INTERNATIONAL ISO
STANDARD 5840-2

Second edition
2021-01

Cardiovascular implants =<'Cardiac
valve prostheses —

Part 2:
Surgically implanted heart valve
substitutes

Implants cardiovasculaires — Prothéses valvulaires —

Partie 2: Prothése@dalvulaires implantées chirurgicalemenit

Reference number
ISO 5840-2:2021(E)

©1S0 2021



https://standardsiso.com/api/?name=4a8a195cbdcaf11dd55e23dba824e1ef

ISO 5840-2:2021(E)

COPYRIGHT PROTECTED DOCUMENT

© IS0 2021

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

ISO copyright office

CP 401 ¢ Ch. de Blandonnet 8

CH-1214 Vernier, Geneva

Phone: +41 22 749 01 11

Email: copyright@iso.org

Website: www.iso.org

Published in Switzerland

ii © IS0 2021 - All rights reserved


https://standardsiso.com/api/?name=4a8a195cbdcaf11dd55e23dba824e1ef

ISO 5840-2:2021(E)

Contents Page
FOT@WOT .........oocccc e85 55858555555855 8 5555 \%
IIMETOUICEION. ..ot vi
1 S0P ... 1
2 Normative references
3 Terms and definitions
4 Abbreviations
5 Fundamental reqUir€ments. ...l e 4
6 DeVICE A@SCIIPTION ... e
6.1 LT3 01=) - OSSR DA,
6.2 Intended use......
6.3 Design inputs
6.3.1  Operational specifications...................
6.3.2  Performance specifications..........cccc.
6.3.3  Packaging, labelling, and sterilization.....
6.4 DESIZN OUEPULS ...ooovvoiviiciecc e St st
6.5 Design transfer (manufacturing verification/validation)...........ccen
6.6 Risk Management ... S oo
7 Design verification and validation ... e
7.1 General requirements
7.2 IN VIEFO QSSESSIMIENT ..o g st
721 GOIETAL e 8
7.2.2  Test conditions, sample sélection, and reporting requirements
7.2.3  Material property asseSSINENT ...
7.2.4  Hydrodynamic performance asSeSSMENT ...
7.2.5  Structural performance assessment.......
7.2.6  Design- or pracedure-specific testing.
7.2.7  Device MRI compatibility ...
7.2.8  Simulate@uSe.......ccooomorosiirssieresinnns
7.2.9  Humanfactors/usability asseSSmMent ...
7.2.10 Implant thrombogenic and haemolytic potential assessment.................
7.3 Preclinical i VIVO evaluation ...
7.3.1 ~General......o,
7.3.2_ )~ 0Overall requirements.....
7.33> Methods......
73.4  Testreport..
7.4 Clinical investigations
A S €Y 4 V=) - OSSO
7.4.2  StUAY CONSIATATIONS ...oooioroeeieeeeiieee e
743 Study endpoiTts
WA S 211 1§ Uor=Y B o0} 3 15 U 1<) o U (0] USSR
7.4.5  Pivotal studies: Distribution of subjects and investigators..........ccen
7.4.6  Statistical considerations including sample size and duration
7.4.7  Patient selection Criteria ...
7.4.8  Valve thrombosis prevention
7.4.9  Clinical data rEQUITEIMEIITS ...
Annex A (informative) Surgical heart valve substitute hazard analysis example.................c. 22
Annex B (informative) In vitro procedures for testing unstented or similar valves in
COMPUANT CHAIMBIGI'S . ... 24
Annex C (informative) Preclinical in vivo eValuation ... 26
Annex D (informative) Description of the surgical heart valve substitute and system................... 29

© 1S0 2021 - All rights reserved iii


https://standardsiso.com/api/?name=4a8a195cbdcaf11dd55e23dba824e1ef

ISO 5840-2:2021(E)

Annex E (informative) Examples of components of some surgical heart valve substitutes

ATUA SYSTEINNS ... 31
Annex F (informative) Guidelines for verification of hydrodynamic performance —

PUlSatile fIOW BESTIIG ...t 37
Annex G (informative) Examples of design specific teSting ... 41
Annex H (informative) FatiGue aSS@SSIMIEIIE ...t 43

Annex I (normative) Methods of evaluating clinical data against objective performance criteria.45

Annex J (normative) Adverse event classification during clinical investigation ... 46

Bibliograp

iv © IS0 2021 - All rights reserved


https://standardsiso.com/api/?name=4a8a195cbdcaf11dd55e23dba824e1ef

ISO 5840-2:2021(E)

Foreword

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

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

This document is used in conjunction with ISO 5840-1 and ISO 5840-3.
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rally requiring cardiopulmonary bypass and generally with direct visualization/ See |
hples of surgical heart valve substitutes and their components.

document is applicable to both newly developed and modified surgicalkheart valve sub
e accessory devices, packaging, and labelling required for their implantation and for ¢
ppropriate size of the surgical heart valve substitute to be implanted:

document establishes an approach for verifying/validating(the design and manuf

and methods are derived from the risk assessment. The’tests can include those tdg
ical, chemical, biological, and mechanical properties:of* surgical heart valve substit
materials and components. The tests can also include'those for pre-clinical in vivo ev3
cal evaluation of the finished surgical heart valve.substitute.

document defines operational conditions andperformance requirements for surgical
titutes where adequate scientific and/or clittical evidence exists for their justification.

some heart valve substitutes (e.g. sutureless), the requirements of both this dod
b840-3:2021 can be relevant and are gonsidered as applicable to the specific device deg
d on the results of the risk analys3is.

Normative references

titutes requirements of this document. For dated references, only the edition cited

b84.0-1:2021,‘Cardiovascular implants — Cardiac valve prostheses — Part 1: General requ

5840-3;~Cardiovascular implants — Cardiac valve prostheses — Part 3: Heart valve
nnted\by transcatheter techniques
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document is applicable to heart valve substitutes intended for implantation-fnyHuman hearts,
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following document$ are referred to in the text in such a way that some or all of their content

hpplies. For

ited references;the latest edition of the referenced document (including any amendments) applies.

rements

substitutes

ISO 1

Q902 9 Dy
U 77T DU

)

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

ISO 14630, Non-active surgical implants — General requirements

[SO 16061, Instrumentation for use in association with non-active surgical implants — General requirements

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 5840-1:2021 and the
following apply.
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ISO and IEC maintain terminological databases for use in standardization at the following addresses:

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

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

31

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

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

the duration

3.2
chronic ass
long-term r
the animal

of the study.

essment
esults following the procedure used to assess chronic in vivo safety and perfeymance
has recovered from anaesthesia

Note 1 to enfry: The endpoints and durations of these studies should be determined by risk-analysis.

3.3
componen{
material su

valve system

[SOURCE: I

3.4
external se
ESRD
outside dia

-joining material
Ch as a suture, adhesive, or welding compound used to assemble the components of a i

0 5840-1:2021, 3.31]

wing ring diameter

eter in millimetres of the sewing ring at thélargest point

Note 1 to enfry: See Figure 1.

Note 2 to enffry: See also 3.5, 3.7 and 3.8.

3.5

prosthesis
<flexible su
flexible sur
taking the ¢

Note 1 to en
Note 2 to en

3.6
prosthesis
<rigid surg

|

minimum internal diameter

Irgical heart valve> nuniepical indication of the minimum diameter within a fully assem
pical heart valve sulistitute and which is measured with a standard validated proceq
ntire flow channel'ifito consideration

ry: See Figure-Is
ry: See also,3.2 and 3.4.

minimum internal diameter

hfter

eart

bled
lure,

e

Note 1 to entry: See Figure 1.

Note 2 to entry: See also 3.2 and 3.4.

3.7

intra-annular
wholly or partially within the patient’s annulus

Note 1 to entry: See Figure 1.

Note 2 to entry: See also 3.4, 3.5 and 3.8.
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%

%

1 1 1
2 2 2
3 3 3
a) Aortic/pulmonic b) Aortic/pulmonic ) Mitral/tricul;spid
intra-annular supra-annular intra-annular
Key
1  prosthesis minimum internal diameter
patient annulus diameter
3 pxternal sewing ring diameter
Figure 1 — Designation of dimensions of surgical heart valve substitute sewing ring

configurations

3.8
supra-annulus
regipn wholly above the patient’s annulus

Note|1 to entry: See Figure 1.

Note|2 to entry: See also 3.4, 3.5, and 3.7.

patient annulus diameter

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

3.1
valve size
designated valve,size

annylus diameter

Note|1 telentry: The valve size is equivalent to the PAD (3.9).

Note :
annulus and the suture technique.

4 Abbreviations

For the purposes of this document, the following abbreviations apply.

AE adverse event
CIP clinical investigation plan
CRF case report form

© IS0 2021 - All rights reserved
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CT computed tomography

EOA effective orifice area

FEA finite element analysis

[FU instructions for use

LVOT  left ventricular outflow tract
MRI magnetic resonance imaging
OPC objective performance criteria
PMCF  popt-market clinical follow-up
PVL pafavalvular leak

RMS ropt mean square

SAE serious adverse event

TEE trgnsoesophageal echo

TTE trdnsthoracic echo

5 Fundgmental requirements
Refer to ISJ 5840-1:2021, Clause 5.

6 Device description

6.1 Gendral

Refer to IS 5840-1:2021, 6.1.

6.2 Intended use

Refer to IS( 5840-1:2021,,6.2.

6.3 Design inputs

6.3.1 Operational specifications
Refer to ISO58240-1:2021, 6.3.1.

6.3.2 Performance specifications

6.3.2.1 General

Refer to ISO 5840-1:2021, 6.1 for general requirements.

6.3.2.2 Surgical heart valve substitute minimum performance requirements
Surgical heart valves shall meet the following minimum performance specifications:

— allow forward flow with acceptably small mean pressure difference;

© ISO 2021 - All rights reserved
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6.3.2.3 Accessories

The

valve accessories shall mitigate the risk of the valve being'inadvertently implanted upside d

Examnples of surgical valve accessories, including sizing tools and valve handles, are shown

6.3.2.4 Implant procedure

Refer to SO 5840-1:2021, 6.3.3.

6.3.3 Packaging, labelling, and sterilization

Refer to ISO 5840-1:2021, 6.3.4.

In a

implant shall include in‘diagrammatic and/or tabular form the following items:

Ann

ISO 5840-

prevent retrograde flow with acceptably small regurgitation;
resist embolization;

avoid haemolysis;

resist thrombus formation;

be biocompatible;

be compatible with in vivo diagnostic techniques;

2:2021(E)

€ deliverable and implantable in the target population;
be able to ensure effective fixation within the target implant site;
have an acceptable noise level;
have reproducible function;
aintain structural and functional integrity during the expected liféetime of the device;

aintain its functionality and sterility for a reasonable shelf lifeprior to implantation.

requirements of ISO 16061 for instruments used with-surgical implants shall apply. Su

Hdition to the items(specified in ISO 5840-1:2021, C.1.3, outer container labelling fq

ntended valve\to be replaced;
ntended/pgsition in relation to the annulus;
nflewrinternal orifice diameter;

rosthesis minimum internal diameter:

rgical heart
own.

n Annex E.

r the valve

external sewing ring diameter (ESRD).

ex D contains a list of terms that may be used in describing various valve models.

6.4

Design outputs

Refer to ISO 5840-1:2021, 6.4.

6.5

Design transfer (manufacturing verification/validation)

Refer to ISO 5840-1:2021, 6.5.
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6.6 Risk management
Refer to ISO 5840-1:2021, 6.6.

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

7 Design verification and validation

7.1 General requirements

In vitro aspessment shall be used to mitigate the risks identified in the risk analysis. Gerlneral
requirements that are applicable to all heart valve systems are provided in ISO 5840-4:2021[ 7.1.
Specific corlsiderations for surgical heart valve substitutes are provided in this document:

7.2 Invitro assessment

7.2.1 General
Refer to 1S 5840-1:2021, 7.2.1.

7.2.2 Test conditions, sample selection, and reporting requirements

Refer to 1S(Q 5840-1:2021, 7.2.2.

7.2.3 Material property assessment

Refer to 1S( 5840-1:2021, 7.2.3.

7.2.4 Hydrodynamic performance assessment

Hydrodynamic testing shall be performed to provide information on the fluid dynamic performpnce
of the surgjcal heart valve substitute.ISO 5840-1:2021, Annex I provides guidelines for condugting
and reporting steady hydrodynamic)tests. Guidelines for conducting and reporting of pulsatile
hydrodynamic tests are provided.ih Annex F. For pulsatile flow testing, the performance of the
pulse duplicator shall be characterized. Refer to F.2.2.2 for guidelines related to pulse dupli¢ator
characterizption. The measurement accuracy and repeatability of the test system(s) shall be evalufated
and documpnted. The hydrodynamic waveforms produced by the pulse duplicator shall reasornably
simulate plysiological €onditions. Representative waveforms used to generate hydrodynamic|test
results shall be documented in the test report. Reference [11] provides characteristics of reasorjable
aortic and rhitral waveforms.

Tests shall be.Carried out on at least three surgical heart valve substltutes of each size and on at |east
. 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 1 and Table 2, which are given as a function of valve size. The minimum performance requirements
correspond to the following nominal pulsatile-flow conditions: beat rate = 70 cycles/min, simulated
cardiac output = 5,0 1/min, and systolic duration = 35 %, at normotensive pressure conditions, as
specified in ISO 5840-1:2021, Table 3 or Table 4. These pulsatile flow conditions are based on a healthy
normal adult and might not be applicable for paediatric device evaluation (see ISO 5840-1:2021,
Annex E for paediatric parameters). The minimum performance requirements are based on values in
the published scientific literature. The values in Table 1 and Table 2 are applicable to new or modified
heart valve substitutes which have not been clinically proven or evaluated under previous versions of
the ISO 5840 series.

6 © IS0 2021 - All rights reserved
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For pulmonary and tricuspid heart valve substitutes and paediatric devices, minimum performance
requirements are not provided; however, the manufacturer shall justify the acceptability of
hydrodynamic performance of the devices.

Additional hydrodynamic characterization testing shall be conducted over a range of test conditions
as described in Annex F, F.2.3.2 and F.2.3.3. This testing is for characterization purposes only without
corresponding minimum performance requirements.

Table 1 — Minimum device performance requirements, aortic

Valve size
Parameter mm
17 19 21 23 25 27 29 31
EOA|(cm?) greater than or equal to 0,70 0,85 1,05 1,25 1,45 1,70 1,95 2,25
ol segaratant tactionDoctormard] 10 [ 0 | 0 [0 |15 [ @] o

Table 2 — Minimum device performance requirements, mitral

Valve size
Parameter mm
23 25 27 29 31 33
EOA| (cm?) greater than or equal to 1,05 1,25 1,45 1,65 1,90 2,15
et acion Oiofforward | 35 | 5 s | w0 | w0 | |2

The [total regurgitant fraction shall include closing*volume and leakage volume (see ISO 5B40-1:2021,
Figulre 2). For traditional surgical valve designs-with a sewing ring, the ring fabric may e sealed to
prevlent paravalvular leakage during testing, For novel surgical valve designs without a $ewing ring
(e.g.|sutureless), sealing shall be justified and paravalvular leakage volume shall be inclpded in the
leakhge volume.

7.2.5 Structural performanceiassessment

7.2.5.1 General

An 3ssessment of the dbility of the surgical heart valve substitute to withstand the lqads and/or
defofmations to whick/it will be subjected shall be performed in order to evaluate the risk$ associated
witH potential structural failure modes.

7.2.5.2 Implant durability assessment

The requirements of ISO 5840-1 shall apply.

7.2.5.3 Device structural component fatigue assessment

The requirements of Annex H and of [SO 5840-1 shall apply.

7.2.5.4 Component corrosion assessment

The requirements of ISO 5840-1 shall apply.

7.2.5.5 Cavitation (rigid valves)

An assessment of the potential for cavitation as indicated by the formation of vapor bubbles during
valve closure shall be considered for rigid valves. Assessment of cavitation damage shall be performed
by a detailed examination of study valves used in the preclinical in vivo study and in the simulated long-

© IS0 2021 - All rights reserved 7
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term in vitro study (i.e. durability assessment). The in vitro cavitation assessment shall be performed by
characterization of the smallest and largest valve sizes in terms of any observed damage and the extent
of damage compared to the appropriate reference valves.

7.2.6 Design- or procedure-specific testing

7.2.6.1 General

See Annex G for examples of design specific or procedure specific testing to be considered. The
manufacturer shall define all applicable requirements based on the results of the risk assessment for
the specific

| H | H
UCVICCTUCSTSIT:

7.2.6.2 Visibility

The ability]
modalities

to visualize the implanted device using the manufacturer’s recommended imaging
e.g. fluoroscopy, MR], CT, echocardiography) shall be evaluated.

7.2.7 Deyice MRI compatibility

Refer to IS( 5840-1:2021, 7.2.7.

7.2.8 Simulated use

The requirgments of ISO 5840-1:2021, 7.2.8 shall apply.

The model §
implant sitg
device anc}

hall consider anatomical variation in intended patient population with respect to inte}
as well as physiological factors (e.g. temperature effects, pulsatile flow). In the case w|
oring relies on specific interactions with the native anatomy (e.g. annulus, aortic r

nded
here
pot),

testing of t
parameters

he interactions shall be included in the simulated use evaluation. Justification for critical
of the simulated use model shall be previded.

7.2.9 Hujnan factors/usability assessment

The requirgments of ISO 5840-1:2021, Z.2:9 shall apply.

7.2.10 Implant thrombogenic and’haemolytic potential assessment

The requirgments of ISO 584-0-12021, 7.2.10 shall apply.

7.3 Preclinical in vivo evaluation

7.3.1 General

The general requirements of ISO 14630 shall be considered.

7.3.2 Overall requirements

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

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

© ISO 2021 - All rights reserved
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The preclinical in vivo evaluation shall:
a) evaluate the haemodynamic performance of the surgical heart valve substitute;

b) assess the surgical handling characteristics of the test surgical heart valve substitute and its
accessories (if any);

c) assess the biological reaction to the surgical heart valve substitute; consideration shall be given
but not limited to the following items:

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

) haemolysis;

B) thrombus formation;

1) embolization of material from the heart valve substitute;
b) biological response (e.g. inflammation, rejection);

b) calcification (flexible valves);

/) acoustic characteristics (rigid valves), if the manufacturer is;making specific acoustic claims;
B) structural valve deterioration and/or non-structural valve dysfunction;
D) cavitation (rigid valves);

d) mimic, as closely as possible, the condition of the’finished product as intended for ¢linical use,
ncluding exposure to process chemicals and thésmaximum number of allowed sterilization cycles;

e) pvaluate the test surgical heart valve substitdte in all positions for which it is intended| (e.g. aortic,
mitral);

f) pubject comparably sized control surgical heart valve substitutes to identical test conditions as the
fest surgical heart valve substitute;

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

h) pe performed by appfopriately experienced and knowledgeable test laboratories;

i) pddress animal welfare in accordance with the principles given in ISO 10993-2.

7.3.3 Methods

Guidance onithe conduct of in vivo preclinical evaluation and a series of tests which canf be used to
addiess‘the relevant issues are given in Annex C. The intent of these studies is to mimic ds closely as
posdible the clinical use and haemodynamic performance of the surgical heart valve substitute. It is
recognized that adverse events arising after valve implantation can be attributed to the implanted
valve, the procedure, and/or the environment into which it is implanted, including interactions among
these. Therefore, adverse clinical events arising during or after valve implantation shall be carefully
analysed and interpreted in order to identify the cause of the adverse event to the extent possible.

The investigator should seek to control as many variables as possible within each study arm (e.g. species,
gender, and age). The test surgical heart valve substitute shall be assessed in anatomical positions
for which it is intended to be used clinically. Animals suffering from perioperative complications not
related to the heart valve substitute may be excluded from the group of study animals with appropriate
justification, but information about them shall be reported.

The number of animals used for implantation of test and control surgical heart valve substitutes and
study endpoints shall be justified for each test based on the risk analysis.

© IS0 2021 - All rights reserved 9
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For all studies, the specified duration of the observation period of the animals shall be justified
according to the parameter(s) under investigation. New devices (e.g. new design or novel blood-
contacting materials) require an extended duration of the observation period (not less than 140 days).
A minimum duration less than 140 d may be suitable for evaluating minor modifications of an existing
surgical heart valve system, such as investigations of healing. Any pre-clinical investigation with a
designated endpoint of less than 140 d requires a justification with rationale as to why a longer survival
period was not attempted.

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

The study shall provide at least the following:
a) invivo ¢valuation of the final device and system design;

b) any defectable pathological consequences involving the surgical heart valve substitute and/or
the major organs, including but not limited to: post-implantation changes in shiape or structfural
comporents, thrombo-embolic phenomena, pannus formation, and inflammatory responses;

c) any detlectable structural alterations (macro- or microscopic or radiographic) in the surgical Heart
valve spibstitute (e.g. damage, support structure fracture, material degeneration, changes in shape
or dimgnsions);

d) serial Blood analyses performed pre-operatively, at appropriately justified intervals during the
observation period, and at termination to assess haemolysis, abnormalities in haematology| and
clinicallchemistry parameters;

e) implanfation characteristics, including but not limited to usability, handling characteristics|and
sizing technique;

f) haemodynamic performance over a range of cardiac indices (e.g. 2,5 I/min to 6,0 I/min);
g) any parjavalvular leakage (PVL);
h) adversg clinical events, (e.g. myocardial infarction, significant cardiac arrhythmias, infection);

i) any other system or procedure related complication or events.

7.3.4 TeI report

The test lalhoratory shall¢produce the test report, which shall include a summary assessment of the
data genergted during‘the course of the investigation. The test report shall include the complete
study protdcol. All data generated from the preclinical in vivo evaluation shall be incorporated|into
a comprehgnsive test report. The report should include the results generated by tests describgd in
Annex C.

The test ref ortshallinclude the Fn”nulihg-

a) identification of each valve used (product description, serial number, and other appropriate valve
identification);

b) detailed description of the animal model used and the rationale and justification for its use; the
pre-procedural assessment of each animal shall include documentation of health status as well as
gender, weight, and age of the animal;

c) description of the operative procedure, including implant technique, test surgical heart valve
substitute orientation, valve position, and operative complications;

d) description of the pre-procedural and post-procedural clinical course of each animal including,
clinical observations, medication(s), and interventions used to treat adverse events; a description of,
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e)
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and a justification for, any anticoagulation or antiplatelet drug regimen used as well as
level monitoring methods;

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

2:2021(E)

therapeutic

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

g)

h)

j)

7.4
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for survival studies, the study pathologist’s report that includes gross and radiographic ¢
hnd histopathology findings for each explanted surgical heart valve substitute,incl
photographs of the device and surrounding tissue, for each explanted heart valye subst]

for survival studies, detailed full necropsy reports for each animal in, the 'study that
hssessment of the entire body (e.g. thromboembolism or any other adverse effects asg
faused by the heart valve substitute);

serious adverse events generated by evaluations describeddn Annex C, as well as devi
Lhe protocol and their significance, shall be addressed.

Clinical investigations

General

requirements of ISO 14630 and ISO 14155 shall apply. Clinical investigations shall be
ew surgical heart valve systems and expanded indications for use. For modifications of
t valve system, if a determination is made based on the risk analysis that clinical invest
equired, scientific justification addressing safety and effectiveness shall be provided.
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effectiveness (e.g. novel blead-contacting materials, changes that alter the flow chara
hodynamics, changes thataffect the mechanical loading on the valve).

The studies shatl.ificlude an assessment of adverse events related to risks arising f1
le surgical heartvalve system and from the procedure. The clinical investigation s
procedure, péri-procedure, and follow-up data from a specified number of subjects,
w-up appropriate for the device and its intended use. The clinical investigation progran;
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ling for the device.

xamination
hding gross
itute;

includes an
umed to be

summary of all data generated from all animals during the course.of the investigation, i particular,

ations from

performed
an existing
jgations are

t the safety
rteristics or

cal investigations shall be designed to evaluate the surgical heart valve system for its intended

om the use
hall include
pach with a
me shall be
he intended

wlhitcac of o ol ool o oo pilaetanhaca (o g fioct 10 o oo

roieallizr ol da o
PIIasST S Ot a—ErHitcar PTrogTarTTc \,_y pPrearry mcroatcTa ylnu\, pPrrasST—(Cs 5 HStH a6

feasibility

studies), a pivotal phase (studies to support market approval), and a post-market phase. Humanitarian
use (e.g. compassionate use, emergency use, special access) is a separate process and is not considered
part of the clinical programme. A series of patients receiving a novel device under humanitarian use
shall not be used as a substitute for any clinical investigational study. Prior to embarking on a pivotal
clinical investigation, pilot phase studies shall be considered to provide initial information regarding
clinical safety and device performance. The information derived from the pilot phase may also be used
to optimize the surgical heart valve system and patient selection prior to initiation of a larger clinical
investigation following further pre-clinical testing. A scientific justification shall be provided if pilot
phase studies are not to be undertaken.

A pivotal clinical investigation shall be designed to ensure:

a)

the presence of a well-defined, clinically relevant question;
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b) anacceptable level of risk-benefit for the patient considering the available alternatives and standard
of care;

c) an appropriate study design to answer the clinical question, including a well-defined patient
population, study endpoints and duration.

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

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

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

c¢) randonjised trial results can promote adoption of effective therapies.

For clinical|investigations to serve as a basis for market approval, there should be sufficient data to
support safety and effectiveness. These studies should include a statistical methadglogy, specific
inclusion/exclusion criteria, use of accepted endpoint definitions, a rigorous method of colle¢ting
informatior] on defined case report forms, a rigorous system to monitor the dataycollection, defiined
follow-up irfjtervals, and complete follow-up of the study populations.

7.4.2 StlJiy considerations

The decisign to use a medical device in the context of a particulainglinical procedure requireg the
residual risk to be balanced against the anticipated benefits of the procedure or the risk and anticipated
benefits of alternative procedures. The requirements of ISO 14971yshall apply.

With surgidal heart valve systems, haemodynamic performaince and those adverse events which are
directly related to the device or procedure should be measiired to assess risk (e.g. coronary obstrucftion,
LVOT obstrjiction). Haemodynamic and clinical performiance including adverse events may also depend
on factors dther than the device itself, including:

a) patient/comorbidities;
b) the underlying pathological process and.whether it continues to progress;

c) whethdr the degree of functionaliimprovement achieved is sufficient to prevent progressive
deteriofation in cardiac function:

d) technicpl factors involved insimplantation;
e) appropriate selectionof available sizes and/or shape configurations;
f) the potpntial for adverse haemodynamic effect.

See Annex J|for mére information about adverse events.

Imaging aspessment is an essential aspect of the Cllmcal investigation for patlent selectlon device
placement, a ¢ ¢ 37 ATmex G).
To ensure optlmal anatomical evaluatlon dev1ce p051t10n and functional assessment, multlple imaging
modalities [e.g. TEE, TTE, CT, MRI, fluoroscopy, positron emission tomography (PET)] may enhance
assessment and shall be used where applicable. The latest imaging guidelines from professional
societies should be followed in performing these imaging procedures to ensure the quality of images.
Clinical site training and certification shall be conducted before enrolment in collaboration with the
independent core laboratory (see Reference [9]). Imaging follow-up time points shall be specified, and
justified, and the follow-up should be complete as specified in the CIP.

The CIP shall clearly define the objectives of the study and specify safety and effectiveness endpoints
(see Annex ] and ISO 5840-1:2021, Annex L). The CIP shall specify all anticipated study-related
adverse events, including device and/or procedure-related adverse events, in accordance with Annex ]
and published definitions. The definitions of the outcome measures should be consistent with those
described in this document to allow comparability of heart valve systems. The study design shall
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include a pre-specified statistical analysis plan and success criteria (e.g. new devices should meet the
objective performance criteria).

Studies should employ measures to minimise bias. Study designs may vary depending on the purposes
of the assessment and/or the technology (novel technology versus modification to well-established
device). Study populations shall be representative of the intended post-market patient population,
including aetiology and pathology. Further, studies shall be designed to ensure collection of all CIP
specified follow-up information in all subjects entered into the study unless subjects specifically
withdraw consent for follow-up. For patients who withdraw consent, follow-up ends at the time of the

withdrawal. However, depending on local legal requirements, additional follow-up may be o

The manufacturer ESponsible 10T ensuring collection of appropriate information. €
shall| be consistent with the aims of the CIP. For a given study, the CIP and data collection fq

be standardized across institutions and investigators.

Study monitoring shall be conducted in accordance with ISO 14155. To ensure_ patient safe
monfitoring plan shall be established. Study oversight shall be provided by an independent
monfitoring board (DSMB)/independent medical reviewer (IMR) for evaluatién of patient s
conduct and progress, and when appropriate, efficacy. The monitoringeard is empower

shal] be reported in accordance with the CIP ineluding operative or post-mortem €
phoffographs of the device in situ and after explant..The CIP shall include an explant pathold
with detailed instructions for evaluation by ansndependent cardiac pathologist (includin
or ppst-mortem examination photographs) and‘instructions for the return of the explante
the manufacturer, where appropriate. Wheever feasible, the explanted device shall be 3
apptjopriate functional, imaging and histopathological investigations. In the event of su
valupble information about implanted:devices can be obtained by post-mortem examin

shoyld be encouraged whenever possible.

The following considerations apply for pilot phase studies:

a) pilot phase studies are”exploratory in nature and may not require pre-specified
hypotheses; robustinterpretation of the results and their generalizability is usually lin
Lhe small number.of subjects and participating clinical investigators;

b) the consent process shall inform the subjects of the pilot phase nature of the study and
pptions including other approved devices;

c) |imitation on the rate of enrolment (e.g. evaluation of acute outcomes after each patient

freating the next patient);

btained.
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d) aclinical events committee (CEC) should be used for adjudication of adverse events;
e)
f)

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

7.4.3 Study endpoints

oversight of the study safety shall be performed by a DSMB or an independent medical reviewer;

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

provided in

7.4.4 Eth

ISO 5840-1:2021, Annex L.

ical considerations

Although novel surgical heart valve systems may have been extensively tested in vitro, by computer
simulation and by implantation in animals, human studies are essential, yet carry significant risk to
patients, especially in first in human studies. Diseased human hearts are structurally and functionally
different from healthy or diseased animal hearts. Further, the investigators who implant the device
shall be subject to learning curves. Even if similar devices have been previously implanted successfully,

differences

in route of access, deployment and/or anchoring techniques could impose unforeseen

hazards.

The choice
both manu
skilled inve
of interest
Manufactur

of patients to receive the first implants of a novel technology places responsibilit
facturers and investigators and raises important ethical issues. Choice of ©bjective

has been provided by regulatory agencies or other organizations (se¢ Reference

stigators who implants the new device is equally important. Relevant guidance on coq

ers shall not offer financial incentives to the institution or investigdtors to implan{

y on
and
flict
[8]).

the

device. Conjpensation of patients for the costs for participating in the clinical.ihvestigation shall be

limited to a
so large as {

See also 7.4
Institutiond
studies.

7.4.5 Piv
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ptal studies: Distribution of subjects and investigators

estigations shall be conducted in institutiéhs with appropriate facilities, case-load

tient and user populations. The degign should include consideration of and justificatio
s as disease aetiology, disease severity, gender, age (e.g. adult, paediatric) and other sp

patient po
sufficient tq:J
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Criteria relg

Sites:

ded patient or uset-populations. The CIP shall specify and justify the planned numb

htre, the maximum number of investigators per institution, as well as the target pa

vant te-the selection of sites and clinical investigators should include:

5 for additional detail for site and investigator selection considerations. Ethics Commif
1 Review Board approval shall be obtained and documented for both pilot phase and piyotal

d by investigators with appropriate experience, skills and training. Clinical investigaf
igned to include enough subjects, investigators, and institutions to be representative of the

bt be

tee/

and
ions

n for
bcial

lations as appropriate. The sites should be selected to ensure that patient enrolment is
accommodate a spread oficlinical experience and exposure to the device while alloying
e learning curve. Consjderation and justification should also be made to account for
fferences in standard-of care or patient outcomes based upon the geographic distribytion

any

br of

(including geographical distribution), the maximum number of subjects to be incliided

tient

acc

suitable distribution of sites;

ess to the defined patient population;

14

presence of a local or central institutional review board (IRB)/ethics committee (EC);
qualified centres, following the guidelines on operator and institutional requirements;

expert imaging with accredited operators and facilities (see ISO 5840-1:2021, Annex G);

appropriate study coordinator and other administrative staff associated with data collection

or coordination of the study;

adequate resources (e.g. facilities and equipment, security and storage, working space for

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

i) experience with clinical investigations;
j) acceptable results of previous regulatory inspections.
— Clinical investigators:

) qualifications by education, training (by manufacturer or medical experts), relevant experience,
and meeting all applicable regulatory requirements;

b) motivation to continue patient recruitment and to undertake long-term accurate follow-up;
C) prior clinical research experience;
1) avoidance of competing studies (e.g. to avoid selection, channellingdbiases);

)  minimising potential conflict of interest; if there are substantial conflicts of infterest with
the manufacturer, such conflicts shall be managed, which should involve (but notfnecessarily
be limited to) consideration of the use of a non-conflicted-physician for patient recruitment,
informed consent, and reporting (see References [6] and {8]).

7.4.¢ Statistical considerations including sample size.and duration

7.4.6.1 General

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

a) theintended use of the device;

b) the results of the risk analysis;

c) the measures that will be evaluated;
d) the expected clinical outeomes.

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

In addition to the requirements established above, the CIP shall specify total duration of the study,
including long-term patient follow-up which may continue in the post-market setting (see also 7.4.9.6).
The study duration shall be established based on the specific purposes of the study as identified by the
risk assessment, the intended application, the outcomes measured, and, if relevant, the type of device
modification. The intended application includes the disease and population for which the device is
intended, including the expected duration of survival in such a population without the device at issue
and survival in patients treated with an available comparator.

7.4.6.2 Objective performance criteria for established device designs

The use of objective performance criteria (OPC) is the recommended method for the statistical
evaluation of adverse event data for new devices based on established device designs (see Annex I).
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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
valve position is required, each of whom is intended to be studied for at least one year (understanding
that death occurring prior to one year is captured and included in the one-year follow-up analysis).
When appropriate to the study aims, standard statistical methods should be used to calculate the
minimum sample size with prior specification of the Type 1 error rate, the statistical power, and effect
sizes to be detected (refer to Annex I).

The protocol shall specify the duration of the study. There shall be at least 400 patient-years of follow-
up of each valve position (e.g. aortic or mitral), or 800 patient-years of follow-up for a single position
valve, to assess late adverse events (e.g. thromboembolism, valve thrombosis, haemorrhage, and
infective erfdocarditis). The patient-years criterion can be met by further pre-market follow-up. of the
150 patients beyond one-year or by enrolment of additional patients. All implants shall be anal{fed,
including those patients not surviving through the first year, and including centres with enrolment
below the intended minimum.

When usin
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risk and anticipated benefits of alternative procedures (see ISO 14971 for guidance). If a compat
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the market, the study control may be the comparable device or another comparator, su
1 therapy. If a compatable device is not on the market, randomisation against an approp
should be used. Ifthe study uses a non-inferiority design, the non-inferiority margin sh
and, to the extentfeasible, based on prior data from comparable devices.

jent seleetion criteria

able
th as
riate
ould

tient
hose

shall be specified and any salient differences between the intended population and t

studied sha

in the follow-up requirements.

The following aspects should be taken into consideration when developing inclusion and exclusion

criteriato e

nsure that the expected benefit of treatment outweighs the risk to subjects:

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

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

c) severity of valve disease;

d) symptomatic versus asymptomatic patients;

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

The

docymented in the CIP and recorded on the CRF.
7.4.9 Clinical data requirements

7.4.9.1 General

Clin
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7.4.9.2 Baseline data
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a)
b)

)

d)

)

ISO 5840-2:2021(E)

co-morbid conditions (e.g. MI, other valve disease, coronary or peripheral artery disease, atrial
septal defect, patent foramen ovale, previous infective endocarditis, rheumatic heart disease,
degenerative neurological disorders, frailty, previous cardiac interventions, prior stroke or
systemic embolism, chronic kidney disease, hematologic disorders, chronic lung disease);

ventricular function and chamber size (e.g. ejection fraction, systolic/diastolic dimension or
volumes);

haemodynamic stability (e.g. mechanical circulatory assist devices, inotropic support);

surgical status (e.g. elective, urgent, emergency, salvage);

folerance for procedural/post-procedural anticoagulation or antiplatelet regimens;
ife expectancy;

Hevice/procedure specific anatomical considerations (e.g. valve size, calcification,| congenital
hbnormalities, access site conditions, device placement location, ability te, tolerate TEE];

potential patient prosthesis mismatch;

hccess to sufficient follow up treatment (all types of physical and medicinal therapy).

approach to be employed to prevent valve thrombosisiand thromboembolic complicatipns shall be

cal data, including adverse events,(shall be recorded for all subjects in the study as required by
|4155. Consideration and appropriate justification should be made for the collection and analysis of
reported versus core laboratory adjudicated data.

following data shallbe’collected:
Hemographics{e,g: age, gender);
baseline information (e.g. weight, height, blood pressure);

ro-merbidities (e.g. liver, kidney and lung disease, substance abuse, smoking historly, diabetes,
hypertension, hypercholesterolemia);

cardiovascular diagnosis (e€.g. valvular lesion and aetiology) and co-existing cardiovascular
diseases (e.g. heart failure, cardiomyopathy, aneurysm, cerebral vascular disease, peripheral
vascular disease, coronary artery disease, history of endocarditis, history of thromboembolism
previous myocardial infarction), and cardiac rhythm;

New York Heart Association (NYHA) functional class and relevant Society of Thoracic Surgeons
Predicted Risk of Mortality (STS-PROM) score or logistic European System for Cardiac Operative
Risk Evaluation (EuroSCORE II), or both (STS score is recommended for all subjects); frailty and
quality of life indicators and/or exercise tolerance tests should also be considered;

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

h)

echocardiographic and other relevant imaging data to provide cardiac haemodynamic, geometric
and functional information (e.g. ventricular function), and to characterize the diseased valve or
failed prosthesis/repair and to assess implant site and annulus size (see ISO 5840-1:2021, Annex G);

imaging data for assessment of access and delivery approach, if relevant;

blood test to assess hepatic, cardiac and renal status, and including haematologic/coagulation
profile.

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

7.4.9.3 Peri-procedure data

The following data shall be collected:

a)
b)

c)
d)

e)
f)
g)
h)
i)
j)
k)
D

name of operator(s);

utilisatfion time (e.g. procedure room entry/exit time, access site entry/exit time, length of
hospitdl stay);

date/tine of procedure;

medicafions including start/stop dates, dosage, changes, change justification (e.g. antithrombotic
regimep, inotropes, antibiotic prophylaxis).

list of monitoring devices used (e.g. arterial line, pulmonary artery catheter, pulse oximetry);
pre-op notropic support or circulatory assist device;

access gite and technique (e.g. sternotomy, thoracotomy);

bypass|time, body temperature on bypass ischaemic time, type of myocardial protection;
imaging modalities (e.g. fluoroscopy, TEE, TTE, CT);

assessthent of implant site and patient/annulus diameter, or other relevant sizing measure of
patient

any chgnges from original diagnasis;

surgicall heart valve system.fe'g. type, models, sizes, and serial numbers);

any corjcomitant intepventions or procedures (e.g. coronary revascularization);
elements of procedure, including any adjunctive procedures performed;

implant position (e.g. aortic, mitral, pulmonic, tricuspid) and anatomical implant position in
relation tothe annulus (e.g. intra-annular, supra-annular; refer to Figure 1);

suture teChTIqUE (€.g- continuous, IMerTuUpted, USe of piedgets); ifappticable;
size, type, implant date and failure mode of previously implanted prosthesis;
procedural complications, including acute interventions;

evaluation of surgical heart valve function and valve geometry by echocardiography and/or other
relevant imaging and haemodynamic modalities, as defined in the CIP; at a minimum, pressure
gradient and degree of regurgitation should be documented.

If any of the above data are deemed not applicable, a justification shall be provided.
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7.4.9.4 Follow-up data

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

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

The following data shall be collected:

a) fate, type (e.g. in person, telephone), location and type of health care profegsional [performing
follow-up (e.g. investigator, primary care physician, nurse);

b) Fesults of physical examination, including specific parameters to be repapted;
c) New York Heart Association functional class and health-related quality of life indicator(s);
d) functional assessment (e.g. 6-minute walk test, peak VO,);

e) Hevice assessment (e.g. structural integrity, any thrombus-deposition); see Annex |. Fpr pilot and
pivotal studies of surgical mitral valves, a TEE study shdll be performed on all patient$ within the
first four weeks to six weeks;

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

g) heartrate, rhythm and conduction abnormalities;

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

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

j) fardiovascular medications {e.g. heart failure medications, antithrombotic and/or anticoagulation
Fegimen and antiarrhythmic medications) including start/stop dates, dosage, changes, change
ustification; it is recommended that this information also be collected on other medicaltions;

k) pdverse events aS-specified in Annex |
1) foncomitanttherapies, (e.g. cardiac assist, pacing);
m) Hate and.xeéason for reintervention;

n) fate.and cause of death;

o) explant analysis and post-mortem examination report; the postmortem examination report shall
include any evidence of organ damage from thromboembolism.

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

7.4.9.5 (Clinical investigation analysis and reporting

The clinical investigation report shall conform with ISO 14155. The clinical investigation report shall
include information on all subjects for whom implantation was planned (i.e. the “intent-to-treat”
population). For randomised studies, the groups shall include all randomised subjects, even those
who did not receive the implant. Additional analyses shall be performed on the subjects who actually
received the implant (refer to Annex ], ISO 5840-1:2021, Annex G, and ISO 5840-1:2021, Annex L).
Justification shall be provided for those who were randomized to but did not receive an implant.
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Clinical investigations shall be registered on applicable clinical trial websites upon initiation where
possible. Subsequent outcomes shall be reported, including disclosure of both positive and negative
results, in accordance with applicable requirements. For both pre- and post-market studies, the

following principles shall be followed:

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

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

) effortskhall be made to ascertain the mode of death and the cause of death, including contact with
local physicians if the patient died elsewhere, obtaining details of any investigations_perforjmed
shortly| before death, and post-mortem examination data and explant data if available; relipnce
on natipnal healthcare databases to simply record that death has occurred is insufficient; a high
percentage of unknown cause of death may raise suspicion of device-related deaths:

7.4.9.6 Ppst-market clinical follow-up

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

unanticipated adverse events, on adverse events which are time-related, (e‘g. structural deterioration,

adverse effé

The initial
in the post
will have bé
because ov¢
patients frd

cts on cardiac anatomy) and on long-term performance.

ohort of patients included in pre-market clinical investigations shall continue to be follg
market setting. These patients are the best source\of valid long-term data because
en extensively studied in the pre- and peri-operative periods with full documentation
brall mortality and adverse event rates can beicalculated. Reasons for removing indivi

up and avoid the need for re-consenting patients, infexmed consent that includes details regardin

planned du
investigatig

Further foll
with endpag

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

pw-up to a minimum of 10 years'post implant shall be conducted on the pivotal phase cg
ints designed based upon risk assessment and device claims. The 10-year post-i

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

thromboem
not be feasi

Beyond the
additional U
shall be per
to minimize

Follow-up §
include follg

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

initial pivotal phase cohort of patients, it may be appropriate to obtain clinical data
sers and patiénts representative of the real-world clinical setting. If conducted, this s
formed with¥patients enrolled prospectively in a PMCF study and a methodology empl
bias in patient selection.

hould’be as complete as possible avoiding retrospective self-reporting and reports sh
w=up years to allow calculation of adverse event rates, in order to generate evidence ne

mj
bolism, quality of life, valye re-intervention). In certain situations, 10-year follow-up

wed
they

and
dual

m longer-term follow-up shall be documented and justified. To facilitate prolonged follow-

v the
hical

hort
lant
oke,
ight

[rom
tudy
byed

ould
bded

for informe
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clied

upon for post-market follow-up, there should be independent verification that all consecutive patients
are entered and that all receive the same type of follow-up. Registry data shall be regularly reviewed,
and alert mechanisms shall also be in place to trigger additional safety reviews based on pre-specified
criteria.

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

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

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

b) astatement of percent follow-up completeness shall be provided;
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c) follow-up shall occur prospectively at regular pre-specified intervals on a face-to-face basis
wherever possible, preferably with an independent physician, rather than telephone contact or
postal or email questionnaire;

d) follow-up shall include physician examination of the patient wherever possible and any relevant
clinical assessments; a structured imaging protocol shall be implemented; the percentage of each
follow-up method shall be documented in the final post market follow-up report;

e) information on cause of death is particularly important, as emphasised in 7.4.9.5.
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Annex A

(informative)

Surgical heart valve substitute hazard analysis example

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

It is the responsibility of the manufacturer to establish a comprehensive list of hazards and associated

harms for t
anticipated
an example

e surgical heart valve system. The manufacturer should consider both the indicated usq
use of their device (e.g. use in alternate locations or in non-indicated age greups). Table A.1 is
that is intended to demonstrate the linkage among potential hazards, fofeseeable sequence

and

of events, hfizardous situations, and harms for surgical heart valve substitutes based on the frameyvork

provided in|

For some sjurgical heart valve designs, see also ISO 5840-3:2021 for applicable failure modes
iluation methods.

possible evj

ISO 14971. The example shown is not intended to be all inclusive.

and

Table A.1|— Example surgical heart valve substitute hazards; foreseeable sequence of events,
hazardous situations, and associated harms
Hazard Foreseeable sequence Hazardous'situation Harm

of events

pressure gr
during forw
flow phase

hdient
ard

valve exhibits poor leaflet
kinematics post-implant

poor leafletKinematics result in
excessive transvalvular gradient

a) dyspnoea

b) heart failure

leaflet coap

ation

valve exhibits insuffi-

insufficient coaptation results in

a) dyspnoea

undersized valve implant-
ed

during revefse cient leaflet coaptation gxcessive transvalvular regur- .
. o b) heart failure
flow phase post-implant gitation
c) haemolysis
unintended leaflét contact [impeded leaflet mobility creates |a) thromboembolic events
with native agatomical region of valve that cannot be b) heart failure
structures post-implant |effectively washed out resulting
in thrombus formation
impeded leaflet mobility results |a) dyspnoea
in excessive transvalvular b) heart failure
. . gradient
implantatiop error

patient-prosthesis mismatch
resulting in excessive transval-
vular gradient

a) dyspnoea
b) heart failure

insufficient number of
sutures placed around
sewing ring perimeter

sewing ring dehiscence from an-
nulus resulting in paravalvular
leakage or excessive gradient

a) dyspnoea
b) heart failure

) haemolysis

retention

valve holder

excessive force

required to release valve
holder from valve
post-implantation

difficulty in releasing valve
holder results in sewing ring
dehiscence from annulus leading
to paravalvular leakage or tis-
sue trauma

a) annulus tissue damage
b) bleeding complications
) haemolysis

d) heart failure

sewing ring
compliance

inadequate conformance
of the sewing ring to the
annulus

insufficient sealing around the
sewing ring leading to excessive
paravalvular leak

a) heart failure

b) haemolysis
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Hazard

Foreseeable sequence
of events

Hazardous situation

Harm

edge

protruding frame

frame fracture after im-
plantation resulting in a
sharp edge

sharp frame edge comes into
contact with the annulus

a) annular rupture
b) annulus tissue damage

c) bleeding complications
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In vi

Annex B
(informative)

tro procedures for testing unstented or similar valves in
compliant chambers

B.1 Genc

If the press
into which
should be f{

difference,
NOTE 1 T
NOTE2 S

B.2 Compliant chamber specifications

B.2.1 Wh

alowc

— ahigho

B.2.2 Rec

low con

— high co
Other value
B.2.3 Rec

should be ¢
hypertensiv

bral

ire difference and/or regurgitation is a function of the compliance of the vessel-or char
the valve is to be implanted (e.g. in the case of an unstented aortic valve),.then the y
ested in compliant chambers as described in B.2. The protocols for pulsatile pres
bulsatile regurgitation, and wear/durability should be amended as in B3

hese values are for compliance of the aorta and are not annulus values.

be [SO 5840-1:2021, Annex E for paediatric conditions.

bn testing valves in compliant chambers, consider uging two compliant chambers:
mpliance chamber for simulating patients with a normal aorta;

ompliance chamber for simulating youngei-patients, or patients with a hypercomplianta

bmmended values for the compliangé,of aortic chambers are:
0,68%/( 0,09%

o
|

2,40%/( 0,32%
s for compliance-shotild be justified by the manufacturer.

hpliance chamber: C=

mpliance chamber: C=
kPa | mmHg

bmmended.pressure ranges over which the chamber compliance (without the valve preg
haracterized, and the valves tested, include the hypotensive, normotensive, and modsé
e condittons defined in ISO 5840-1:2021, Tables 3 and 4.

nber
alve
sure

brta.

ent)
brate

B.3 Test

B.3.1 Pul

P | 2 1; . la
PIULTUUITS Uolllg LUINNpPIIdIIt L4dIIIuTI o

satile-flow pressure difference

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

pressure co

B.3.2 Pul

nditions as defined in ISO 5840-1:2021, Tables 3 and 4.

satile-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 5840-1:2021, Tables 3 and 4.
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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 5840-1:2021, Tables 3 and 4. Hypertensive conditions may be applicable for
right-heart conditions.

B.3.3 Reference valves for hydrodynamic 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 alves should be tested in the low compliance chamber.
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Annex C
(informative)

Preclinical in vivo evaluation

C.1 General

Based on r
should be
surgical he
alternative

Evaluationg
evaluations
parameters

Acute testir

Table C.1 — Settings that can be evalaated

sk analysis and in order to predict the safety and performance of clinical use, the s
lesigned to provide a sufficient number of animals implanted with the test and col
art valve substitute. The rationale for animal models and justification fér,the ug
implant positions and implantation methods should be provided.

listed in Table C.1 are not intended as mandatory or all inclusive. Each’ of the descy]
includes minimum parameters necessary to assess a specific issue) However, additjonal
might be relevant depending on specific study goals and/or manufacturer product clai

g of surgical heart valve substitutes can be performed under nonsterile conditions.

tudy
htrol

e of

ibed

ms.

Issue Acute Chronic | Flexible | Rigid

haemodynamic performance X X X X
usability X X X X
acoustic chgracteristics X X X
interferencq with adjacent anatomical structures X X X X
haemolysis X X X
thrombo-enpbolic complications X X X
calcificatior]/mineralization X X

pannus fornpation/tissue ingrowth/foreigh body response X X X
strucFural Valve deterioration and-non-structural valve dys- X X X
function

assessment pf valve and non-valye related pathology X X X
cavitation X X

C.2 Dispositionof evaluations

C.2.1 General

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

C.2.2 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 I/min/m?
to 6,0 I/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.

Measuring equipment used to assess haemodynamic performance should be described and its
performance characteristics documented.
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C.2.3 Usability

The usability should include a descriptive acute assessment and chronic assessment of the surgical
handling of the surgical heart valve substitute and accessories, if any, compared to a control including
any unique features.

C.2.4 Acoustic characteristics

The acoustic characteristics of rigid surgical heart valve substitutes should be evaluated in the intended
implant position. One method of accomplishing this is to use intravascular/intracardiac pressure
recordings with a micro-tip pressure transducer that has an upper frequency limit no lower than

20 0P0 Hz. Air transmitted sound should be recorded 10 cm above the beating heart in the open chestin
accofrdance with [EC 60651. Alternatively, the valve loudness may be directly measuredby 4pplying the
Zwidker loudness measurement in accordance with ISO 532:1975, method B to valve seund recordings
takejn 5 cm to 10 cm above the closed chest. A technique similar to that described in)Referenice [7] could
be uped. The acoustic techniques are described in Reference [10].

C.2.p Interference with adjacent anatomical structures

Intefference with coronary ostia, cardiac conduction system and mitral valve structurep should be
assepsed and documented as appropriate.

C.2.p Haemolysis

At nlinimum, the following laboratory analyses should be performed: red blood cell count, hematocrit,
retiqulocyte count, lactate dehydrogenase, haptoglobin, and plasma-free haemoglobin| Additional
hemptology and clinical chemistry analyses should also be conducted to assess inflammatoiy response,
plat¢let consumption, liver, and renal function.

C.2.f Thrombo-embolic events

Thrgmbo-emboli should be evaluated in terms of macroscopic description, photographic doctimentation,
and p histologic description of the thirgmbotic material. A full post-mortem exam should b¢ performed
to disclose peripheral thrombo-emboli both macro- and microscopically.

C.2.B Calcification/mineralization

Calcjfication/mineralization should be evaluated in terms of macroscopic description, pHotographic,
and |radiographic docturientation, and a histologic description of any mineral deposits. [The results
shoyld be compared'to a control valve.

C.2.p Pannus formation/tissue ingrowth

At nlinimum, the distribution and thickness of pannus formation/tissue ingrowth should ble described
usingmmacroscopic and microscopic methods and photographic documentation. A description of any
infl uuuatul _y I CDPUIIDC ohuu}d q}DU bc ;u\,}udcd ;ll thC h;DtU}UE;L dCD\,A ;}Jt;ull-

C.2.10 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.

C.2.11 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.
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C.2.12 Cavitation

Macro- and microscopic assessment of any signs of erosion caused by cavitation should be documented.
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Description of the surgical heart valve substitute and system

D.1_General

This

components in device documentation (e.g. labelling, IFU). The description of the surgical
subgtitute should include, at the very least, the information listed in Table D.1. Theé description should
be syipported by pictures or illustrations where appropriate. For novel surgical heart valve

annex contains a listing of terms that may be used in describing surgical heaft valve system

heart valve

substitutes,

e.g. sutureless, the requirements of both this document and ISO 5840-3 can-be relevant gnd shall be
condidered as applicable to the specific device design.
Table D.1 — Information to be included in the description of the surgical heart valve substitute
M3jor class Subclass Component | Implant positioniy Annulus position Orientability
rigid bileaflet orifice aortic supra-annular rotatable
tilting disc occluder mitral intra-annular non-rptatable
caged ball connections to |tricuspid
other annulus (e.g. pulmonie
sewing ring)
flexible stented leaflets aaortic supra-annular rotatable
unstented support niitral intra-annular non-rptatable
subcoronary structure (e.g~ [tricuspid pulmonic
full root stents)
scalloped Connections to
annulus\(e.g.
sewing ring)
EXAMPLE1 Rigid, tilting dis¢, pyrolytic carbon occluder with 6-4 titanium orifice, PET/PTFE [sewing ring,

aortic and mitral, supra-annular,rotatable.

EXAMPLE 2

D.2
The

Flexible, stented, bovine pericardial, acetyl copolymer stent, PET/PTFE sewing rin|
mitrgl, supra-annular, fieh-rotatable.

Chemical treatments, surface modifications, or coatings

description should include any chemical treatments, surface modifications, or cod

inclyding primary fixation of tissue and any anti-calcification, anti-infection, or anti

treatments

g, aortic and

tings used,
thrombotic

For device-drug combination products, elements of ISO 12417-1:2015 might be applicable.

D.3 Component description

D.3.1 General

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.
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D.3.2 Examples of components of some surgical heart valve substitutes

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:

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

— 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

(see Fig
— occluds

— occlude
or retai

— orifice1
of arig

— sewing
attache

— sewing
substit

— sewing
orifice

— stent (dlso frame, body): component of a surgical heart valve substitute that houses the occlud

of a fley

— stiffeni

D.4 Acce

Any access
implantatio

materials 0|£ constructionsshould be provided. Double-ended sizer configurations are recommern
a of the valve shape and dimensions on one end and a cylinder to measure the PAD on the

with a repli
other end (g

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

ing (also housing): component of a surgical heartvalve substitute that houses the occlud
d surgical heart valve (see Figure E.1);

d to the heart (see Figures E.1 and E.5);

ring filler: any material within the confines of the sewing ring of the surgical heart ¥
ite which provides it with bulk and shape (see Figiire E.1);

ring retaining material: material used to prévent separation of the sewing ring fron;

ing or frame (see Figures E.1 and E.2);

ible leaflet device (see Figures E.5, E.6, and E.8);

hg element: component which reddces deformation of the orifice ring or stent (see Figure
ssories

pries that are to besused in conjunction with the surgical heart valve substitute an
n (e.g. sizers, Helders, loading tools, delivery systems) should be described and

ee Figure E.9).

tute

E.8);

r retention mechanism: component(s) of a surgical heart valve substitute.which suppart(s)

er(s)

ring (also sewing cuff): component of a surgical heart valve substitute by which it can be

alve

the

er(s)

E.1).

d its

heir
ded,
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Annex E
(informative)

Examples of components of some surgical heart valve substitutes
and systems

Key
Covering

ewing ring filler

brifice ring

Component joining material
Gtiffening element

sewing ring retaining material
housing

R N O U A WN

bccluder

Figure’E.1 — Generic bi-leaflet rigid surgical heart valve substitute

© IS0 2021 - All rights reserved 31


https://standardsiso.com/api/?name=4a8a195cbdcaf11dd55e23dba824e1ef

ISO 5840-2:2021(E)

Key
1
2
3

Key
1
2
3

occludel
sewing 1fing retaining material
occludef retention mechanism

leaflet
compon
covering

%%14%
==

\3

Figure E.2 — Generic mono-leaflet rigid surgical heart valve substitute

ent joining material

Figure E.3 — Generic flexible surgical heart valve substitute (flexible, unstented, scalloped)
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Key
eaflet
Component joining material

Covering

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

3 covering
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Key
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eaflet
Stent

hnchoring stent

Figure E.6 — Generic surgical valve substitute, e.g. sutureless

Helivery system
balloon
Helivery sheath

Figure E:7— Generic balloon expandable rapid deployment surgical heart valve {

fystem
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Key
1 leaflet
2 anchoring stent

Figure E.8 — Generic self-expanding sutureless surgical heart valve
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Figure E.9 — Generic doeuble-ended sizer for a surgical heart valve
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Annex F
(informative)

Guidelines for verification of hydrodynamic performance —

Pulsatile flow testing

F.1
This

methods, and test reports for the pulsatile flow measurements of surgical heartvalves.

F.2

E.2.

F.2.1
least
shoy

F.2.1

F2.1
max

F2.2

F.2.2
flow]
appt
See

poptlation.

F.2.2
char

A ro
Jude

1

und robin study was conducted across multiple industry and academic test laborator

General

annex provides guidance on test equipment, test equipment validation, formulaf

Pulsatile-flow testing

Measuring equipment accuracy

.1 The pressure measurement system should have an upper frequency limit (-3 dB g
30 Hz and a differential measurement accuracy of at least +0,26 kPa (+2 mmHg). The
1d have an upper frequency limit (-3 dB cut-off) of atJeast 30 Hz.

.2 Regurgitant volume measurements should‘*have a measurement accuracy of at leas

.3 All other measurement equipment should have a measurement accuracy of at least|
mum intended test measurement.

Test apparatus requirements

.1 Pulsatile-flow testing should be conducted in a pulse duplicator that produces p
waveforms that approeximate physiological conditions over the required physiolg
opriate for the intended-device application in accordance with ISO 5840-1:2021, Tab
[SO 5840-1:2021, Annex E for guidelines regarding suggested test conditions for th

.2 It is w€commended that manufacturers complete pulse duplicator system p
Acterization prior to the start of design verification testing.

Masters Series mechanical valves. The results from this study are summarized in T3

ion of test

ut-off) of at
flow meter

[ +2 ml.

+5 % of the

ressure and
gical range
es 3 and 4.
b paediatric

erformance

es using St.
ible F.1 and

may

be used as a reference 1or performance characterization or a pulse duplicator. See ke

ference [11]

for additional details. It is recommended that manufacturers utilize mechanical valve types used for
the round robin study (see Reference [11] for additional details and results summarized in Table F.1) to
characterize the pulse duplicator system performance.
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Table F.1 — Performance characterization of pulse duplicator testing using mechanical valves

Valve size Position Simulated Beat rate EOA Regurgitation
mm cardiac output beats/min cm? fraction
1/min (mean * sd) %
(mean * sd)
19 aortic 5,0 70 1,3+0,1 6,1+1,3
25 aortic 5,0 70 2,4+0,2 89+09
25 TITitTat 5,0 70 23 0,2 6,120
NOTE1  Rpsults when using physiological saline with specific gravity of 1,005 and viscosity of 1,0 P, All ftests

are conductd

Fixture con|
ensure that

NOTEZ2 T
sewing ring
a given size g
19mm Aorti

25mm Aorti

25mm Mitra

d at a mean arterial pressure of 100 mmHg.

the noise factors associated with fixturing are minimized.

he following St. Jude Medical Masters Series mechanical valve model numbers represent diff
nd would provide similar hydrodynamic performance.

: 19A)-501; 19AEC]-502; 19AT]-503

: 25AJ-501; 25AEC]-502; 25AT]-503

: 25MJ-501; 25MECJ-502; 25MTJ-503; 25MET]-504

siderations may influence measured hydrodynamic performance. The manufacturer should

prent

configurations; however, the pyrolytic carbon valves assembly is the samiefor all model numbefrs for

F.2.2.3 The pulse duplicator should permit measurement of time-dependent pressures, volumgtric

flow rates, y

elocity fields, and turbulent shear stress fields.

F.2.2.4 The repeatability of the test system should be evaluated and documented.

F2.2.5 R¢

F.2.2.6 In|
characterist
compliance

F22.7 T
substitute

levant dimensions of the cardiac chambers and vessels should be simulated.

should be simulateéd-{See Annex B for guidelines on compliant chambers).

all stages ‘of-the cycle.

F.2.3 Test procedure

cases where the compliance may affect the pressure difference or regurgitation
ics of the valve (e.g. the,aortic compliance in an unstented aortic valve), the relevant champnber

e chamber ghould allow the observer to view and photograph the surgical heart yalve

F231 T

SUS snould be carried out on eacn valve In the position m wnich 1t 1s 1ntended to be

Qualitative and quantitative assessments should be made.

sed.

F.2.3.2 Pressure difference should be measured at four simulated cardiac outputs between 2 1/min
and 7 I/min (e.g. 2,0 1/min, 3,5 I/min, 5,0 1/min, 7,0 I/min), at a single simulated normal heart rate
(e.g. 70 cycles/min, systolic duration of 35 %), or as appropriate for the intended device application in
accordance with ISO 5840-1:2021, Tables 3 and 4. See ISO 5840-1:2021, Annex E for guidelines regarding
suggested test conditions for the paediatric population.

F.2.3.3 Regurgitant volumes should be measured in accordance with the parameters listed in Table F.2
or as appropriate for the intended device application in accordance with ISO 5840-1:2021, Tables 3 and
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4. See ISO 5840-1:2021, Annex E in for guidelines regarding suggested test conditions for the paediatric

population.
Table F.2 — Regurgitant volume test conditions
Beat rate Systolic duration Cardiac output Pressure conditions
cycles/min % 1/min
45 30 5 hypotensive, normotensive, severe
hypertensive
70 35 5 hypotensive, normotensive, severe
hypertenstve
120 50 5 hypotensive, normotensive, seveie
hypertensive
F.2.3.4 At least 10 measurements of each of the following variables should béyobtained [from either

cons
a)
b)
‘)
d)
e)
f)
g)

F.2.
The

b)

ecutive or randomly-selected cycles:

mean pressure difference across the surgical heart valve substitute;

forward flow volume;

beat rate;

mean arterial pressure over the whole cycle;
cystolic duration;

Fegurgitant volume, including the closing*volume and leakage volume (see ISO 5
Figure 1), and the corresponding mean<back pressure across the closed valve.

l Testreport
pulsatile flow test report should include the following information:

Hescription of the fluidcuged for the test, including its biological origin or chemical d
femperature, viscosity;and specific gravity under the test conditions;

Hescription of the-ptlse duplicator, as specified in F.2.2, and its major components ang
hpparatus, including a schematic diagram of the system giving the relevant chamber
hnd valve oriéntation, chamber compliance (if a compliant chamber is used), details of
pf the presSure-measuring sites relative to the mid-plane of the surgical heart valvg
sewing-ring, pressure measurement instrumentation frequency response, and the
representative pressure and flow waveforms at nominal flow conditions;

nean and root mean square, RMS, flow rates through the surgical heart valve substitute;

840-1:2021,

omponents,

associated
dimensions
the location
e substitute
hppropriate

c)

heart valve substitute and, if appropriate, its adjacent flow field under stated conditions;

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
flow through it; details of mean, range, and standard deviation of the performance test

the volume
variables at

each simulated cardiac output for each surgical heart valve substitute and reference valve should

be presented in tabular and graphic form;
1) simulated cardiac output;
2) Dbeatrate;

3) systolic duration;

© IS0 2021 - All rights reserved
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f)

40

4)
5)
6)
7)
8)

9)

photog

forward flow volume;
mean and RMS flow rates;
mean pressure difference;

effective orifice area;

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

closed valve;

mepn arterial pressure over the whole cycle;

characferistics for the surgical heart valve substitute;

results

raphic and/or videographic documentation and analyses of the opening and ‘clgsing

of reference valve testing, to demonstrate appropriate functioning of pulse duplicator sydqtem.
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