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Foreword

ISO 5840:1996(E)

SO {the tnternationat_Organization for Standardization) is
federation of national standards bodies (ISO member bodjés
preparing International Standards is normally carried)out
technical committees. Each member body interested in
which a technical committee has been established has th
represented on that committee. International ©rganizations,
and non-governmental, in liaison with ISO, @lso take part in
collaborates closely with the International~Electrotechnica
(IEC) on all matters of electrotechnical standardization.

Draft International Standards adepted by the technical co
circulated to the member bodigs for voting. Publication as a

a worldwide
. The work of
through ISO
a subject for
e right to be
governmental
he work. ISO
Commission

mmittees are
h International

Standard requires approval by.at least 75 % of the member hodies casting

a vote.

International Standard{/SO 5840 was prepared by Technic
ISO/TC 150, Implarts for surgery, Subcommitte SC 2,
implants.

This third edition cancels and replaces the second edition (IS
which hastbeen technically revised. Additions include testin
and components and a scheme for classification of heart val
and their components.

Annexes A to F of this International Standard are for informat

hl Committee
Cardiovascular

D 5840:1989),
g of materials
e substitutes

on only.
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t, no heart valve substitute which can be regarded as ideal.

nal Standard has been prepared by a group well aware of
associated with heart valve substitutes and their develop-
ral areas, the provisions of this International Standard have
tely left open as there has been no wish to inhibit
and innovation. For these reasons, this International
htionally does not attempt to specify performance require-
shed products. It does specify types of tests, test methods
ments for test apparatus, and requires disclosure of test
results. The areas with which this International Standard. is
those which wiill facilitate quality assurance, aid the surgeoh
heart valve substitute, and ensure that the device wilt be
he operating tabie in a convenient form. Emphasis;fias’ been
cifying types of in vitro testing, on preclinical .in Vivo and
ions, on reporting of all in vitro, preclinical in vivo'and clinical
nd on the labelling and packaging of the-device. Such a
ving in vitro, preclinical in vivo and clinical evaluations is
arify the required procedures prior to market release and to
 identification and management of-subsequent problems.

o in vitro testing and reporting, ‘apart from basic material
bchanical, physical, chemicaland biocompatibility character-
brnational Standard also ¢overs important hydrodynamic and
tigue characteristics ©f, heart valve substitutes. The exact

test methods| for hydrodynamic.and accelerated fatigue testing have not
been specifiedl, but requirements,for the test apparatus are given.

This Internatignal Standardi§7incomplete in several areas. It is intended to
be revised, updated, andfor amended, as knowledge and techniques in
heart valve supstitute-technology improve.
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Cardiovascuilar impiants — Cardiac vaive prostheses

1 Scop

1.1 This

determining the physical, biological and mechanical properties of heart valve substitutes of all typ
materials gnd components of which they are made.

1.2 Requjrements are provided for preclinical in vivo evaluation, for clinical evaluation, and for repor
of all type$ of testing and evaluation covered in this International Standard: These requirements do
comprise 4 complete test programme.

1.3 Specffications are also given for packaging and labelling of héart'valve substitutes.

1.4 This International Standard is not applicable to heart valvé substitutes comprised in whole or in
tissue.

NOTE — 4

W

nternational Standard specifies tests to be performed and requirements for'test apparatu

rationale for the provisions of this International Standard is given in annex A.

5 to be used in
es, and of the

ing the results

not purport to

part of human

visions of this
are subject to
nvestigate the
d ISO maintain

n of dates and

nogenicity and

2 Normative references

The following standards contain provisions. which, through reference in this text, constitute pro
Internatiorfal Standard. At the time of-publication, the editions indicated were valid. All standards
revision, gnd parties to agreements-based on this International Standard are encouraged to i
possibility jof applying the most reeeght editions of the standards indicated below. Members of IEC an
registers df currently valid International Standards.

ISO 8601:1988, Data elements and interchange formats — Information interchange — Representatid
times.

ISO 10993-1:—"), Biological evaluation of medical devices — Part 1. Evaluation and testing.

ISO 10993-2:1892; Biological evaluation of medical devices — Part 2: Animal welfare requirements.
ISO 10993:-3:1992 _RBiological evaluation of medical devices — Part 3: Tests for genotoxicity, carc
reproductive toxicity.

ISO 10993-4:1992, Biological evaluation of medical devices — Part 4: Selection of tests for interactions with blood.

ISO 10993-5:1992, Biological evaluation of medical devices — Part 5: Tests for cytotoxicity: in vitro methods.

ISO 10993-6:1994, Biological evaluation of medical devices — Part 6: Tests for local effects after implantation.

ISO 10993-7:1995, Biological evaluation of medical devices — Part 7: Ethylene oxide sterilization residuals.

ISO/TR 10993-9:1994, Biological evaluation of medical devices — Part 9: Degradation of materials related to
biological testing.

1) Tobep

ublished. (Revision of ISO 10993-1:1992)
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ISO 10993-10:1995, Biological evaluation of medical devices — Part 10: Tests for irritation and sensitization.

ISO 10993-11:1993, Biological evaluation of medical devices — Part 11: Tests for systemic toxicity.

ISO 10993-12:—2), Biological evaluation of medical devices — Part 12: Sample preparation and reference materials
ISO 11134:1994, Sterilization of health care products — Requirements for validation and routine control —
Industrial moist heat sterilization.

ISO 11135:1994, Medical devices — Validation and routine control of ethylene oxide sterilization.

ISO 11137:1995, Sterilization of health care products — Requirements for validation and routine control —
Radiation sterilization.

ISO 14155:1996, Clinical investigation of medical aevices.

3 Definitions

For the purposgs of this International Standard, the following definitions apply.

3.1 anticoagulant-related haemorrhage: Internal or external bleeding that causes death or stroke, or that
requires transflision, operation or hospitalization.

NOTE — This]efinition is restricted to patients who are receiving anticoagulants and/or antiplatelet drugs.

3.2 arterial diastolic pressure: Minimum value of the arterial pressureduring diastole.
3.3 arterial geak systolic pressure: Maximum value of the arterialipressure during systole.

3.4 closing yolume: Component of the regurgitant volume that is associated with the dynamics of vajve closure
during a singlg cycle (see figure 1).

3.5 cycle: Offe complete sequence in the action of a test heart valve substitute under pulsatile flow corjditions.
3.6 cycle rate: Number of complete cycles per unit-6f time, usually expressed as cycles per minute (cygles/min).

3.7 external|sewing ring diameter: Maximum external diameter of a heart valve substitute, including the sewing
ring (see figure 2).

3.8 forwardiflow phase: Portion of the cycle time during which forward flow occurs through a test heart valve
substitute.

3.9 heart vdlve substitute:~Device used to replace or supplement a natural valve of the heart, ¢ategorized
according to the position inaxhich it is intended to be used (valve type).

3.9.1 mechdnical heart valve substitute: Heart valve substitute composed wholly of synthetic materip

S.

3.9.2 biologicalcheart valve substitute: Heart valve substitute composed wholly or partly of animal tigsue.

3.10 interna
the occluder(s).

, excluding

3.11 leakage volume: Component of the regurgitant volume that is associated with leakage through the closed
valve during a single cycle (see figure 1).

NOTE — The point of separation between the closing and leakage volumes is obtained according to a defined and stated
criterion (the linear extrapolation shown in figure 1 is just an example).

3.12 mean arterial pressure: Time-averaged arithmetic mean value of the arterial pressure during one cycle.

2) To be published.
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3.13 mean pressure difference: Time-averaged arithmetic mean value of the pressure difference across a heart
valve substitute during the forward-flow phase of the cycle.

NOTE — The usage of “mean pressure gradient” for this term is deprecated.

3.14 mean volume flow: Time-averaged arithmetic mean value of the flow across a heart valve substitute during
the forward-flow phase of the cycle.

3.15 nonstructural dysfunction: Abnormality resulting in stenosis or regurgitation of the heart valve substitute
that is not intrinsic to the valve itself.

NOTE — This dysfunction is exclusive of valve thrombosis, systemic embolus or |nfect|on d|agnosed by reoperatlon autopsy

s ot ,-.,-.; inn  Cuarminlac innliida antranmant by nannite Ar aiitiira  naravuabhadar laal  ieccea~mciada aizime

or in vivo j £ { y—i — - ppropiiate sizing, and

significant aemolytlc anaemia.

3.16 occjuder: Component(s) of a heart vaive substitute that move(s) to inhibit refiux.
3.17 opdrative mortality: Death from any cause during operation or within 30 days after operation

3.18 profile height: Maximum axial dimension of a heart valve substitute if the open or closed position,
whicheverlis greater (see figure 2).

3.19 prosthetic valve endocarditis: Infection involving a heart valve substitute.
NOTE — [piagnosis is based on customary clinical criteria, including an apgropriate combination of positivd blood cultures,
clinical signs (fever, new or altered cardiac murmurs, splenomegaly, systemi¢ embolus or immunopathologi¢ lesions) and/or

histologic donfirmation of endocarditis at reoperation or autopsy. Morhidity associated with active infectioh such as valve
thrombosis| embolus or paravalvular leak is included under this category,and is not included in other categorieq of morbidity.

i 4

Closing volume

% Leakage volume

Flowrate

Time

Figure 1 — Example of flow waveform and regurgitant volumes for one cycle
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Figure 2 — Designation of dimensions of heart valve substitutes

3.20 reference valve: Heart valve substitute used to assess the conditions established in the tests employed to

evaluate the t¢st heart valve substitute.

NOTE — The feference valve should approximate the test heart valve substitute in type, configuration and tissue annulus
diameter; it may be an earlier model of the same valve, if it fulfills the necessary conditions. The characteristics of the
reference valve|should be well documented with both in vitro and-clinical data available in the literature.

3.21 regurgjtant fraction: Regurgitant volume expressed as a percentage of the stroke volume.

3.22 regurgjtant volume: Volume of fluid that flows through a test heart valve substitute in the reverge direction
during one cygle; it is the sum of the closing-Velume and the leakage volume (see figure 1).

3.23 root mean square (r.m.s.) volume flow: Square root of the time-averaged arithmetic mean squ

_the volume flgw through a test heart valve substitute during the forward-flow phase of the cycle.

ire value of

3.24 simulated cardiac output: Net fluid volume flowing forward through a test heart valve suljstitute per

minute.

3.25 stroke|volume:Volume of fluid moved through a test heart valve substitute in the forward dire

one cycle.

3.26 structdral deterioration: Change in the function of a heart valve substitute resulting from

tion during

an intrinsic

abnormality thatTausesstenosisorregurgitation:

NOTE — This definition excludes infection or thrombosis of the heart valve substitute as determined by reoperation, autopsy
or in vivo investigation. It includes intrinsic changes such as wear, stress fracture, occluder escape, calcification, leaflet tear

and stent creep.

3.27 systemic embolism: Clot or other particulate matter, not associated with infection, originating on or near
the heart valve substitute and transported to another part of the body.

NOTE — Diagnosis may be indicated by a new, permanent or transient, focal or global neurologic deficit (exclusive of
haemorrhage) or by any peripheral arterial embolus unless proved to have resulted from another cause (e.g. atrial myxoma).
Patients who do not awaken post-operatively or who awaken with a stroke or myocardial infarction are excluded. Acute
myocardial infarction that occurs after operation is arbitrarily defined as an embolic event in patients with known normal
coronary arteries or who are less than 40 years of age.
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3.28 tissue annulus diameter: External diameter of a heart valve substitute, including any covering where it is
intended to mate with the smallest diameter of host tissue (see figure 2).

NOTE — The usage of “mounting diameter” for this term is deprecated.
3.29 valve size: Manufacturer's designation of the dimensions of the heart valve substitute.

3.30 valve thrombosis: Blood clot, not associated with infection, causing dysfunction of the heart valve
substitute.

NOTE — Diagnosis may be proved by operation, autopsy, or clinical investigation (e.g. echocardiography, angiocardiography
or magnetic resonance imaging).

4 Valve description

A completp description of the heart valve substitute, its components, materials and processes of cohstruction shall
be provided.

NOTES

1 See annkx E for definitions of terms that can be used to identify the heart valve substitute components.
2 Relevant construction processes may include anticalcification treatment or carbongating of sewing rings ($ee annex F).

5 Material, component and valve assembly testing (see A.1 for rationale)

5.1 Pringiple

Physical tgsting of the materials and components of heart Valve substitutes is performed to assure that the valve or
componer]ts will withstand the rigors imposed by the haest over the lifetime of the device. Test selgction is based
on a matrik criterion that accounts for the materials and components used in the heart valve substityte and the site
of use.

5.2 General

The test $pecimens chosen for evaluation shall emulate, as closely as possible, the condition ¢f the finished
product aq supplied for clinical use.

5.3 Testing fluid and temperature
Where enmulation of in vive gonditions is applicable, testing shall be performed using a testing fluid of isotonic
saline, blgod or a blood*equivalent fluid whose physical properties (e.g. specific gravity, viscodity at working
temperatyre) shall be~stated. The tests shall be conducted at 37 °C unless an acceptable scient|fic/engineering
rationale allows for©ther conditions.

NOTE — Mechanical properties and degradation properties can vary with temperature.

5.4 Biocompatibility

The biocompatibility of the materials and components used in heart valve substitutes shall be determined in
accordance with the appropriate part(s) of ISO 10993.

5.5 Physical and material testing
5.5.1 Materials and component testing

Properties of heart valve substitutes and their components shall be evaluated, where applicable to the design of
the valve, according to tables 1 and 2. A rationale for the selection of properties evaluated shall be provided.

NOTE — See annexes C, D, E and F for references and a description of possible materials and component testing of heart
valve substitutes. These annexes are provided to guide the reader in the use of tables 1 and 2.
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Table 1 — Physical and chemical properties for evaluation of heart valve substitute components

r ;:_:zi e Physical and t.:hemical s . Component?)
A - properties ynthetic Rioloaical Metal Ceramic Textile
{annex C) polymer | Bl0l0 gical | Metal Ceramic | Textile
c.2. Bulk physical properties
2.1 Chemicai composition ABCDEFGHIJ [J ABCDEHJ ABDJ FGi
2.2 Density ABCDEFGHIJ ABCDEHJ ABDJ
2.3 Liquid diffusivity ABCDEFGHI ABD
2.4 Hardness ABCDEFGHJ ABCDEHJ ABDJ
25 Microstructure/morphology ABCDEFGHI | ABCDEHJ ABDJ
26 Tanr annngn\ Nt ARCNEEGH!
2.7 Young's modulus ABCDEH ABCDEH ABD
2.8 Poisson's ratio ABCDEFGHI ABCDEH ABD
29 Dynamic moduli BDE ABCDEFGHI
2.10 Coefficient of thermal expansion ABCDE ABDH ABD
2.11 Glass transition temperature ABCDEFI FGI
2.12 Melt index ABCDEH]
2.13 Melting point ABCDEFI FGI
2.14 Hydraulic expansion ABCDEFHIJ J J
2.15 Biostability ABCDEFGHI
2.16 Film thickness J J J
217 % Elemental composition of a film | J J
C.3. Surface physical properties
3.2 Critical surface tension ABDEJ J ABCDJ ABDJ
3.3 Surface roughness ABDEJ J ABCDJ ABDJ
3.4 Surface chemical composition ABDEJ J ABCDJ ABDJ
35 Surface charge and charge density | ABDEJ J ABCDJ ABDJ
3.6 Surface resistance J J J
C.4. Mechanical and chemical properties
4.2 Wear resistance ABCDJ ABDHJ ABDJ
4.3 Coefficient of friction ABDE ABDH ABD
4.4 Peel strength DE
45 Flexural strength BDE E ABD
4.6 Compressive strength ABCE ABD
4.7 Tensile strength DEI ABCDE ABCDEH ABD
438 Tensile strain to failure (elongation) |DEIJ ABCDE ABCDEHJ ABDJ
4.9 Strain energy;to failure El C ABD
4.10 Residuahstress ABCDEFGH ABCDEH ABD
4.11 StresSrelaxation ABCDEFGH ABCDE
4.12 Creep ABCDEH
4.13 Tacture toughmess ABCDEH ABD
4.14 Crack growth velocity ABCDEH ABD
4.15 Fatigue life ABCDEHI ABCDEH ABD
4.16 Stress corrosion potential ABDH
4.17 Galvanic corrosion potential ABCDH
4.18 Fretting corrosion potential ABDH
4.19 Void concentration J J J
NOTE — See figure E.1 and annex E for description of components A to J.
1) A Oirifice ring (housing) D Occluder/leaflet G Sewing ring filler J Coating
B Occluder retention mechanism E Stent H Sewing ring retaining material
C Stiffening element F Covering I Component joining material
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Table 2 — Physical and chemical properties for application to design of heart valve substitutes

and their components

Clause Appropriate for current
reference | Physical and chemical properties tests design
(annex C) Yes No

C.5. Valve design parameter
5.1 Computer modelling
5.2 Tissue annulus diameter and internal

orifice area measurements

5.3 Vatvempectandfatiguetife
5.4 Static pressure; "burst” test
55 Orifice deflection
5.6 Sewing ring push-off
5.7 Sewing ring torque
5.8 Suture retention strength
5.9 Calcification (in vivo model)

report

le for the test;

eport shall include:

ve assembly testing

cation of the sample tested (e.g. batch number);

numbegr of specimens tested;

sults:s

al and chemical properties relating to valve design, listed in table 2, shall be evaluated
, subassemblies or components as applicable.

v of the material tested (e.g._generic chemical name or biological source) or a description

ethod used and;"where a test method other than a test specified in an International Stand4
of the test procedure;

on heart valve

of the item(s)

rd is used, full

6 Hydrodynamic testing (see A.2 for rationale)

6.1 Principle

Hydrodynamic testing provides in vitro information on the fluid mechanical performance of the heart valve
substitute under steady and pulsatile flow conditions.

6.2 General

All heart valve substitutes to be tested shall be of quality suitable for human implantation. Before testing, each
heart valve substitute shall have been sterilized by the process used or intended to be used by the manufacturer
during production. If a heart valve substitute can be resterilized prior to implantation, it shall also be subjected to
the recommended maximum number of resterilization cycles, using the method stated by the manufacturer.
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6.3 Steady

6.3.1 Measu

96(E)

forward-flow testing

ring equipment accuracy and testing fluid
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6.3.1.1 The pressure measurement system shall have a measurement accuracy of at least £0,13 kPa

(£ 1 mmHg).

6.3.1.2 All measuring equipment shall have a measurement accuracy of at least £ 5 % of the full-scale reading.

6.3.1.3 The fluid used for the test shall be isotonic saline, blood or a blood-equivalent fluid whose physical
properties (e.g. specific gravity, viscosity at working temperature) shall be stated.

6.3.2 Test apparatusrequirements

6.3.2.1 Stead
having an inte|

6.3.2.2 Thet

6.3.2.3 Flow
straightener u

6.3.2.4 Press
the midplane
comparable rq

6.3.25 The

6.3.2.6 A std
and flow-mea

6.3.3 Testp
6.3.3.1 Carny

6.3.3.2 Mea
5 |/min to 30 |

rnal diameter of 35 mm.

bst system shall be capable of generating flowrates of at least 30 |/min.

pstream of the heart valve substitute.

sults, other pressure tap configurations may be used.

ressure taps shall be flush with the inner wall of the tubé.

suring equipment.

rocedure

out the test on at least three heart valve substitutes of each tissue annulus diameter.

min, in 5 I/min increments.

6.3.4 Test r¢port

The steady-flq

w test report shallinclude:

and specific'gravity under the test conditions;

lion.of the steady-flow apparatus, as specified in 6.3.2.

a) adescrip
viscosity

b) adescrip

Details of th

mean, range and standard deviation of the fnlln\/\/ing porfnrmanm: test variables at eac

entering the test chamber shall be relatively nondisturbed, which canybe achieved \

ure taps shall be located one tube-diameter upstream and three tdbe-diameters downs
of the heart valve substitute sewing ring. If sufficient data. can be provided to d

ndard nozzle in accordance with figure 3 a) shall bé.used to characterize the forward-flo

ure the pressure difference across the test valve and the standard nozzle over a flowra

y-flow testing for aortic and mitral heart valve substitutes shall be conducted ipya)straight tube

vith a flow

tream from
emonstrate

W pressure

te range of

tion of the fluid Used for the test, including its biological origin or chemical components, t¢mperature,

simulated

condition for each test heart valve substitute and standard nozzle, shall be presented in tabular or graphic form:

c)
d) pressure

e)

steady flowrate, expressed in litres per minute;

differences, expressed in kilopascals and in millimetres mercury;

downstream from the test heart valve substitute.

effective orifice area, expressed in square centimetres, calculated taking into account the pressure recovery
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Figure 3 — Standard nozzle
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EXAMPLE, based on the Carnot equation:

EOA=—24

2AP
1+ —
pv

where

EOA is the effective orifice area;

A is the cross-sectional area of the tube;

AP  is the mean pressure difference across heart valve substitute;

1% is tHe cross-sectional average velocity in the tube;

p is the density of testing fluid.
6.4 Steady pack-flow leakage testing
6.4.1 Measuring equipment accuracy and testing fluid
6.4.1.1 Regurgitant volume measurements shall have a measurement accuracy of at least £ 1 ml.
6.4.1.2 All mdasuring equipment shall have a measurement accuracy of atdeast £ 5 % of the full-scale r¢ading.
6.4.1.3 The fluid used for the test shall be isotonic saline, blood*or a blood-equivalent fluid whose physical
properties (e.g| specific gravity, viscosity at working temperature) shall be stated.
6.4.2 Test apparatus requirements
6.4.2.1 The sfeady back-flow leakage testing shall bé.eonducted in an apparatus that is capable of |generating
constant back-pressures in the range of 5,2 kPa to 26-kPa (40 mmHg to 200 mmHg).
6.4.2.2 The Hheart valve substitute shall be mounted in a manner to prevent leakage around and through the
sewing ring.
6.4.2.3 A stanmdard nozzle in accordance Wwith figure 3 b) shall be used to characterize the back-pressufe, leakage
volume flowrate and pressure-measuring equipment.
6.4.3 Test prpcedure
6.4.3.1 Carry put the test:oh at least three heart valve substitutes of each tissue annulus diameter.
6.4.3.2 Measlre the-static leakage across the test valve and the standard nozzle at five equidigtant back-
pressures in the range of 5,2 kPa (40 mmHg) to 26 kPa (200 mmHg). Collect at least five measurements at each
condition.

6.4.4 Test report

The steady back-flow test report shall include:

a)

viscosity a
b) a descripti
c)

nd specific gravity under the test conditions;

on of the steady flow apparatus, as specified in 6.4.2;

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

details of the mean, range and standard deviation of the performance test variables, at each simulated

condition for each test heart valve substitute and standard nozzle, presented in tabular or graphic form; i.e.
static leakage volume flowrate, expressed in litres per minute, as a function of back-pressure, expressed in
kilopascals.

10
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6.5 Pulsatile-flow testing
6.5.1 Measuring equipment accuracy and testing fluids

6.5.1.1 The pressure measurement system shall have a natural frequency of at least 20 Hz and a measurement
accuracy of at least £+ 0,26 kPa (£ 2 mmHg).

6.5.1.2 Regurgitant volume measurements shall have a measurement accuracy of at least £ 2 ml.

6.5.1.3 All measurina eauipment other than that cified In 6.5.1.1 and 6.5.1.2 shall have a measurement

..... LIS B A =3 i

accuracy of at least + 5 % of the full-scale reading.

6.5.1.4 The fluid used for the test shall be isotonic saline, blood or a blood-equivalent fluid whose physical
properties[(€.g. Specific gravity, ViScosity at worKing temperature) shall be stated.

a'n

5.5.2 Test apparatus requirements

6.5.2.1 The pulsatile-flow testing shall be conducted in a pulse duplicator which preduces pregsure and flow
waveformp that approximate physiological conditions (see figure 4).

6.5.2.2 The pulse duplicator shall have had its properties and performance.€stablished by mdans of testing
reference jvalve(s).

6.5.2.3 The pulse duplicator shall have a variable stroke volume in the range of 30 ml to 100 ml or gleater.
6.5.2.4 The pulse duplicator shall have a cycle rate range of 40 cycles/min to 120 cycles/min or gredter.

6.5.2.5 The pulse duplicator shall be an equivalent hydrodynamic model of the systemic circulatiof, incorporating
componeijts that are analogous to systemic vascular resistance and to systemic vascular compliance.
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Figure 4 — Diagrams of haemodynamic waveforms simulating those of healthy humans

11


https://standardsiso.com/api/?name=6340774e556ee36da256cb8f8ce35666

ISO 5840:1996(E) ©ISO

6.5.2.6 The pulse duplicator shall permit measurement of time-dependent pressures and flows.

6.5.2.7 The system shall simulate a mean arterial pressure of at least 13 kPa + 0,65 kPa (100 mmHg + 5 mmHg),
with an arterial peak systolic pressure of between 14,3 kPa and 19,5 kPa (110 mmHg and 150 mmHg) and an
arterial diastolic pressure between 7,8 kPa and 11,7 kPa (60 mmHg and 90 mmHg), depending on valve size and
cardiac output.

6.5.2.8 The systolic forward flow shall account for 35 % £5 % of the total cycle time at a cycle rate of
70 cycles/min £ 10 cycles/min.

6.5.2.9 Relevant dimensions of the cardiac chambers and vessels shall be simulated. The relevant compliance
should also be simulated when testing nonstented biological heart valve substitutes.

6.5.2.10 The
of the cycle.

Fhamber shall allow the observer 1o view and photograph the test heart valve substitute. af all stages

6.5.3 Test prpcedure

6.5.3.1 Carry|out the test on at least three heart valve substitutes of each tissue armnuius diametgr and one

reference valv

6.5.3.2

6.5.3.3 Exam

6.5.3.4 Make
cycles.

6.5.3.5 Quali
6.5.3.6 If app

6.5.3.7 Reco

Includ
from 2 I/min tg

b in the position in which they are intended to be used.

e qualitative assessments over a flow volume range correspondifig™to simulated card
at least 7 I/min.

ne at least four simulated cardiac outputs.

atively assess the opening and closing action of each heart valve substitute.

d or measure:

at least ten measurements of each variable obtained frepi either consecutive or random

ropriate, qualitatively assess the flow field in-the immediate vicinity of the heart valve subs

ac outputs

ly-selected

titute.

a) mean prepsure difference across the test heart valve substitute;

b) mean andr.m.s. flowrates through thetest heart valve substitute;

c) stroke volume;

d) cycle rate

e) mean artgrial pressure.over the whole cycle;

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

regurgitar
correspor

t velume at three cycle rates, including the closing volume, the leakage volume (see figure
ding mean pressure difference across the closed valve.

9) 1) and the

6.5.4 Test report

The pulsatile-flow test report shall include:

a) 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) a description of the pulse duplicator, as specified in 6.5.2, and its major components and associated apparatus,

including a schematic diagram of the system giving the relevant chamber dimensions, details of the location of
the pressure-measuring sites relative to the midplane of the heart valve substitute sewing ring, pressure
measurement instrumentation frequency response, and the appropriate representative pressure and flow
waveforms at approximately 70 cycles/min, cardiac output of 51/min and mean arterial pressure of 13 kPa
(100 mmHg);

12
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c) an assessment, including appropriate documentation, of the opening and closing action of a test heart valve
substitute and, if appropriate, its adjacent flow field under stated conditions;

d) a permanent recording of at least ten consecutive cycles of the time-dependent simultaneous pressures,
proximal and distal to the heart valve substitute, and the volume flow through it.

Details of mean, range and standard deviation of the following performance test variables at each simulated cardiac
output for each test heart valve substitute and reference valve shall be presented in tabular or graphic form:
e) simulated cardiac output, expressed in litres per minute;

=) gl 1201 uiPuL, 2 D errnru

f)  cycle rate, expressed in cycles per minute;

g) duratforrofforward=-ffow phase, eEXpressedas g pPercentage of the cycle time;

h) strokp volume, expressed in cubic centimetres;

i) mean and r.m.s. flowrates, expressed in litres per minute;

)  mean pressure difference, expressed in kilopascals and in millimetres mercury;

k) effedtive orifice area (provide formula used), expressed in square centimetres;

I} reguifgitant volume, expressed in cubic centimetres, regurgitant fraction; expressed as a perg¢entage, closing
volurhe, leakage volume and the corresponding mean pressure difference across the closed valve, expressed

in kilppascals and in millimetres mercury;

m) mear arterial pressure over the whole cycle, expressed in kilopascals and in millimetres mercury.

7 Durgbility testing (see A.2 for rationale)

7.1 Principle

Informatipn on durability and failure modes experienced in vitro is provided which can be comparedl to a reference
valve.

7.2 General

All heart alve substitutes to hentested shall be of quality suitable for human implantation. Befofe testing, each
heart valNe substitute shall have been sterilized by the process used or intended to be used by tHe manufacturer
during prpduction. If a heattyvalve substitute can be resterilized prior to implantation, it shall also pe subjected to
the recommended maxifum number of resterilization cycles using the method stated by the manufacturer.

7.3 Mepsuringequipment accuracy and testing fluid

7.3.1 The pressure-measuring system shall have a natural frequency of at least 1 000 Hz and § measurement
accuracy jof-ateast + 0,65 kPa (+ 5 mmHg).

7.3.2 All other measuring equipment shall have a measurement accuracy of at least +5 % of the full-scale
reading.

7.3.3 The fluid used for the test shall be appropriate for the purpose of the test.

7.3.4 Most mechanical and biological heart valve substitutes may be tested at room temperature, but mechanical
heart valve substitutes using flexible polymer leaflets or containing coatings shall be tested at 37 °C.

7.4 Test apparatus requirements
7.41 The apparatus shall produce a minimum peak pressure difference of 11,7 kPa (90 mmHg) across closed

aortic valves, and a minimum peak pressure difference of 15,6 kPa (120 mmHg) across closed mitral valves. These
pressure differences shall be maintained for 95 % of all of the test cycles.
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7.4.2 The apparatus shall produce full valve opening and closing during each cycle.

7.5 Test procedure

7.5.1 Conduct the test on at least three each of the largest, medium and smallest sizes of each type (aortic and
mitral) heart valve substitute. Test one equivalent-size reference valve under identical conditions, although it may
be tested in a separate testing machine. If the aortic and mitral heart valve substitutes are identical in configuration
except for the sewing ring, then test only in the mitral position.

7.5.2 During the test, examine each heart valve substitute at least every 50 x 106 cycles.

7.5.3 Continue the test until failure occurs or until at least 380 x 106 cycles (mechanical heart valve substitute) or
200 x 106 cycleptbiotogicat-heart vatve substituteHrave-beencompteted:

7.5.4 |f failure Joccurs, describe and document the modes of failure and their most probable cause(s);

NOTE — Failurds are characterized by structural damage and/or functional impairment. Examples of structural dgterioration
include holes, tgars, gross delamination, fraying, incomplete coaptation, fracture, excessive deformation, failfre of any
individual compgnent, other mechanical breakdown and/or wear. Examples of functional impairient include| increased
regurgitation andfor increased forward pressure difference across the valve.

7.6 Test repprt
The durability t@st report shall include:

a) a descriptipn of the fluid used for the test, including biological origin'or chemical components, temperature,
viscosity afd specific gravity under the test conditions;

b) a descriptipn and specification of the test and associated apparatus, including a schematic diagram of the
system;

c) the cycle rate (cycles/min);

d) a validatior] of the test method, by documentation of the pressure difference, expressed in kilopasdals and in
millimetreq mercury, across the heart valve substitute and across a reference valve of a corresponding size, as
described by pressure/time waveforms, and.appropriate visual recording of the opening and closing pf at least
one heart Jalve substitute of each tissueannulus diameter studied and of at least one reference valvg;

e) a detailed glescription of the appearance of the heart valve substitute at the completion of the test, of upon the
developmgnt of structural change’ and/or failure. Any damage shall be characterized using the appropriate
means, e.q. histology or surface-characterization. It shall be indicated if the valves were intact for the length of
the evaluafion.

8 Preclinical inwvivo evaluation (see A.3 for rationale)

8.1 Principle

Data are obtained pertaining to the claimed performance and unanticipated side effects of a heart valve substitute
in vivo.

8.2 Method
8.2.1 General requirements

a) The test heart valve substitute shall be evaluated in at least one of the anatomical positions for which it is
intended,;

b) the heart valve substitutes shall be of clinical quality, and of identical design and size; all reference valves shall
be of identical design and size;
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c) the same surgical techniques shall be used for the implantation of all of the heart valve substitutes (e.g. suture
technique, anatomical location and orientation);
d) animal welfare shall be addressed in accordance with the principles given in ISO 10993-2.

8.2.2 Test procedure

Implant animals of the same species, and preferably of the same sex and age, with test heart valve substitutes so
that at least six animals shall have survived a minimum of 20 weeks after implantation.

Implant at least two animals with a reference valve to serve as concurrent controls. Subject each animal in which a
heart valve substitute has been implanted to a post-mortem examination. Thus, the data shall include that obtained

from all a

The asse

nimals; those that do and those that do not survive this 20-week period.

ssment shall provide at least the following:

a) any gathological consequences to the major organs;

b) the haematological consequences of implantation;

¢) an epaluation of haemodynamic performance during or after the 20-week’implantation geriod, including
meagurements of the pressure difference across the heart valve substitute.at a cardiac index ¢f approximately
3 I/imin-m?2), the cardiac output and an assessment of regurgitation;

d) any ktructural change in the heart valve substitute (e.g. macroScopic damage, degeneratipn of materials,
defofmation and calcification).

8.3 Test report

The test

a)
inclu

visug

orga

b)

c)
acro
mea
occly

the
strug
appr
desc

a grq

the ¢
impl4
and |

the

eport shall contain:

ss and microscopic pathology report on gach animal in which a heart valve substitute
Hing any animal that did not survive forthe minimum post-implantation period; this rep
| records of the heart valve substitute™in situ and the results of any thromboembolis
ns; the cause of death shall be giveniif:the animal was not sacrificed;

escription and results of all bléed studies performed, including a statement of the time e
ntation and these studies;(blood studies shall include at least an evaluation of haemolys
lood chemistry;

ost-operative haemaodynamic performance of the heart valve substitute, including the pre
s the heart valge substitute expressed in kilopascals and in millimetres mercury,
Eurements expfessed in litres per minute, a quantitative assessment of regurgitation ang
der or leaflet\iiotion;

hppearance’ of the explanted heart valve substitute, including a visual record and an
tural thanges (e.g. macroscopic damage, degeneration of the materials, deformation and
bpriate, the functional status of the heart valve substitute shall be assessed by hydrody

was implanted,
brt shall include
m of the major

apsed between
is, haematology

ssure difference
cardiac output
visualization of

assessment of
calcification); if
amic testing as

each

whic

ibed in clause 6;

animal; this shall include documentation of the age of the animal at implantation;

h alter haemostasis);

unigue characteristics;

complications;

the names of the investigators and their institutions.

a detailed description of the animal model used, the rationale for its use and the pretest health assessment of
the name and dose of medication(s) received by the animal during the survival period (e.g. antibiotics or drugs
an assessment of the difficulty in surgical handling of the valve and accessories, including any unusual or

operative procedure, including suture technique, test heart valve substitute orientation and operative
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9 Clinical evaluation (see A.4 for rationale)

9.1 Principle

© SO

Where a clinical evaluation is deemed appropriate, data are obtained on the safety and performance of heart valve
substitutes under normal conditions of use, and the side effects and related risks of heart valve substitute
implantation in humans are determined.

9.2 General

For new heart valve designs, a clinical evaluation shall be carried out. For modifications of an existing valve, the
need for a clinical evaluation shall be considered and the rationale for any decision documented.

A rationale shal

The clinical stud

9.3 Number

The clinical eva
substitutes imp

NOTE — Each v
possible.

9.4 Number
A minimum of

mitral heart val\
position, a mini

NOTE — The te

9.5 Duratior

The study shall

be provided for deviation from any specified requirement of this section.

v shall be conducted in accordance with ISO 14155.

of institutions

uation shall be conducted at a minimum of five institutions. The minimum number of h
anted at any institution shall be 20 of each type being evaluated.

alve type (e.g. aortic or mitral) should be implanted in as broad a distfibution of tissue annulus di

of patients
50 recipients of isolated aortic heart valve substittites and a minimum of 150 recipients

num of 150 heart valve substitutes shall be evaluated in that position.

rm "“isolated" refers to recipients who have only-one heart valve substitute.

of the study

be continued for a minimum-0f*12 months after implantation of the last heart valve substit

9.6 Clinical data required

9.6.1 General

Clinical data sp
the institutions
haemodynamic
institutions.

beified in 9.6,2 to 9.6.5 shall be reported for all patients receiving the test heart valve su

evaluations should employ similar testing methods and protocols at each of the

eart valve

meters as

f isolated

e substitutes shall be evaluated. If the heart valvg'substitute is intended for implantation in only one

ute.

bstitute at

referred_t0 in 9.3. For operative and post-operative assessments only, blood stidies and

bvaluating

9.6.2 Identifyi

ng data

The following identifying data shall be collected:

a)
b) investigato

c)

patient's sex, date of birth and race (optional);

r's name;

name of institution.

9.6.3 Pre-operative data

The following p

16
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a) diagnosis and coexisting diseases;

b) New York Heart Association functional class3);

c) previous cardiovascular operations;

d) haemodynamic evaluation (invasive and/or noninvasive);

e) blood studies, including coagulation profile and tests for haemolysis;

f}  body surface area.

9.6.4 Operative data

The followfing operative data shall be collected:

a) diagngsis;

b) procefure(s);

c) date ¢f operation;

d) heart jvalve substitute model, type, size and serial number;

e) heart|valve substitute tissue annulus diameter;

f)  suturg technique;

g) heartvalve substitute positioning in relation to tissue annulus’ (e.g. supra-annular, sub-annular);
h) heart valve substitute disc/leaflet orientation;

i) complications, including operative mortality.

9.6.5 Follow-up data

Follow-up[data shall be collected within_three months of implantation of the heart valve substitute, at one year and,
with the ejkception of 9.6.5 c), annuallythereafter for the duration of the study (see 9.5).

NOTE — $tructural deterioration or nonstructural dysfunction may not occur in the early years after implantation; it is
recommengled that annual or bienhiatfollow-up be extended to collect long-term data.

The followling follow-up/data shall be collected:
a) date gnd method)of follow-up (e.g. telephone, letter or personal visit);

b) New Jork Heart Association functional class;

¢) haemodymarmc—evatuatiorr—byBoppter—echocardiography tsee—A5—for Tationatelor aftermative  acceptable
method;

d) blood studies, including coagulation profile and test for haemolysis;

e) dates of initiation and discontinuation of anticoagulant and/or antiplatelet therapy (type(s) of therapy shall be
specified);

f) incidence of systemic embolism and thrombotic dysfunction of the heart valve substitute;

3) For further information see Nomenclature and criteria for diagnosis of diseases of the heart and great vessels. The Criteria
Committee of the New York Heart Association, 8th ed., Little, Brown; Boston, 1979.
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gl complications, to include prosthetic valve endocarditis, structural deterioration and nonstructural dysfunction of
the heart vaive substitute inciuding paravaivuiar ieak and haemolysis, intracardiac thrombus, anticoaguiant-
related haemorrhage, systemic embolus, thrombotic dysfunction;

h) reports of electrocardiograms, chest X-rays and cardiac catheterization, if performed;

i) reoperation report(s);

i) explant analysis when available;

k) dateandc

ause of death;

) autopsy report when available.

9.7 Clinical

9.7.1 General

The report shal

bvaluation report (see A.6 for rationale)

tabulate the data coiiected in 9.6 and shall inciude:

a) names of the investigators and institutions;

b) analysis of

c) compariso

patient population by age, sex, race (optional);

n of pre-operative and post-operative New York Heart Association functional class;

d) pre-operative diagnosis of valvar and coexisting diseases, operative diagnoses, operative procedure
suture technique, operative complications;

e) model, type, size and tissue annulus diameter of the heart valve substitute;

f)  number of

months since implantation and type of follow=up;

g) results of haemodynamic evaluation [see 9.6.5 c)};

h) results of

blood studies and therapy [see 9.6'5.d) and 9.6.5 €)];

i) analysis oflcomplications [see 9.6.4 i),

) analysis of|reoperation reports, explant results, cause and date of death, and autopsy reports.

9.7.2 Method

The method o
Valvular Opera

a) an analysig

jons"4) and, shall include:

of survival rates and freedom-from-complication rates using actuarial technigues;

b) all deaths

5 including

f reporting shall conform to the “Guidelines for Reporting Morbidity and Mortality After Cardiac

i camnlicatinene \aith annranriata analycas and ratinnalg far thg analvsgs sgd-
SRe-CofRpHEaHE RS WP PFopHate-ahRaty o t i G+

¢) results in terms of

1) overall survival;

2) survival without complications;

3) survival without specific complications, including but not limited to valve thrombosis, systemic
embolism, anticoagulant-related haemorrhage, prosthetic valve endocarditis, structural deterioration of
the heart valve substitute, nonstructural dysfunction of the heart valve substitute, and reoperation.

4) Edmunds L.H. Jr., Cohn L.H. and Weisel R.D. Guidelines for Reporting Morbidity and Mortality After Cardiac Valvular

Operation. Ann.
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10 Pac

ISO

kaging, labelling and instructions

10.1 Principle

5840:1996(E)

Packaging, labelling and instructions shall be designed to ensure that the user is provided with the following:

a) a heart valve substitute whose characteristics and performance are unaltered by transit or storage;

b) information on handling and inserting the heart valve substitute;

c) apati

10.2 Pa

10.21 G

ent identification registration form.

[neral

The packdging shall maintain the characteristics and performance of the package contenfts) under

handling,
10.2.2 U

The heart
unit conta

10.23 O

ransit and storage, and shall permit the contents to be presented for use in af-aseptic ma
hit container

valve substitute shall be packaged in a unit container which shall bé«désigned so that any
ner seal is readily apparent.

uter container

The unit cpntainer shall be packaged in an outer container (sales package) to protect the unit contain

1024 S

Heart val

erility

e substitutes shall be supplied sterile within @t least the unit container. Sterilization sh

appropriate method and shall be validated in accordance with internationally recognized criter
ISO 11134, ISO 11135 and ISO 11137. If the manufaeturer states that the heart valve substitute can
prior to implantation, instructions shall be provided-by the manufacturer.

10.3 La

103.1 U

belling

hit-container labelling

Each unit pontainer shall be marked with word(s), phrase(s) or symbol(s) for:
a) the cpntents;
b) the ngme or tradename of the heart valve substitute;

c) the model, sizerand type of heart valve substitute;

d) then

he/tradename and address of the manufacturer and/or distributor;

Il conditions of
hner.

damage to the

all occur by an
a, as given in
be re-sterilized

e) the batch code (lot or serial number);

f)  sterile;

g) single use;

h) the method of sterilization;

i) the "Use before” date (year expressed in four digits and month expressed in two digits as specified in
ISO 8601:1988, subclause 5.2.1.2);

) awarning against use of the device if the unit container has been opened or damaged.
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10.3.2 Outer-container labelling

Each outer container shall be marked with the information specified in 10.3.1 as well as any applicable storage
instructions.

10.4 Instruction leaflet

Each heart valve substitute shall be accompanied by an instruction leaflet that shall inciude at least:

a) the information contained in 10.3.1 except e) batch code and i) the “Use before” date;

b) the internal orifice area expressed in square millimetres (see 3.10), the tissue annulus diameter expressed in

millimetres (see 3 28) the external sewing ring diameter expressed in millimetres (see 3 7) and the profile
height expressed in millimetres (see 3.18);

c) the indicatipns for use and any known contraindications;
d) any warnings regarding handling or implanting the heart valve substitute;

e) the details|of any precautions to be observed, including concomitant procedureS™or devices (e.g. placing
catheters afross the valve);

f) a statement concerning the risk of magnetic resonance imaging and any precautions to be observed for
patients who have the heart valve substitute;

g) an account|of techniques/instructions for handling or implanting the héart valve substitute;
h) a list of potential complications associated with implanted heart valve substitutes;

i) adescriptign of any accessories required and instructions fortheir use;

) any recom]hendations for storage;

k) the instrucfions for resterilization (if applicable), including the maximum number of resterilization cyclds;

4

I} any information or instructions which are intehded to be communicated from the physician to the patipnt;

m) the manufdcturer's name, address, teleghone number and facsimile number.

10.5 Patient|registration form

The manufactufer shall provide.Wwith each heart valve substitute a form or card which enables transfer pf patient
information to the appropriateyregistries. This form shall contain or make provision for recording at least:

a) the patient|s name a7 ID code, or hospital file number;

b) the name gnd address of the hospital;

c) the name oftHe-mplapting-surgeoh:

d) the name, address and telephone number of the physician in charge of post-operative care and medical follow-
up;

e) the date of implantation;
f)  the position of the heart valve substitute;
g) the model, size, type and serial number of the heart valve substitute;

h) the name, address, telephone number and facsimile number of the manufacturer.
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Annex A
(informative)

Rationale for the provisions of this International Standard

A.1 Rationale for material, component and valve assembly testing (see clause 5)

The asses
substitutes
qualitative
designed |

is to quantjfy the functional and safety aspects of heart valve substitutes and to look fof-potential fd

is the resp
ensure the

A.2 Ratjionale for in vitro testing (see clauses 6 and 7)

In vitro te
mechanicg
informatio
clinical stu
with all in

obtained filom such tests.

A.3 Rationale for preclinical in vivoe‘evaluation (see clause 8)

The object]
substitute
durability
of biologic
animal mo
the heart

A.4 Rationale for clinical evaluation (see clause 9)

bment of materials stability is a critical step for achieving long-term reliability/performancé
. This International Standard identifies a series of performance tests which serve-as q
indicators of the stability of materials and/or components used in heart valve substitutes. 4
b indicate component lifetime, through a fatigue or fracture mechanics approath:"Anothe

onsibility of the manufacturer to conduct all appropriate material and/or;component tests
safety of the heart valve substitute.

5ting of heart valve substitutes and/or their componefts: provides important informatio
| performance, design and durability of these devices under well-controlled test co
) is necessary to assure that basic safety and efficagy issues have been addressed prior
Hies. However, the direct translation of these resullts to in vivo performance is currently n
vitro tests, knowledge of the limitations of the‘test is of paramount importance in analys

ve of preclinical testing is to)aid in the evaluation of the performance characteristics of

which are not assessable) by in vitro testing. Thus, while it is not feasible to assess
f a heart valve substitute by using an animal model, valuable data on haemodynamic and

| performance canbé/obtained by implantation in an animal. It is recognized that no unifor
el has been estabilished. Therefore the animal model selected should be based on the ch
alve substitute and the experience of the investigators.

of heart valve
Lantitative and
bome tests are
test objective
ilure modes. It
to reasonably

h on the fluid-
nditions. Such
0 evaluation in
bt possible. As
ng any results

he heart valve
the long-term
ertain aspects
mMly acceptable
practeristics of

Data obtained from in vifro and preclinical in vivo evaluation cannot replace the evaluation of heart valve substitute
performance in human patients, where physiologic and metabolic factors can contribute to long-term survival and
freedom from complications. The objective of clinical evaluation is to obtain data on the safety and performance of
the heart valve substitute in humans. The clinical evaluation described in this International Standard represents a
first phase that involves a small number of patients and short duration of follow-up to detect early valve-related
problems without unduly delaying the general availability of new heart valve substitutes. Larger numbers of
patients followed for a longer period will be necessary for detailed statistical analysis of the incidence of
complications. The potential for late complications warrants long-term follow-up of the initial patient population.
Acceptance of a heart valve substitute after this first phase of clinical studies should be contingent upon a
commitment to prospective, comprehensive, long-term monitoring.
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A.5 Rationale for Doppler echocardiographic assessment [see 9.6.5 c]]

© ISO

Two-dimensional echocardiography and Doppler echocardiography are presently accepted as practical and available
methods for evaluating human cardiac function and the function of heart valve substitutes. The accuracy of these
diagnostic procedures depends upon the skill of the operator. Major efforts are being made to develop standardized
calibration techniques for the equipment and clinical protocols to assess the function of heart valve substitutes.
This is an area of intense scientific effort, but as yet there is no consensus. It is recommended that all investigating
institutions involved in the clinical evaluation of a specific heart valve substitute employ the same echocardio-
graphic protocol.

A.6 Rationale-fer-elinical-evaluationreporting{see-9-+4
The “Guidelines for Reporting Morbidity and Mortality After Cardiac Valvular Operations”, has’ dvolved by

international ¢
European Jou
of these guide

ines is to facilitate the analysis and reporting of results of operations on diseased cardiac

definitions and recommendations are designed to facilitate comparisons between different surgeon

techniques an
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nsensus, and has been accepted as guidelines to publication by the Annals of Thoracic Surgery, the
nal of Cardiothoracic Surgery, and the Journal of Cardiovascular and Thoracic Stirgery. The purpose

alves. The
5, cohorts,
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ISO 5840:1996(E)

Materials related to heart valve substitutes (see clause 4)

This list of materials is not intended to be comprehensive or to imply the material is "approved" for use. This list is

provided f

B.1 Sy

epoxi
fluorg
polya
polye
polya
polys
polyu
silicor

B.2 Bidg

bovin
bovin
porcin

collag

Dr reterence only.

thetic polymers

les
carbons
mides
bters
etals
Ilfones
ethanes

es

logical materials

b pericardium
b heart valve
e heart valve

en

B.3 Maetals

cobal

/chrome alloys

nicke

chrome alloys

stainless steels

tantal

um

titanium and titanium alloys

B.4 Ceramics

alumina

barium sulfate

barium chloride
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titanium oxide

zirconia

graphites

low temperature isotropic pyrolytic carbon
monolithic
composite

ultra-low temperature isotropic pyrolytic carbon

glassy carbon

B.5 Textiles

polyester
knit
wovepn
velouf knit
velouf woven
multifilament

polytetrafluoroethylene
knit
woven
expanded

perfluorodthylenepropylene

polypropylene

B.6 Coatings

passive
chemical or physical vapour-deposited material, e.g. carbon
hydrdphobic polymers
hydrdphilic palymers

active

anticpagulants

antimicrobials
negative surface charge

thrombolytics

B.7 Composites

carbon/carbon

carbon/polymers
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(informative)

5840:1996(E)

Physical and material properties of heart valve substitutes

and their components (see clause b5)

C.1 Geheral

This anne

heart valv
as they W

b substitute and/or its components. All measurements should be performed on ‘Materials

propertied should be evaluated when appropriate.

C.2 Bu

C21 C
A measur
C22 D

A measur

Ik physical properties

hemical composition

ement of the chemical composition and purity, including'any processing aids.
ensity

ement of the mass per unit volume, i.e. the compactness of a material.

C.2.3 Liquid diffusivity (porosity and permeability)

A measur

and fluid &

NOTE —

C24 M

A measu

resistancg

C25 M

A measur

ement of the ability of a material t6 absorb or adsorb biological components from the surr
nvironments.

This biological property may cause calcification and premature failure under certain stresses.

aterial hardness

ement of resiStarice to scratching or plastic deformation by indentation (generally r

).
icrostructure/morphology

enient of the size and shape of the grains, defects, voids, etc. of which the material is

tissue val

esZthis should include the cellular or collagen morphology

X provides a description of the physical and material properties which may be relévant tq characterize a

or components

ould be found in the finished product. This includes all subsequent treatménts after faljrication. These

bunding tissues

blated to wear

composed. For

C.2.6 Tear strength

A measurement of the force needed to initiate or continue tearing a sheet of fabric.

C.2.7 Young's modulus

A measurement of the mechanical stiffness of a material.

NOTE — As a tensile or compressive stress is exerted on a piece of material, it tends to elongate or contract. The ratio of the
applied stress to the percentage change in length (strain) is defined as Young's modulus. Young's modulus is needed in

theoretical

modelling of both the static and dynamic stress distributions anticipated in completed devices.
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C.2.8 Poisson's ratio

© SO

A measurement of the ratio of change in dimensions in the transverse direction to the longitudinal direction.

NOTE — When a piece of material is stretched or compressed longitudinally under a uniaxial load, it changes shape
transversely. As with Young's modulus, Poisson's ratio is needed to model the mechanical behaviour of completed devices.

C.2.9 Dynamic moduli

A measurement of the complex moduli (storage and loss moduli) that describe the mechanical behaviour of
viscoelastic materials.

C.2.10 Coefficient of thermal expansion

A measuremen

NOTE — This p

the part cools fr
size and magnit
residual stress ¢

t of the change in physical dimension with temperature.

bm the deposition temperature of 1300 °C to room temperature, the coating acquires ‘aJresidual

buld affect the strength of the material, the critical flaw size, and crack propagation rates.

C.2.11 Glass transition temperature

A measuremer

exists.
C.2.12 Melt

The number o

orifice in an allg

C.2.13 Melt
A measuremer
C.2.14 Hydr
A measuremer
C.2.15 Bios{

A measureme
environment.

C.2.16 Film t
A measuremer

NOTE — Techn

index

tted time by a specified pressure.

ng point

t of the temperature at which a solid material turns liquid.

aulic expansion

t of the dimensions of the material before and after exposure to water.
ability

nt of the change-irchemical composition of a material after exposure to a physi

hickness

t of thethickness of a film deposited on a substrate, averaged over the surface of the film

roperty is generally important only for composite parts such as pyrolytic carbon-coated graphite ocq

ide of which depend on the difference in thermal expansion between the substrate”and the cd

t of the characteristic temperature of a polymer system below<which long-chain mobility

grams of thermoplastic resin at a specified temperature that can be forced through a

luders. As
stress, the
ating. This

no longer

specified

logic-fluid

iques' for measuring thin-film thickness include profilometry and ellipsometry. In some cases, A

Liger depth

profiling can be bsed-

C.2.17 Percent elemental composition of a film

A measurement of the elemental composition of a film, expressed as a percentage.

C.3 Surface physical properties

C.3.1 General

All measurements should be performed on materials or components as they would be found in the finished
product. This includes all subsequent treatments after fabrication, e.g. sterilization.
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C.3.2 Critical surface tension
A measurement of the surface morphology of a biological implant.
NOTE — Surface roughness and chemical composition play a key role in how an implant interacts with the biological host.

Critical surface tension is a useful attribute for characterizing the surface of a solid material. The measurement is affected by
the surface's topology, chemistry and cleanliness. The measurements are related to the surface free energy of the material.

C.3.3 Surface roughness
A measurement of the microtopology of the component surface.

C.3.4 Surface chemical composition

A measurgment of the material composition within a few atomic layers of the surface.
NOTE — Variations in the chemicals present at the surface could affect how a material will react withthie hokt. The chemical

constituentp of the surface can be altered by manufacturing processes such as grinding, polishing) cleaning, sterilizing and
handling.

C.3.5 Surface charge and surface charge density

A measurgment of the type of charge (positive or negative) and the amount that can be bound to the surface of a
material.

NOTE — I has been suggested that surface charge can play an important role' il the biocompatibility of matefials.
C.3.6 Syrface resistance, R

A measurgment of the ratio of the bulk resistivity and film thickness:

Rsheet|= plt
where
p i the bulk resistivity, expressed in ghm-centimetres;

t g the sample thickness, expressed in centimetres.

NOTE — A typical method for determining the sheet resistance is the "four-point probe" method. Such measdirements should
be done at peveral places on the surface of the film to obtain an average sheet resistance value.

C.4 Mechanical and chemical engineering properties

C.4.1 General

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

C.4.2 Wear resistance

A measurement of the rate of the systematic removal of material as two surfaces move past one another.

C.4.3 Coefficient of friction

A measurement of the energy expended in moving two components past one another that are in intimate contact.
C.4.4 Peel strength

A measurement of the adhesion between different layers of a material, usually a lamellar composite.

NOTE — Lamellae could include thin surface layers used to change the chemical boundary conditions of a material.
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C.4.5 Flexural strength

A measurement of the stress level required to cause fracture in bending.

©1SO

NOTE — There usually is considerable variation in the measured strength among specimens in these tests. To ensure that
the data are representative of the true strength of the material, the results should be reported using an appropriate statistical

method.

C.4.6 Compressive strength

A measurement of the stress level required to cause fracture in compression.

NOTE —

method.

C.4.7 Tensi

A measurement of the stress level required to cause fracture in tension.

NOTE —
ensure that the
statistical meth

C.4.8 Tensi
A measureme
C.4.9 Strair

A measureme

NOTE — Strai

C.4.10 Resi
A measureme
C.4.11 Stre

A measureme

A measureme

condition.

There
the data are rep

Therd

[RRI-IAS

ucually is considerahle variation in the measured strenath amona snecimeng in thecs tacte T

ansure that

resentative of the true strength of the material, the results should be reported using an appropria

e strength

ustialhy
usuany

Hata are representativ
d

is considera variation in the measured strenath amona
IS consiaera lauen inthem ngth

TCasSuitTu SuT C1A102419

[«

e strain to failure (elongation)
ht of the amount of strain or elongation that a material(¢an tolerate just prior to fracture.
) energy to failure

nt of the energy needed to deform a material to the breaking point.

1 energy is a measure of the toughness of a'material, generally in the absence of a fatigue mechani

dual stress
nt of the stresses that remain’in a material after it has been fabricated.

ss relaxation

nt of ¢he nonrecoverable change in dimension of a material under a prescribed mechani

nt of the graduatchange in stress needed to produce a specified elongation or deformation|.

C.4.12 Creep

1ISUIC uiat

e statistical

f

tnate Ton
LTCOLOo. v

appropriate

m.

cal loading

C.4.13 Fracture toughness

A measurement of the resistance of a material to crack growth.

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

C.4.14 Crack growth velocity

A measurement of the speed and load conditions under which a crack will propagate through a material once it has

been initiated.

NOTE — The rates can be influenced by the residual stresses in the material.
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C.4.15 Fatigue life
A measurement of the number of times a material can be subjected to a load without fracturing.

NOTE — In general, there are two independent time components to fatigue failure. First is the crack initiation phase, when
repeated loading cycles weaken a material, usually through a defect coalescence process at a flaw site, until a critical flaw size
is reached and fracture occurs. Once a crack is initiated, the second, or crack growth, phase of fatigue begins. The crack
continues to grow under repeated loading conditions until the stress loading exceeds the fracture toughness, resulting in total
failure.

C.4.16 Stress corrosion potential

A measurement of the corrosion that could occur or become accelerated as a result of sustained stress, either
residual of applied.

C.4.17 Galvanic corrosion potential
A measurement of the corrosion that might occur between two dissimilar materials.

NOTE — An example of galvanic corrosion is the reaction between a pyrolytic carbon housing and a titanium fstiffening ring.

C.4.18 Fretting corrosion potential

A measufement of the surface damage that occurs between two-surfaces that are in close |contact, under
pressure,[and are subjected to slight relative motions.

C.4.19 Void concentration

A measurpment of the number of voids in a film (areas where'the film did not cover the substrate) per unit area.

NOTE — [The void concentration is specific to the void size\or range of sizes (e.g. a void concentration may be 100 voids of
diameter 1|um or less per square centimetre).

C.5 Vallve design parameters

C.5.1 Cpmputer modelling

A computer method for determining the maximum stress to which a part will be subjected.

NOTE — [This method should-fake into consideration the peak loads that are expected, including dynamic effécts.

C.5.2 Tissue annulus diameter and internal orifice area measurements
Measurement &f~the tissue annulus diameter (see 3.6) and internal orifice area (see 3.5).

C.5.3 Vialve impact and fatigue life

A measurement of the tolerance of the heart valve substitute to damage caused by the repeated cycling of the
occluder.

C.5.4 Static pressure; “burst” test
A measurement of the hydrostatic load at which failure, e.g. leaflet or orifice fracture or leaflet escape, occurs.

C.5.5 Orifice deflection

A measurement of the diametric and/or axial load on the orifice required to cause leaflet/occluder escape or bind-
up.
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C.5.6 Sewing ring push-off
A measurement of the strength of the sewing ring attachment to the heart valve substitute.

NOTE — Particular attention should be paid to the potential for the attachment mechanism to be damaged on insertion.

C.5.7 Sewing ring torque
A measurement of the torque required to rotate the valve within the sewing ring.
C.5.8 Suture retention strength

A measuremer;

+

o
ot

fibha bhaldins octranath Af an attachmaont citurg 1n thg sawina rina
tAEe-RoEeHRgG-SHeRgT-o+ g G-

C.5.9 Calcification (in vivo model)

A measurement of the rate and degree of calcification of the heart valve substitute in vivo.
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Standards applicable to testing of materials and components of heart valve

D.1 Mdtals

Specificati
ISO 5
ISO 5

ISO ¥4
4-van

ISO 5
alloy

ISO §
nicke

ISO §
molyh

ISO §

SO §
molyh

Tensile te
ASTM
ASTM

Poisson's

ASTM

substitutes (see clause b)

ons for materials for metal surgical implants:
B32-1:1987, Implants for surgery — Metallic materials — Part 1: Wrought stainless steel

B32-2:1993, Implants for surgery — Metallic materials — Part 2: Unalloy&dtitanium

bdium alloy

alloy

denum alloy

832-8:1987, Implants for sutgery — Metallic materials — Part 8: Wrought cobalt-ni
denum-tungsten-iron alloy

5t with extensometer to-failure

E8-95, Test methods for Tension Testing of Metallic Materials

E111-88, Test-Method for Young's Modulus, Tangent Modulus, and Chord Modulus
ratio

E182-92, Test Method for Poisson’s Ratio at Room Temperature

832-3:1990, Implants for surgery — Metallic materials — Part 3: Wrought titaniuin 6-aluminium
832-4:1978, Implants for surgery — Metallic materials — Rart\4: Cobalt-chromium-molybdenum casting
832-5:1993, /mplants for surgery — Metallic materigls — Part 5: Wrought cobalt-chromium-tungsten-
832-6:1980, Implants for surgery — Metallic) materials — Part 6: Wrought cobalt-nitkel-chromium-

832-7:1994, Implants for surgery — Metallic materials — Part 7: Forgeable and cold{formed cobait-
chromium-nickel-molybdenum-iron alloy,

ckel-chromium-

Fatigue crack initiation and endurance Timit; S-N curves

ASTM E466-82, Practice for Conducting Constant Amplitude Axial Fatigue Test of Metallic Materials

ASTM E468-90, Practice for Presentation of Constant Amplitude Fatigue Test Results for Metallic Materials

ASTM E739-91, Practice for Statistical Analysis or Linearized Stress-Life (S-N) and Strain-Life (O-N) Fatigue

Data

Fatigue crack growth rate; crack growth velocity

ASTM E647-95, Test Method for Measurement of Fatigue Crack Growth Rates
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