereby becoming part of

the implant

covering: any element applied to enclose any other element of the surgical heart vdly
[see Figures E.1,E.3, E.4, E.5, E.6, and E.8);

br retain(s) the occluder(s) (see Figures E.1 and E.2);

prifice ring (also housing): component of a surgical heart valve substitute that houses thd
bf a rigid surgical heart valve (see Figure E.1);

sewing ring (also sewing cuff): component of a surgical heart valve substitute by whi
httached to the heart (see Figure E.1);

sewing-ring filler: any material within the confines«of'the sewing ring of the surgical
substitute which provides it with bulk and shape (§ee Figure E.1);

sewing-ring retaining material: material used*to prevent separation of the sewing ri
brifice ring or frame (see Figures E.1 and E:2);

stent (also frame, body): component of a'surgical heart valve substitute that houses the
bf a flexible leaflet device (see Figure.E.5, E.6, and E.8);

stiffening element: component which reduces deformation of the orifice ring or stent (see

Implant position

hique, includingtprocedures for sizing the valve and the recommended implant technj
bcumented.

Accessories

aCeessories that are to be used in conjunction with the surgical heart valve substif

b substitute

b, and E.8);

pccluder retention mechanism: component(s) of a surgical heart valve substitute which support(s)

occluder(s)

ch it can be

heart valve

hg from the

occluder(s)

FigureE.1).

the implant
que, should

ute and its

imp

materials of construction should be provided (see Figure E.7).
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Annex E
(informative)

Examples of components of some surgical heart valve substitutes

Key
1  covering
2 sewing tfing filler
3  orificerlng
4  componpgnt joining material
5 stiffeninig element
6  sewing ffing retaining material
7  housing
8  occludet
Figure E.1 — Generic bi:leaflet rigid surgical heart valve substitute
1 2
\_/\ 3
Key

1  occluder
2 sewing ring retaining material

3 occluder retention mechanism

Figure E.2 — Generic mono-leaflet rigid surgical heart valve substitute
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Key
eaflet
component joining material

Covering

Figure E.3 — Generic flexible surgical heart valve substitute (flexible, unstented, s¢alloped)

Key
eaflet
component joining matétial

Ccovering

Figure E.4 —Generic flexible surgical heart valve substitute (flexible, unstented, full root)
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Key
1 leaflet
2  stent

3 covering

Figure E.5 — Generic flexible stented surgical heart valve substitute

Key
1 leaflet
2  stent

3 anchorilllg stent

Figure E.6 — Generic Novel Surgical Valve Substitute, e.g. Sutureless
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Key
Helivery system
pballoon

Helivery sheath

Figure E.7 — Generic balloon expandable rapid deployment surgical heart valve §ystem

Key
1 eaflet

2 pnchoring stent

Figure E:8 — Generic self-expanding sutureless surgical heart valve
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Annex F
(informative)

Guidelines for verification of hydrodynamic performance

F.1 General

This Annejy

provides guidance on test equipment, test equipment validation, formulation“of

protocols, and test methods for the hydrodynamic performance of surgical heart valves.

F.2 Stea

F.2.1 Me

F2.1.1 Dj
+0,26 kPa (|

ly forward-flow testing

Asuring equipment accuracy

fferential pressure measurement should have a measuremeént accuracy of at
2 mmHg).

test

east

F.2.1.2 All other measurement equipment should have a measurement accuracy of at least +5 % off the

maximum i}

itended test measurement (e.g. flow meter accuracy 1,5 1/min).

F2.2 Test apparatus requirements

F2.2.1 St
having an iy

pady flow testing for surgical heart valve\substitutes should be conducted in a straight
ternal diameter of 35 mm.

F.2.2.2 The test system should be capable'ef generating flow rates of at least 30 1/min.

F2.2.3 Fl
straightene

F.2.2.4 Py
downstrean
provided to

F.2.2.5 Py

bw entering the test chamber should be fully developed; this can be achieved by use of a
" upstream of the surgicalheart valve substitute.

essure taps sheould be located one tube diameter upstream and three tube diamg
n from the midplane of the surgical heart valve substitute sewing ring. If sufficient data c4g
demonstratecomparable results, other pressure tap configurations may be used.

essure taps should be flush with the inner wall of the tube.

standard nozzle in accordance with Figure E1 should be used to characterize the for

F2.2.6 A

tube

flow

bters
n be

ard

flow pressure and flow measuring equipment. A plBt of expected values for the Forward Flow Standard
Nozzle Gradients can be found in Figure F2. When accounting for acceptable accuracy tolerances,
measured values should agree with these data. See Reference [17].

NOTE

34

Based on physiologic saline with specific gravity of 1,005 g/ml and viscosity of 1,0 cP.
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Dimensions in millimetres
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-
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Figure F.1 — Standard‘nozzle; forward flow
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Figure F.2 — Forward flow nozzle gradients

F.2.3 Test procedure

Measure the difference across the test valve and the standard nozzle over a flow rate range of 5 1/min

to 30 I/min in 5 1/min increments.

F2.4 Testreport

The test report should include the following:

a) description of the fluid used for the test, including its biological origin or chemical components,

temperature, viscosity specific gravity;

b) description of the steady flow apparatus;

36
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c) details of the mean values and standard deviation of the following performance test variables at

F.3

F.3.

F3.1

F.3.1
max

F.3.]

F.3.2
geng

F.3.2

each simulated condition for each surgical heart valve substitute and standard nozzl
presented in tabular and graphic form:

1) steady flow rate;
2) pressure differences;

3) effective orifice area.

Steady back-flow leakage testing

e should be

1 Measuring equipment accuracy

.1 Steady flow leakage flowrate should have a minimum measurement aceuracy of +1

.2 All other measurement equipment should have a measurement acctracy of at least|
imum intended test measurement

P Test apparatus requirements

.1 The steady backflow leakage testing should be conducted in an apparatus that i
rating constant backpressures in the range of 5,2 kPa t0.26 kPa (40 mmHg to 200 mmHg

.2 The surgical heart valve substitute should h& mounted in such a manner as to minin

around and through the sewing ring.

F.3.2
back

.3 A standard nozzle in accordancey with Figure E3 should be used to charg
pressure, leakage volume flow rate,.and pressure-measuring equipment. A plot of expe

ml/s.

+5 % of the

b capable of
).

=)

hize leakage

cterize the
cted values

for the Backflow Standard Nozzle Gradients can be found in Figure F.4. When accounting for acceptable
accuracy tolerances, measured values should agree with these data.

NOTE Results when using physiologic saline with specific gravity of 1,005 g/ml and viscosity of 1,0 cP.
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F.3.2.4 The repeatability of the test system should be evaluated and documented.

F.3.3 Test procedure
Measure the static leakage across the surgical heart valve substitute and the standard nozzle at five

equidistant back pressures in the range of 5,2 kPa to 26 kPa (40 mmHg to 200 mmHg). Collect at least
five measurements at each back pressure.

F3.4 Testreport

The steady backflow test report should include the following:
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a) description of the fluid used for the test, including its biological origin or chemical components,
temperature, viscosity, and specific gravity under the test conditions;

b) description of the steady backflow apparatus;

c) details of the mean, range, and standard deviation of the performance test variables, at each
simulated condition for each surgical heart valve substitute and standard nozzle, presented in tabular
and graphic form; i.e. static leakage volume flow rate, expressed in I/min, as a function of back pressure.

F.4 Pulsatile-flow testing

F.4.1 Measuring equipment accuracy

F4.1.1 The pressure measurement system should have an upper frequency limit (-3 dBcut-off) jof at
least 30 Hz|and a differential measurement accuracy of at least 0,26 kPa (+2 mmHg)(The flow neter
should havd an upper frequency limit (-3 dB cut-off) of at least 30 Hz.

F4.1.2 R¢gurgitant volume measurements should have a measurement accuracy of at least 2 ml|

F.4.1.3 All other measurement equipment should have a measurementraceuracy of at least +5 % of the
maximum iptended test measurement.

F4.2 Test apparatus requirements

F.4.2.1 Puylsatile-flow testing should be conducted in a pulse duplicator that produces pressure| and
flow wavefqrms that approximate physiological conditionsiever the required physiological range.

F.4.2.2 The pulse duplicator should have had its\properties and performance established by means of
testing reference valves of different sizes.

F.4.2.3 The pulse duplicator should permit measurement of time-dependent pressures, volumgtric
flow rates, yelocity fields, and turbulentshear stress fields.

F4.2.4 The repeatability of thetest system should be evaluated and documented.
F.4.2.5 Rglevant dimensions of the cardiac chambers and vessels should be simulated.

F4.2.6 In| cases where the compliance may affect the pressure difference or regurgitation
characteristics of the'walve (e.g. the aortic compliance in an unstented aortic valve), the relevant chamber
compliancefshould-be simulated (see Annex B for guidelines on compliant chambers).

F4.2.7 Thechambershoutd=attow theobserver toview and photograph thesurgicat-heart—valve
substitute at all stages of the cycle.

F.4.3 Test procedure

F4.3.1 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.

F.4.3.2 Pressure difference should be measured at four simulated cardiac outputs between 2 1/min
and 7 1/min (e.g. 2 1/min, 3,5 1/min, 5 I/min, 7 I/min), at a single simulated normal heart rate (e.g.
70 cycles/min).
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F.4.3.3 Regurgitant volumes should be measured at three different pressure conditions representative of
hypotensive, normotensive, and severe hypertensive conditions (see ISO 5840-1:2015, Table 1 and Table 2).

Table F.1 — Regurgitant volume test conditions

Beatrate Systolic duration | Cardiac output Pressure conditions
(cycles/min) (%) (1/min)
45 30 5 Hypotensive, normotensive, severe hypertensive
70 35 5 Hypotensive, normotensive, severe hypertensive
120 50 5 Hypotensive, normotensive, severe hypertensive

F.4.3.4 At least 10 measurements of each of the following variables should be obtained [from either

congecutive or randomly-selected cycles:

a)
b)
‘)
d)
e)
f)
g)

mean pressure difference across the surgical heart valve substitute;
nean and root mean square, RMS, flow rates through the surgical heartvalve substitute;
forward flow volume;

beat rate;

mean arterial pressure over the whole cycle;
cystolic duration;

Fegurgitant volume, including the closing volume, the leakage volume (see ISO 5B40-1:2015,
Figure 1), and the corresponding mean pressure difference across the closed valve.

F.4.3.5 Assess the flow fields, velocity and Shear, in the immediate vicinity of the surgical heart valve
subdtitute, including within the valve “housing” mechanism, e.g. within the hinge region df a bileaflet
rigid valve design. Techniques for suchumeasurements include laser Doppler velocimetry (LIDV), particle
image velocimetry (PIV), and computational fluid dynamics (CFD). The CFD code should b¢ verified to
make sure that the right equations and physics are being modelled as applied to the valve design being

eval

hated. CFD results should be,validated by comparison with experimental results.

F.4.3.6 Assess the haemolytic and thrombogenic potential of the valve design in each|position of

inte

ded use, either in'the studies described in E4.3.5, or other relevant in vitro, computationgl, and/or in

vivo |studies. Measures‘such as shear rate magnitude versus duration and particle residence fime should

be considered.

F.4.

The pulsatile flow test report should include the following information:

a)

b)

Testréport

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

description of the pulse duplicator, as specified in F.4.2, and its major components and associated
apparatus, including a schematic diagram of the system giving the relevant chamber dimensions
and valve orientation, chamber compliance (if a compliant chamber is used), details of the location
of the pressure-measuring sites relative to the mid-plane of the surgical heart valve substitute
sewing ring, pressure measurement instrumentation frequency response, and the appropriate
representative pressure and flow waveforms at approximately 70 cycles/min, simulated cardiac
output of 5 1/min, and mean arterial pressure of 13 kPa (100 mmHg);

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

© IS0 2015 - All rights reserved 41


https://standardsiso.com/api/?name=7eacb05c0a0f9a31e92cfea7a4500559

ISO 5840-2:2015(E)

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

e) simulated cardiac output;
f) beatrate;

g) systolic duration;

h) forward flow volume;
i) mean apd RMS flow rates;
j)  mean pressure difference;
k) effective orifice area;

1) regurgitant volume, closing volume, and leakage volume, expressed in millilitrés and as a percentage
of forwhrd flow volume; the corresponding mean pressure difference across the closed valve;

m) mean afterial pressure over the whole cycle;

n) appropriate qualitative photographic documentation and quantitative analyses of the opening and
closing|characteristics for the surgical heart valve substitute;

0) appropriate documentation and quantitative analyses of the velocity and shear stress fields i the
immed]ate vicinity, including where appropriate within the valve housing;

p) appropriate assessment of the haemolytic and thrambogenic potential.
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Annex provides guidance on test equipment, formulation of test protocols, and tést
lurability assessment of surgical heart valves. The surgical heart valve substitutes'sho
er appropriate loads while simulating device function in an appropriate fluid -envirg
ified number of cycles required to demonstrate in vitro device durabilityl, Where tes
influence the results of durability tests, e.g. where components are manufactured from
brials, real time testing should be considered.

Measuring equipment accuracy

pressure measurement system used to measure the transvalvular pressure differé
a natural or resonant frequency at least 50 times the test cycle rate and a minimum m

accuracy of 0,65 kPa (5 mmHg) unless otherwise justified. Data sampling rate should be 3

G.3

In ad
to cy
to ey

G4

Pote
iden|

Real time testing

|dition to accelerated wear testing, wear tessting at physiologic conditions, e.g. beat rate
cle counts less than 200 million cycles may be considered. The results of this testing 1
aluate the validity of accelerated durability test results.

Dynamic Failure Mode

ntial modes of failure associated with structural valve deterioration (see Annex A
Lified. A possible evaluation method is subjecting samples of valves that have survived tH

numper of required cycles of durability testing to extended accelerated durability testin

sam
depd
Baye

G.5

e or more severg.conditions. Other testing strategies and evaluation methods may b,
nding on the deyice design, materials, construction, and statistical approaches employ
sian/Weibulreliability techniques). The method(s) used should be justified.

ResSults evaluation

Som

ethods for

L‘JTd be tested

nment to a
t frequency
viscoelastic

bnce should
pasurement
ppropriate.

5 <200 bpm,
hay be used

should be
e minimum
b under the
e employed
red (such as

minor d:\mqu is m(pm‘hnd on valves after rnmplpfing dnrqhilify fpcfing Failures h

WeVer, are

characterized by excessive structural damage and/or functional impairment. A clear definition of
“failure” should be established and be consistent with respect to the specific failure mode(s) identified
by the risk analysis. Any observed damage not identified in the risk analysis must be evaluated for
relevance and impact on the risk analysis or be justified as a test artefact. Examples of structural
deterioration include holes, tears, gross delamination, fraying, incomplete coaptation, fracture,
excessive deformation, failure of any individual component, other mechanical breakdown and/or wear.
Examples of functional impairment include excessive regurgitation and/or excessive transvalvular
forward flow pressure difference.
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