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Foreword

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

Internationgl Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 3.

Draft International Standards adopted by the technical committees are circulated to the member bodjes for voting.
Publication|as an International Standard requires approval by at least 75 % of the member bodies casting a vote.

Internationtl Standard 1SO 7198 was prepared by Technical Committee I1SO/TC 150, Implants for surgery,
Subcommiftee SC 2, Cardiovascular implants.
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Introduction

ISO 7198 has been prepared in order to provide basic requirements for sterile vascular prostheses and the methods
of test which will enable evaluation of vascular prostheses.
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Cardiovascular implants — Tubular vascular prostheses

1 Scope

1.1 This |
sterile tubu

system in h

This Intern

hternational Standard specifies requirements relating to testing, packaging, labelling and(i¢
ar vascular prostheses intended to replace, bypass or to form shunts between segnients g
umans.

htional Standard addresses vascular prostheses that are made wholly or partly*of: materia

brminology for
f the vascular

s of biological

origin; synthetic textile materials; and synthetic nontextile materials. In addition, guidance for characterization of

compound
constructio
requiremen
the horizon

This Intern
measurem
to sterilizat
terms in co

1.2 This |
include me
tolerances.

1.3 Forth

request shall relate solely to requests froma National Regulatory Authority with responsibility for surgig

This Intern
excluded a

2 Normative references

The followi

this International_Standard. For dated references, subsequent amendments to, or revisions of,

publication

and composite prostheses is provided. It specifies the designation of materials of manufg
N, and specifies the designation of sizes and dimensions of vascular prostheses. It refer
ts of the materials of construction and of the finished product, taking’/into account the appr
tal International Standard 1SO 10993.

Ational Standard also specifies the designation of mechanical properties. It describes mg
bnt and verification of the dimensions and mechanical properties declared by the manufac
on of prostheses and specifies requirements for labelling and packaging. It also provideq
nmon use.

nternational Standard does not specify all thevperformance or dimensional characteristic
thods for verifying that the nominal valués disclosed by the manufacturer are within
These recommendations do not purport.to comprise a complete test program.

b purposes of this International Standard, the disclosure of test methods, results and other

ational Standard does ngt apply to human donor tissue devices such as cryopreserved
e all patches, pledgets-and stents.

Ng hormative documents contain provisions which, through reference in this text, constitute

cture and the
5 to biological
Dbpriate part of

tthods for the
turer. It refers
definitions of

s, but it does
the permitted

nformation on
al implants.

vessels. Also

provisions of
any of these

5 downot apply. However, parties to agreements based on this International Standard are

investigate

ncouraged to

the possibility of applying the most recent editions of the normative documents indicat¢d below. For

undated references, the latest edition of the normative document referred to applies. Members of ISO and IEC

maintain re

gisters of currently valid International Standards.

ISO 472:1988, Plastics — Vocabulary.

ISO 2076:1989, Textiles — Man-made fibres — Generic names.

ISO 2859-1:1989, Sampling procedures for inspection by attributes — Part 1: Sampling plans indexed by

acceptable

quality level (AQL) for lot-by-lot inspection.

ISO 2859-2:1985, Sampling procedures for inspection by attributes — Part 2: Sampling plans indexed by limiting
quality (LQ) for isolated lot inspection.
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ISO 2960:1974, Textiles — Determination of bursting strength and bursting distension — Diaphragm method.
ISO 5081:1977, Textiles — Woven fabrics — Determination of breaking strength and elongation (Strip method).

ISO 5084:1977, Textiles — Determination of thickness of woven and knitted fabrics (other than textile floor
coverings).

ISO 10993-1:1997, Biological evaluation of medical devices — Part 1: Evaluation and testing.
ISO 14155:1996, Clinical investigation of medical devices.

ASTM D 76-93, Specification for tensile testing machines for textiles.

ASTM D 123-P4, Terminology relating to textiles.

3 Terms and definitions

For the purposes of this International Standard, the terms and definitions given iRVASTM D 76-93, ASTM D 123-94
and the followling apply.

3.1
allograft (adj.:|alloplast)
implant materjal made from tissues of an animal of the same species

3.2
bifurcation

site of division of one vascular tube (trunk or body) into two branches (limbs)

3.3
biological material
material of animal or vegetable origin that may  have been modified or treated by chemical processes, byt excluding
any material derived from fossil biological remains (e.g. petroleum oil)

34
biostability
ability of a mgterial to maintain jts\physical and chemical integrity after implantation in living tissue

35

coating
any organic ¢r inorganie’ material, other than living cells, intentionally applied by a manufacturer to a substrate
prosthesis.

NOTE This cqating may be intended to be permanent or temporary. may be applied to the external and/or internal surface,
and/or may be impregnated into the structure of the substrate

3.6

compliance

ability of a prosthesis to elastically expand and contract in the circumferential direction in response to a pulsatile
pressure

3.7
component
substance used during manufacture whether or not it is intended to remain as a consistent element of the device
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composite prosthesis
vascular prosthesis in which the construction and/or material of construction varies in a segmental manner along

the length

cf. compou

nd prosthesis (3.9)

EXAMPLE Prosthesis in which the proximal portion is of crimped knitted fabric and the distal portion is of an aldehyde-treated
animal vascular tube.

3.9
compound
vascular pr

prosthesis
osthesis whose wall is uniformly constructed of materials from more than one source

cf. compos

3.10
configuratig
geometry d

EXAMPLES

3.11
constructio

type of stru

EXAMPLES
3.12

crimp
creases or
3.13

fibril

strand of m
3.14

host
recipient of]
3.15
implantablg
condition ¢
implantatio

te prosthesis (3.8)

n
f prosthesis

Straight, bifurcate, tapered.
N
cture of a prosthesis

Knitted, woven, nonwoven, expanded polymer.

folds manufactured into a prosthesis to permitielongation and reduce kinking

aterial which originates from one of more nodes and terminates at one or more nodes

an implant

state

f a prosthesis_that has been prepared in accordance with the manufacturer's instru
N, or of a material of construction that has undergone the same process of sterilization and/

NOTE Preparation.does not include preclotting (see 3.20), but does include any recommended method of wash

3.16

ction prior to
Dr preparation

ing or soaking.

integral water permeability
volume of clean, filtered liquid (with a viscosity approximating that of water) which passes through the wall of a
prosthesis in a specified time under a specified pressure

3.17
leakage

volume of clean, filtered liquid (with a viscosity approximating that of water) which passes through flaws in a

water-impe

rmeable vascular prosthesis in a specified time under a specified pressure

NOTE 1 Leakage may be either through small defects in the wall of a continuous tube or through an anastomosis constructed
by the manufacturer.

NOTE 2 Leakage is not the same as porosity (3.19).


https://standardsiso.com/api/?name=a07f346b20241e45ed135f2d8262610c

ISO 7198:1998(E)

3.18
node

solid region within a material at which fibrils originate and converge

3.19
porosity

©1SO

estimate or index of the ratio of the void within a material to the total volume occupied by the material including the

voids

NOTE 1 Porosity may be expressed as the percentage void to the total area of volume, mean distance between nodes, or
mean pore diameter.

NOTE 2 Porosity is not the same as leakage (3.17) or water permeability (3.34).

3.20
preclotting
procedure wh
porous prosth

3.21

primary comp
substance ing
performance

3.22
prosthesis (pl

ereby blood or blood fractions are allowed to penetrate and coagulate within)the intef
esis to decrease the permeability

onent
orporated into the finished prosthesis whose addition is designed hy;the manufacturer to i
bf the device

Ural: prostheses, adj.: prosthetic)

any device which replaces or substitutes for an anatomical part or deficiency

3.23
residual mate

substance tha
the finished p

3.24
secondary co

rial
t is employed in the manufacture of the prosthesis, but is intended to be removed or is not
osthesis

mponent

substance that may be incorporated into the finished prosthesis, but is not primarily responsible for

function

3.25
substrate prof
vascular pros

3.26
synthetic mat
substance of

thesis
hesis to which a.coating meeting the definition of 3.5 is applied

rial
nonbiolegical source that is produced and/or polymerized by chemical or physical means

NOTE Chemi

stices of a

mprove the

required in

the stated

allyy modified materials derived from fossil biological remains, e.g. petroleum or oil, are consi

dered to be

synthetic.

3.27

synthetic nontextile prosthesis
vascular prosthesis manufactured using nontextile processes

EXAMPLES Prostheses made from extruded polymer, expanded polymer.

3.28
synthetic texti

le prosthesis

vascular prosthesis made from synthetic yarns using textile fabrication methods

EXAMPLES Prostheses made by knitting, weaving, braiding of synthetic yarns.
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usable length

length of a
NOTE The

3.30

prosthesis available for implantation, determined under a specified fixed load

load may be zero for certain prostheses.

vascular prosthesis
vascular graft

prosthesis used to replace, bypass, or form shunts between sections of the vascular system

3.31
velour

fabric with
3.32
void
proportion

cf. porosity,
NOTE Thaj

3.33
water entry
pressure af

3.34
water pern
water poro
volume of

under a sp
NOTE 1 TH
NOTE 2 W]
3.35

xenograft (
heterograft

implant mal

4 Gener

The followi

h cut or looped pile or with a napped surface

bf the wall of a vascular prosthesis that is not occupied by the material of construetion

(3.19)

is, the interstices of a knitted or woven structure.

pressure
which water passes from the inner wall to the outer wall of\a vascular prosthesis

eability

ity

Clean, filtered water that passes during a specified period through a unit area of the pros
pcified pressure

e water permeability is usually determined.as miBm-2min! at an applied pressure of 16 kPa (120

ater permeability is not the same as porosity (3.19)

hdj.: xenoplast)

ferial made from the tissues of an animal of a different species from the host

Al requirements

g requirements should apply to all vascular prostheses, regardless of origin.

4.1 Configuration and size designation

hetic material

mHg).

The configuration of a vascular prosthesis shall be designated by its geometry, e.g. straight, bifurcated or tapered.

NOTE Some prostheses may be manufactured for specific applications, such as an axillo-bifemoral prosthesis, and should be
designated by their intended clinical use, not as “bifurcated.'

4.1.1 Uniform straight vascular prostheses

The size of

a)

a straight uniform vascular prosthesis shall be designated by the following characteristics:

nominal relaxed internal diameter of the device, expressed in millimetres;
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b) nominal pressurized internal diameter of the device, expressed in millimetres, under a distending pressure of at
least 16 kPa (120 mmHg), if this diameter changes by more than 10% while under pressure (see 5.6);

c) minimum usable length, expressed in centimetres.
4.1.2 Bifurcated uniform vascular prostheses

The size of bifurcated uniform vascular prostheses shall be designated by the nominal relaxed internal diameters
and the minimum usable overall length of the main tube and its branches, expressed in centimetres. Pressurized
internal diameters shall also be designated if required [see 4.1.1 b)].

4.1.3 Tapered vascular prostheses

The size of ajtapered vascular prosthesis shall be designated by the nominal relaxed internal diameterg of its ends
and its minimym usable length, both expressed in centimetres. Nominal pressurized internal diameters shall also be
designated if fequired [see 4.1.1 b)].
4.1.4 Other qonfigurations

For other corffigurations (e.g. an axillo-bifemoral prosthesis), the principal length(s); the nominal relaxed internal
diameter(s), 4nd the nominal pressurized internal diameter(s), if required, shall be\designated, and expressed in
millimetres or|centimetres as required.

4.2 Intendef clinical use designation

The intended [clinical use shall be designated by one or more of the follewing:
a) thoracic gortic and/or thoraco-abdominal;

b) abdomingl aortic and/or aorto-iliac, and/or aorto-femoral;

c) peripherdl arterial, including extra-anatomic (e.g. axilto-femoral arterial);
d) coronarylarterial;

e) arterio-vgnous shunt for vascular access;

f)  other vessels to be specified.

4.3 Materials and construction

4.3.1 Classif{cation

The classificafion of a.prosthesis shall be designated by one of the following:

a) synthetic|textile’(e.g. knitted, woven);

b) synthetic nontextiles (e.g. extruded polymer, expanded polymer);
c) biological (e.g. allograft, xenograft);

d) compound;

e) composite.

4.3.2 Nomenclature

4.3.2.1 Synthetic materials

Synthetic materials shall be described by:
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a) theirg

b) thege

ISO 7198:1998(E)

eneric or chemical name, in accordance with ISO 472 or ISO 2076;

neral nature of any chemical treatment or modification.

4.3.2.2 Biological materials

Biological materials shall be described by the following information:

a) theori

b)
c) thege

d) the sp

by the

4.3.2.3 Cda
For a coatin

Coatings sh

a) theno

b) theno
4324 St
Storage flu
a) thege
b) the nal

NOTE Atte
permitted le

4.3.25 Re

NOTE Res
prosthesis in

Residual clhemicals shall:be described by their specific chemical names wherever possible; otherwise

chemical n

4.4 Biocd

4.4.1 Bioc

gin of the material as the genus of the donor animal, in adjectival form;

neral nature of anv chemical treatment or madification.:
J 7

the type and site of the tissue (e.g. umbilical vein; carotid artery) or the type of material (e.g. collagen, albumin);

manufacturer on request.

atings

g, the amount, permanence, uniformity shall be determined.

all be described by the following information, as appropriate:
menclature of any synthetic component(s) in accordance with-4.3.2.1;
menclature of any biological component(s) in accordance.with 4.3.2.2.
brage fluids

ds shall be described by the following information:

neric or chemical name of the principal component(s);

ure and type of possible toxic hazards;

htion is drawn to the existencevof various international and national requirements with respe
els of potentially toxic materials.

sidual chemicals

dual chemicals refento/those processing and/or storage fluids or their derivatives that can be e
the implantable state (see 3.15).

hture shall be used.

mpatibility and biostability

bcific characterization of any biological material (e.g. the degree of crosslinking) thatyshal

be disclosed

t to maximum

tracted from a

| their general

ompatibility

Materials of which the prosthesis is made shall have been evaluated for biocompatibility in the implantable state
either individually or as part of the finished prosthesis in accordance with the principles and methods recommended
in ISO 10993-1.

Details of test methods and the results obtained shall be disclosed by the manufacturer of the prosthesis on
request.

Reassessment shall be made whenever changes are made in materials or in significant processing methods.
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4.4.2 Biostability

When the design of a prosthesis and its intended use as a chronic implant require that the prosthesis maintain some
minimum level of physical and chemical integrity after implant in living tissue for some time interval, the materials of
which the prosthesis is made shall be tested either individually or as part of the finished prosthesis.

A rationale for the test methods and the measured biostability shall be disclosed by the manufacturer on request
and may include:

a) the durability of materials currently used for the same indication;
b) the amount of time such a prosthesis is expected to perform in its indication for use, with consideration given to

&l | H L bk £ 4l +la. &l 4l £ £ 4 + + +l M
the perfo mance—ant—Ccrticar ity o otnetrprostmesesantometrrormsSortreatmentcarrenty-avah ble to treat

the targeted indication;

c) whether there are currently prostheses or other forms of treatment for the targeted indication.

These considgrations would, in some cases, be addressed by some form of risk-to-benefitanalysis.

4.5 Sterility

The prosthesis shall be supplied sterile.

NOTE The p4rticular problems of transfer of infective agents by prostheses_of{animal, including human, tissue should be
taken into accdunt when validating sterilization processes.

4.6 General information and instructions for use

Each unit container or outer container of which the contents<are identical shall be supplied with instructjons for the
use of the prosthesis. The instructions shall include the following:

a) indications for use;
b) contraindications, cautions, and warnings that are applicable;

c) recommgnded methods for the aseptic presentation and the preparation of the prosthesis for implantation,
including|any pretreatment such as-prewashing, preclotting, and/or implantation techniques, if applicable;

d) the statefnent STERILE DO\NOT RESTERILIZE SINGLE USE ONLY in prominent form, if applicable;
e) resterilizgtion information,vif applicable;
f)  notificatign of additives and/or leachable components, if applicable;

g) recommgndations for storage, if applicable;

h) date of or reference relating to the publication of the text, indicating if the text has been revised.

4.7 Packaging
4.7.1 Unit container

Each prosthesis shall be packaged in a unit container. The unit container shall be so designed that it shall be readily
apparent once the unit has been opened.

For prostheses supplied sterile, the unit container shall be designed to maintain the sterility of the prosthesis under
nominal conditions of handling, transit, and storage, and to permit the contents to be presented for use in an aseptic
manner.
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4.7.2 Outer container

Each unit container shall be packaged in an outer container. This outer container shall be designed so as to protect
the inner container from damage due to storage.

4.7.3 Ship

ping container

Each unit container, or a number of unit containers not necessarily of the same type, may be packaged in a
shipping container designed to protect the contents under normal conditions of handling, transit, and storage.

4.8 Marki

ng

48.1 Con

Each pros
information

a) name,

b) the mg

NOTE The
(e.g. porcing

the cor
straigh

c)

d) theno
the no
if apprg

if appr
pressu

9)

the wd
promin

h)

i)  manufg
)
NOTE If th
one number

sterile

ainer label

hesis shall be accompanied by a label(s) on an appropriate container(s). At least
shall be provided on the label(s):

address, and/or trademark of the manufacturer;

terial of construction and type of construction (see 4.3);

intention of clause references is to assist in adequately describing the device. It is not necessary t
xenograft, synthetic polyester).

figuration (see 4.1). A symbol may be substituted for a written description of the prosthe
#= bifurcated, | = axillo-bifemoral);

ninal usable length (see 5.4);
ninal relaxed internal diameter(s) (see 5.5);
priate, the nominal pressurized internal diameter(s) (see 5.6);

ppriate, porosity, mean water permeability, integral water permeability/leakage, and/o
e (see 5.2);

rds STERILE DO NOT\RESTERILIZE SINGLE USE ONLY, or equivalent phrase o
ent form, if applicable. (see 4.5);

icturer's batch orlot number;

ot number;

e manufacturer's batch or lot number (i) and the sterile lot number (j) can be traced to the same ir
need be given.

the following

b be redundant

Bis (e.g.

I water entry

symbols, in

formation, only

K)

1)

m)

date of

n)

0)

Steritization and/or the expiry/fexpiration date;

manufacturer's recommendations for storage, when applicable;
the chemical nature of any storage fluid in the unit container, with any appropriate hazard warning;

if appropriate, a prominent statement regarding preclotting requirements or restrictions.

4.8.2 Record label

for prostheses supplied sterile, a warning against the use of the device if the package is open or damaged;

Each prosthesis shall be supplied with at least three adhesive record labels suitable for attachment to the records of

the patient

receiving the implant. The record label shall include the following information:
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a) manufacturer's name and address;
b) product name;
c¢) manufacturer's batch and/or sterile lot number;

d) part or model number (manufacturer's catalog number).

4.9 Test reports

NOTE With some tests, reports may not be required.

49.1 Generat
When requested, test methods and results shall be disclosed in the form of a test report.
A test report ghall provide at least the following information:

a) manufacturer's or distributor's name;

b) location and date of test;

c) batch and/or lot number(s);

d) manufacturer's or distributor's specifications;

e) testresults;

f) statement of compliance or noncompliance with the testsymethods specified in the appropriate clduse of this
Internatignal Standard.

NOTE For thg purposes of this International Standard, the*unit grams is sometimes used as a representation of force, even
though it is recpgnized that grams is a unit of mass.

4.9.2 Additiophal information

In addition to the test report, the following-information shall be recorded:

a) material($) of manufacture, in accordance with 4.3;

b) the configuration and type ©f,construction of the prosthesis;

c) the dimensions of the pfosthesis in accordance with 4.1, 4.1.2, 4.1.3, 4.1.4;

d) a statement indieating whether each sample prosthesis has or has not been sterilized and, if apprppriate, the
method df sterilization used;

h £lo ol /o ¢ ol W oy Il Y - 41 Q4 <l <l
e) t e teSt ITUTUULS ) T aLlLuTudlivcT Wil e apgprupiialc LidustTos T s irnerriativniar otaruaru,

f) the atmosphere, including mean and tolerance for controlled environments, in which the prosthesis was
conditioned and/or tested;

g) the number of samples and the observations per sample;

h) the minimum and maximum values observed.

5 Requirements for finished prosthesis

NOTE Suggestions concerning appropriate tests for characterization, quality control testing and 100 % inspections may be
found in Table 1.

10
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Table 1 — Suggested appropriate tests
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TEST CHARACTERIZATION QC TESTING 100% INSPECTIONS
Surface properties X X
Porosity
Water permeability Select Select
Integral water permeability appropriate appropriate
Leakage test(s) test(s)
Water enfry pressure
Strength gfter repeated puncture X
Tensile sfrength X Select appropriate $elect
Bursting $trength X test(s) appropriate
Usable lehgth X X test(s)
Relaxed ihner diameter X X
Pressurized inner diameter X
Wall thichness X
Suture refention strength X
Kink resigtance X
All testing ay not be appropriate for all prosthesis designs. See NOTE in clause 8.

Justification shall be provided for the properties pot measured for characterization.

It is impospible, at publication of this laternational Standard, to take into consideration all future

technologigs. These emerging-technology prostheses will need to follow the basic test protocols of thi
Standard to characterize the device! Testing beyond the scope of this International Standard

necessary fo characterize new emerging technology prostheses. Consideration shall be given to the
of the progtheses and their effects on the performance of the device in identifying the appropriat
compound |prostheses, although it may be appropriate to conduct some of the testing described in thi
Standard dn components-of the prosthesis, testing of the device as a whole is also required. In
compound |prosthesis. ig partially constructed of a resorbable component, the nonresorbable portion
shall be characterized/as well as the device as a whole.

Each segment of a composﬂe prosthe3|s shall be tested In addition, any manufactured anastom05|
the requiremen :
8.3.2 0r 8.3.3.3).

Retesting shall be performed whenever significant changes are made in materials, construction,
application or processing methods.

and emerging
5 International
may also be
failure modes
b testing. For
5 International

dddition, if the

of the device

s shall satisfy
rength (either

configuration,

The test methods in this International Standard shall be used unless the design of the prosthesis is such that

alternative methods must be employed. An alternative method shall be validated and disclosed by the
of the prosthesis with a justification for the method selected.

5.1 Visual inspection

The prosthesis shall show no discontinuities in construction, and shall show no dirt, soiled areas,
loose patrticles or other defects that would render the prosthesis unsuitable for its intended use.

manufacturer

spots, stains,

11
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Testing shall be performed in accordance with 8.1.
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5.2 Porosity, water permeability, integral water permeability/leakage, and water entry pressure

Porosity, water permeability, integral water permeability/leakage, and/or water entry pressure shall be evaluated as
appropriate to the device. Justification shall be provided for the property(ies) selected to be measured.

5.2.1 Porosity

The mean porosity of the sample prosthesis shall be measured using one of the methods given in 8.2.1.

The mean porosity of the sample prosthesis shall be within the nominal range declared by the manufactu

rer.

5.2.2 Water

The mean wal

NOTE When
preclotting.

The water pe
nominal wate

5.2.3 Integrd|

bermeability

hpplicable, the manufacturer shall provide recommendations whereby the water permeability can bg

rmeability of the sample prosthesis shall be less than the maximum,“or within the tolera
permeability disclosed by the manufacturer.

water permeability/leakage

The mean integral water permeability/leakage and/or the anastomotic.leakage of the sample prosthes

measured usi

The integral
manufacturer

5.2.4 Water
The mean wal

The water er
disclosed by {

5.3 Strengt
The sample p
accordance W
Circumferenti

The value of

ng the method given in 8.2.3.

ater permeability/leakage of the sample prosthesis shall be less than the maximum disclg

bNtry pressure
ter entry pressure of the sample prosthesis shall be measured using the method given in 8.

try pressure of the sample sprosthesis shall be greater than the minimum or within th
he manufacturer.

—

rosthesis shallbe’tested for longitudinal tensile strength in accordance with 8.3.2, for burst
ith 8.3.3 and‘factory anastomotic strength in accordance with either 8.3.2 or 8.3.3.3, if
bl tensilestrength (see 8.3.1) is only required if burst strength cannot be readily measured.

tensile’ strength, burst strength and factory anastomotic strength shall be greater than th

values disclog

edby the manufacturer.

fer permeability of the sample prosthesis shall be measured using the method given«in 8.2.2.

b

reduced by

nce, of the

5is shall be

sed by the

D 4.,

b tolerance

strength in
applicable.

e minimum

NOTE Although the test methods given in 8.3.3.1 and 8.3.3.2 may be of equal validity for quality assurance purposes, they
are not necessarily equivalent. There are markedly different stress/strain relationships between uniaxial and biaxial stressing
for many prostheses.

For vascular prostheses with a designated intended clinical use for vascular access, the strength after repeated
puncture shall be measured. The measured value for the strength after repeated puncture of the sample prosthesis
shall be disclosed by the manufacturer.

Testing for strength after repeated puncture shall be performed in accordance with 8.3.4, which shall be disclosed
on demand by the manufacturer of the prosthesis with a justification for the method selected.

12
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5.4 Length

The usable length shall be measured and disclosed. The usable length of the prosthesis shall be no
declared by the manufacturer.

Testing shall be performed in accordance with 8.4.

5.5 Relaxed internal diameter

The specified limits for acceptance shall be as follows:

198:1998(E)

less than that

internal diameter

a) Forpr neses 0 axed internal diameter o 0 mmQ Ne mea =18 axed
shall eual the nominal relaxed internal diameter disclosed by the manufacturer, within a tolerafeg

b) For prpstheses of nominal relaxed internal diameter of 20 mm or less but greater than 10.mm,
relaxeql internal diameter shall equal the nominal relaxed internal diameter disclosed by the
within p tolerance of £ 1,0 mm.

c) For prostheses of nominal relaxed internal diameter greater than 20 mm,the measured re
diameler of the sample prosthesis shall equal the nominal relaxed internal diameter deg
manufacturer, within a tolerance of £ 5 %.

Alternative [limits for acceptance shall be justified.

Testing shall be performed in accordance with 8.5, which shall be disclosed on demand by the manu

prosthesis

5.6 Press

If the presq
more than

Testing sha

5.7 Wall thickness

The wall th

The wall th

5.8 Sutur

The suture

The suture

ith a justification for the method selected.

urized internal diameter

urized internal diameter exceeds the nomifal relaxed internal diameter declared by the mg
0 %, the nominal pressurized internal diameter shall be declared by the manufacturer [see

Ul be performed in accordance with.8.6.

ckness shall be measured in accordance with 8.7.

ckness shall be-within the tolerance as specified by the manufacturer.

e retention ‘'strength

retention strength shall be measured in accordance with 8.8.

of £ 0,5 mm.

the measured
manufacturer,
axed internal

lared by the

acturer of the

inufacturer by
4.8.11)].

retentiom strengtirstattbegreater tharmthe mimmuorr disclosed by the anufactorer.

5.9 Kink diameter/radius
The kink diameter/radius of vascular prostheses shall be measured and disclosed by the manufacturer.

Testing shall be performed in accordance with 8.9.

NOTE This test may not be applicable to all vascular prostheses (e.g. crimped textile prostheses).

5.10 Compliance

Compliance shall be measured and disclosed as appropriate to the device and in accordance with 8.10.
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6 Requirements for

in vivo preclinical and clinical evaluation

©1SO

In vivo preclinical and clinical evaluation may be necessary when safety and efficacy, or substantial equivalence,
cannot be demonstrated solely through in vitro testing.

NOTE

testing, including a failure mode analysis and design assessment.

6.1 Invivo

preclinical testing

Innovative products and/or products with specific claims, including a new clinical application, may require further

The purpose of in vivo precllnlcal testmg is to assess the short- term response and patency of the prosthe3|s the

response of
chemical and
testing is not

Each type of
animals for at
controlled in

group is just
examination

duration does
host tissue re
final analysis,

A prosthesis 9

The prosthes
the in vivo pre

Testing shall
disclosed by
particular, the

objectives of the study in this justification.

6.2 Clinical

The purpose

prosthesis fof

performance

An investigati
general mark
satisfied all g

biological propertles of the matenal(s) of constructlon mcludlng any coatlngs where appro
tended to demonstrate the long-term performance of the prosthesis.

prosthesis be tested by implantation at the intended, or at an analogous, vascular ‘site in
least 20 weeks in each animal unless a justification for a shorter term study lis provided.
ivo preclinical studies shall be used to collect comparable information, unless\the absence
fied. The duration of patency for each prosthesis shall be monitered by appropria
e.g. angiography, Doppler) and the results recorded. Loss of patency before the inte
not necessarily exclude the animal from the study population usedto assess prosthetic f
sponse. All animals implanted with either test or control prostheses, including those exclud
shall be recorded and reported.

hall not be tested in a species from which it was derived.unless justification is provided.

s shall be shown to be suitable for its intended use,\based on the objectives declared ang
clinical testing protocol (see 9.1.2).

be performed in accordance with 9.1, or by a validated alternative test method, whig
the manufacturer of the prosthesis. The design of in vivo preclinical testing shall be
experimental protocol, measurement methods, and data analysis. Consideration shall be ¢

evaluation

pf clinical evaluation is to assess the short-term (minimum 1 year) safety and efficacy of
a particular clinical) application. This evaluation is not intended to demonstrate the
bf the prosthesis.

on shall bercarried out for each new prosthesis or new clinical application of a prosthe
bting, using)the principles given in ISO 14155 or an equivalent publication. The prosthesis
ppropriate requirements of clauses 4 and 5 and 6.1 of this International Standard befg

clinical evalu

tiont

e physical,
priate. This

at least six
Appropriate
of a control
te periodic
nded study
inction and
ed from the

justified in

h shall be
justified: in
iven to the

a vascular
long-term

Sis prior to
shall have
re starting

NOTE 1 Clinical"evaluafion conducted In the thoracic aoriic Implant siie may be used 10 support straight abdominal aortic
applications.

The clinical evaluation shall be conducted at a minimum of three institutions, each of which shall implant a minimum
of 10 of the prostheses. The smallest diameter of a prosthesis, with a representative sample of all other diameters
to be marketed for the particular clinical application, shall be included in the clinical evaluation (see NOTES).

For a prosthesis that is infrequently used, a clinical evaluation using an appropriate smaller number of patients shall
be conducted at a minimum of three institutions. A justification of the numbers studied shall be provided.

NOTE 2 Additions of diameters to a marketed prosthesis for the same clinical application may require further clinical
evaluation.

14
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NOTE 3 For a compound prosthesis constructed of a biological resorbable component and a currently marketed substrate
(e.g. knitted or woven fabric), the smallest diameter of the prosthesis is not required to be included in the clinical evaluation,
provided that this diameter of the substrate is marketed.

The clinical evaluation shall be continued for a minimum of 12 months in each patient. Loss of patency before the
intended study duration does not necessarily exclude the patient from the study population used to assess
prosthetic function. All patients implanted with either test or control prostheses, including those excluded from the
final analysis, shall be recorded and reported.

NOTE 4 Itis advisable to continue the follow up until at least 24 months after the last prosthesis has been implanted.

NOTE 5 For a new prosthesis constructed of a biologic resorbable component used in a currently marketed prosthesis and a
different currently marketed substrate, a 6-month study duration may be appropriate.

Objective gvidence of safety and efficacy shall be provided. This evidence shall be compared to data|collected and
analyzed in an equivalent manner from patients managed by currently accepted medical and/or'surdical treatment
(control grqup). Justification shall be provided for the choice of control group, measurement methods, [and statistical
analyses employed.

The clinical| data shall be collected, analyzed, and recorded in accordance with 9.2, erby a validated glternative test
method, which shall be disclosed by the manufacturer of the prosthesis on demand.

The design of the clinical evaluation shall be justified: the total number of recipients of the prosthesis| the protocol,

measurement methods, and data analysis being justified according to appropriate statistical methods. Consideration
shall be giVlen to the objectives of the study in this justification.

7 Sampl|ng

During development, a sampling plan should be utilized which will ensure that an adequate represgntation of the
data has bg¢en obtained for each parameter under evaluation.

7.1 Sampling for characterization
The desigr] characteristics of the vascular prostheses must be verified to be representative of the devices to be

released fqr distribution. For characterization a minimum of three random samples from each of three random
batches or Jots shall be used.

7.2 Sampling for quality control
7.2.1 Ranglom sampling

Where a pfosthesisiis)manufactured by a discontinuous or individual process (i.e. where the process$ is of a lot or
batch type), thentandom samples shall be taken from each lot or batch.

7.2.2 Time interval sampling

Where a prosthesis is manufactured by a continuous process, the batch may be designated by an elapsed period of
production, when samples shall be taken at fixed time intervals during the production run.

7.2.3 Number of samples

The number of samples taken for a test shall be in accordance with ISO 2859-1 and 1SO 2859-2 having regard to a
declared AOQL (Average Outgoing Quality Limit) and the number of items in the lot or batch. (see NOTES).

NOTE 1 Alternatively, it may be preferable to use AQL (Acceptance Quality Level) in place of AOQL.

NOTE 2 The number of samples may alternatively be determined by the manufacturer if the sampling plan is based on a
validated process with historical data showing the validity of their alternate sampling plan.

15
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8 Test met

hods for vascular prostheses

©1SO

NOTE 1 Each test method may not be appropriate for all prosthesis designs. The codes given below will give guidance as to
which test methods may be appropriate:

A All type prostheses

B Biological

C Coated

N Synthetic nontextile

T Synthetic textile

NOTE 2 Compound or composite prostheses may encompass one or more of the above categories.
8.1 Visual inspection (A)

8.1.1 Principle

The prosthesi
8.1.2 Apparg
Apparatus to
a) acontroll
b) asource
8.1.3 Sampli
Sampling shal
8.1.4 Testpr
Examine the
discontinuitieg
particles, or o
8.1.5 Expres
The number @

8.1.6 Testre

5 is examined visually for defects.

tus

be used include:

Pd air environment, e.g. a cleanroom or cabinet;

of diffuse back-illumination, and/or direct illumination.

L

[ be 100 %.

pcedure

prosthesis by unmagnified,-corrected vision under illumination for the presence of holeg
or imperfections of fabrication, and for the presence of dirt, soiled areas, spots, st

her defects that wouldrender the prosthesis unsuitable for its intended use.

Sion of results

f units accepted and rejected shall be recorded.

ports @nd additional information

and other
ains, loose

A test report i

b net normally required (see NOTE in 4.9).

8.2 Determination of porosity, water permeability, integral water permeability/leakage, and water

entry pressu

8.2.1 Determination of porosity

re

(N)

One of the following methods shall be used:

a)

planimetric porosity;

b) gravimetric porosity;

<)

16

microscopic porosity.


https://standardsiso.com/api/?name=a07f346b20241e45ed135f2d8262610c

©1SO

ISO 7

198:1998(E)

NOTE The planimetric and gravimetric methods provide a direct measurement of porosity, while the microscopic method

provides an

An alternati

index of porosity in terms of internodal distance or mean pore diameter.

ve method may be used provided that there is documented evidence that it is equivalent.

8.2.1.1 Planimetric determination of porosity

8.2.1.1.1 Principle

This test is intended to determine the area of the voids and/or the area of the material on the sample prosthesis by
means of measurements made on a scanning electron micrograph or optical micrograph. If there is a difference
between the inner and outer surface, both should be characterized unless justification is provided for the surface

measured.

8.2.1.1.2 A
Apparatus

a) equipn

visual

b) a devi

accurg

[«

8.2.1.1.3 4
Sampling s
8.21.14 T
From each
a) prepar

b) prepar

examimfed (inner or outer) shall be recorded.

NOTE The
available.

Examine th
size of the

8.2.1.1.5 H

Porosity sh
equation:

\pparatus
0 be used include:

hent for preparing a scanning electron micrograph of a section of the prosthesis, or equip
bxamination and/or photography of the specimen or a section of the specimen by light micr

ce such as a microplanimeter, micrometer, or computer digitizing=table capable of me
cy of £ 1% of the manufacturer's declared mean pore diameter or,internodal distance.

bampling

hall be in accordance with clause 7.
[est procedure

sample prosthesis, either:

e a scanning electron micrograph(s);

e a photograph(s) for optical examination of the surface of the sample (see NOTE),

degree of magnification is,dependent upon the nature of the sample and the measuring appar

e electron micrographs or the photographs using the measuring apparatus (8.2.1.1.2) and
boids, the number of voids per square millimetre, and the area of the material.

Expression gf-results

all be.expressed as a percentage. Calculate and record the porosity (P) of each test spec

ent to enable
SCopy;,

asuring to an

The surface

atus (8.2.1.1.2)

determine the

men from the

P=1

total area of voids
total area of voids + total area of material

00 x

Calculate and record the mean standard deviation of the porosity.

8.2.1.1.6 Test report and additional information

The test report shall include the surface examined, its dimensions, and the mean and standard deviations of the
porosity of the sample prostheses, and the details required by 4.9.1.

Additional i

nformation shall be recorded in accordance with 4.9.2.

17
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8.2.1.2 Grav

imetric determination of porosity

8.2.1.2.1 Principle

©1SO

The measured mass per unit area of the sample prosthesis is compared with the product density and the wall
thickness of the sample.

8.2.1.2.2 Apparatus

Apparatus to be used include:

a) a balance, capable of weighing with an accuracy of + 0,1 % of the mean sample mass;

b) equipmerl\t for measurement of the area of the sample with an accuracy of £ 2 % of the test ared.

NOTE The m
and either 8.5
to be disclosed

C) equipmer

d) equipmer

8.2.1.2.3 Sainpling

Sampling sha|

8.2.1.2.4 Tes

Each sample
a)
b)
NOTE |If the u

c) the wall th

d) the densi

of a suitalple density gradient method.

8.2.1.2.5 EXx|

the total mass (m) in grams;

the total area (A) in square millimetres;

basurement of area may be derived from separate determinations of length and diameter,.as des
or 8.6; alternatively a cut, flat sample may be used. The pressurized internal diameter(need only b
in accordance with 5.6;

t for measurement of wall thickness, as described in 8.7;

t for density gradient column determination.

| be in accordance with clause 7.

t procedure

Should not be less than 100 mm in length, Determine the following:

sable length (L) and the internal.diameter (D) are measured separately, then A=ntD L.

ickness (1) of both specimens, in millimetres, using the method given in 8.7;

y (p) of the fibrous”or polymeric material in each specimen, in grams per cubic centimetre

ression of results

Cribed in 8.4
e used if it is

. by means

Porosity shall

be_expressed as a percentage.

Calculate and

P = 100

Calculate and

18

record the porosity (P) of each sample from the equation:

0

(1000 M)
x -
0

bl
Atp 0O

record the mean and standard deviation of the porosity.
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8.2.1.2.6 Test report and additional information

The test report shall include the mean and standard deviation of the porosity of the sample prostheses and the
details required by 4.9.1.

Additional i

8.2.1.3 Mi

nformation shall be recorded in accordance with 4.9.2.

croscopic determination of porosity

8.2.1.3.1 Principle

This test is intended to determine the main internodal distance in stretched or expanded polymers or mean pore

diameter a

nd number of pores per square millimetre in cast or dippnd pnlymprc hy means of measurements made

on a scan
surfaces, b

NOTE This

8.2.1.3.2 /
Apparatus

a) equipn

visual

a devi
measu
distan

b)

[«

N

8.2.1.3.3
Sampling s
8.2.1.34 T

Prepare a
optical magd

NOTE1 T
available.

Determine
Perform thi

Alternativel
each photo

NOTE 2 In

ning electron micrograph or optical micrograph. If there is a difference between thedn
pth should be characterized unless a justification is provided for the surface measured;

is an index of porosity, rather than a direct measure of porosity.
\pparatus
0 be used include:

nent for preparing a scanning electron micrograph of a section of the” prosthesis, or equip
bxamination and/or photography of the specimen or a section @f the specimen by light micr

ce such as a steel ruler, micrometer, measuring eyepiece, or computer digitizing tab,
rement to an accuracy of £1 % of the manufacturer's declared mean pore diameter
e.

bampling

hall be in accordance with clause 7.

[est procedure

scanning electron micrograph«of a section of the test specimen, or examine and photog
nification.

e degree of magnification, iSdependent upon the nature of the sample and the measuring appar
the distance between the inner edges of neighbouring nodes in the direction of the filam
5 determination-on at least six locations from each photomicrograph.

y, determine the diameter of a pore. Repeat this measurement on at least six representati
micrograph. Count the number of pores in a known area.

ner and outer

ent to enable
SCopy;,

e capable of
or internodal

raph it under

atus (8.2.1.3.2)

ents or fibrils.

ve pores from

ernodal distances of 5 um or less are not considered nodal separation, i.e. only internodal distan|

ces of 6 um or

greater should be recorded.

8.2.1.3.5 Expression of results

Mean and standard deviation of the internodal or mean and standard deviation of the pore diameter shall be

expressed

in micrometres (um).

Calculate and record the mean and standard deviations of the internodal distance or the mean and standard
deviations of the pore diameter, and the number of pores per unit area.

19
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8.2.1.3.6 Test report and additional information

The test report shall include the surface examined, its dimensions, the mean and standard deviations of the
internodal distance of the sample prostheses or the mean and standard deviations of the pore diameter of the
sample prostheses, and the details required by 4.9.1.

Additional information including, where appropriate, the mean and standard deviations of the number of pores per
unit area, shall be recorded with the details required by 4.9.2. When a pore is not circular, a description of the

diameter measured shall be provided.

8.2.2 Determination of water permeability

8.2.2.1 Prin

(T, C)

ble
P+

This test is in
given hydrost

8.2.2.2 Appq

Apparatus to

tended to measure the rate of flow of water through a given area of the sample prosthe
htic pressure.

ratus

pe used include:

a) a flow-m

within 2 % of the full scale range and to an accuracy of + 2 % of the full scale reading;

NOTE More tlhan one such device may be required to cover the range of flowrates encountered during testing.

b) a pressu
capable
(= 2 mmH

c)

a sample
1) thed
+19

2) thed

NOTE
should be statg
shall also be n

3) therg

diam
4) leaks

NOTE Examp

If a narow sample is to be tested, the-aperture may be in the form of a rectangle. When this form of apertul

asuring device, such as a weighted receptacle or an integrating floMrumeter, capable of be

e measuring device, such as a pressure transducer, a-manometer, or a vertical stands
bf measuring hydrostatic pressures of up to 19kPa (140 mmHg) to an accuracy o

9);
holding device, designed so that:

rea of the aperture of the holding device-is between 0,5 cm” and 1,0 cm?, measured with a
0,

onfiguration of the aperture is gircular (see NOTE);

d in the test report, together,With its dimensions measured to a precision of £ 1 %. The orientation d
ted.

are no bends orchanges in diameter of the flow pathway within a distance from the test sa
bters of the testdrea;

around the sample are not observed;

es’of suitable holders are given in figures 1, 2 and 3.

5is under a

ing read to

rd column,
+ 0,3 kPa

brecision of

re is used, it
f the sample

imple of six

d) a means of supplying clean, filtered, room-temperature water to the sample holding device to a pressure of

16,0 kPa

(120 mmHg) for the duration of the test.

8.2.2.3 Sampling

Sampling sha

Il be in accordance with clause 7.

8.2.2.4 Test procedure

The sample prosthesis may be submerged in clean, filtered water at room temperature to wet the sample prior to

testing.

Load the sam

20

ple into the holder, stretching the sample sufficiently without distorting the material.
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Key

1 Boss

Figure 1 — Water permeability tester — Sample’holding device (example 1)

Key
1 O-ring

Figure 2 — Water permeability tester — Sample holding device (example 2)
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|- /)
IS /7

/8

C— [ N ' N

a) Open position b) Closed position

Key

1 Spring extended

2 Arm opening 0,5 cm or 0,798 cm in diameter
3 Spring compressed
4

Test fabric glaced here

Figure B — Water permeability tester — Sample holding device (example 3) — Bottom assembly

NOTE StretcHing may be accomplished by means of clips and weights or by flattening the sample with a narrow $patula. This
stretching of the sample should approximate the usable length conditions (see 8.4) and, in the case of crimped constructions,
will remove moft of the crimp.

Turn on the water flow,system and adjust until a pressure of 16,0 kPa + 0,3 kPa [(120 + 2) mmHg], as indicated on
the pressure-measuring-device, is obtained. Measure the flowrate of water passing through the sample for a period
of 60 s £ 1 s, furing/which the system is operating under steady flow (steady state) conditions.

8.2.2.5 Expression-ofresults
Water permeability shall be expressed in millilitres per centimetre squared per minute (ml-cm™2-min'1).
Calculate and record the water permeability from the equation:
Water permeability = Q/A
where:
Q = flowrate through the sample, in millilitres per minute;
A = cross-sectional area of the aperture in the sample holder, in square centimetres;

Record the area and, if appropriate, dimensions of the aperture.
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8.2.2.6 Test report and additional information

The test report shall include mean and standard deviations of the measured water permeability of the sample
prostheses, the dimensions of the aperture, if rectangular, and the details required by 4.9.1.

Additional information, including the area of the aperture, shall be recorded together with the details required by

4.9.2.

8.2.3 Determination of integral water permeability/leakage

8.2.3.1 Pri

This test is

_mmwmmmgmmmmmw_ﬁo measure a
ive segment in tubular form under a pressure of 16 kPa (120 mmHg). The test segment Shall include any

represental
areas whe
bifurcated (

8.2.3.2 Ap

Clean, filte

NOTE Oth

A set of ad
seal betwe
connected
connected
pressure-ni
pressure d
prosthesis
be accomp

(B.C)

nciple

re leakage is of concern (e.g. factory anastomoses). The test will accommodateyhoth
onfigurations.

paratus

ed, room-temperature water should be used.
br solutions, such as buffered saline, may be used.

hpters specific for the internal diameter of the prostheses to bedested are used to mount the
en the sample prosthesis and the adapters must be waterdight. The prosthesis adapte
to a fixture which allows one end of the prosthesis tg extend freely while pressurized.
to a pressure-regulated system capable of delivering ‘water at greater than 16 kPa (]
easuring device, e.g. a transducer, gauge or standafd column, is configured to measure th
f the prosthesis during the test. A means for.measuring the volumetric flow of wate
vall, and/or a means for collecting the leakage from a factory anastomosis, shall be emplo
lished by a flowmeter, displacement or collection method. A timer is used to time the tes

determining the test length of the prosthesis, in centimetres, from seal to seal is used.

8.2.3.3 SA
Sampling s
8.2.34 Te
The prosth

Seal distal
water-tight

Connect th
technique.
increase th

mpling

hall be in accordance with clause 7.

St procedure

bsis should be tested-inits implantable state.

end(s) with a-plug or tightly fold or roll the distal end(s) approximately 2 cm and clamp
seal.

e sample” prothesis to the adapters specific for the internal diameter using a wate
Cornect the adapters and prothesis to the pressure delivery and measurement fixty
elintraluminal pressure in the sample, bleeding off entrapped air. Pressurize to 16,0

straight and

e sample. The
I assembly is
The fixture is
20 mmHg). A
e intraluminal
r through the
yed. This may
. A means of

to maintain a

-tight sealing
re. Gradually
kPa + 0,3 kPa

(120 mmHg £ ZmmHg). Allow the 1low 10 stabilize and measure the leakage througn the prostnesis wall for 60 s. If
a water-collection method is used, leakage through the body and legs of bifurcates may be measured separately.

8.2.3.5 EX

pression of results

The surface area of the prosthesis or segment is calculated, and the water permeability expressed as millilitres per
centimetre squared per minute. For anastomotic leakage, the leakage in the region of the anastomosis shall be
expressed as millilitres per minute.

8.2.3.6 Te

st report and additional information

The test report shall include the mean and standard deviations of the water permeability and/or anastomotic
leakage of the sample prostheses, and the details required by 4.9.1.
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Additional information shall be recorded in accordance with 4.9.2.

8.2.4 Determ

ination of water entry pressure

(N)

8.2.4.1 Principle

This test is int

8.2.4.2 Appa

ended to determine the water entry pressure of vascular prostheses.

ratus

©1SO

Apparatus to be used include a machine capable of incrementally pressurizing samples until leakage occurs. An
appropriate pressure transducer should also be used.

8.2.4.3 Samﬂ)ling

Sampling sha
8.2.4.4 Test

Samples are
then increase
terminated. T

8.2.4.5 EXxprq
The pressure
8.2.4.6 Test

The test rep
prostheses, a

Additional infq
by 4.9.2.

8.3 Determination of strength

NOTE Separg
tensile strength

8.3.1 Determ
8.3.1.1 Princ

The sample p
the yield and/

| be in accordance with clause 7.
brocedure

filled with water and pressurized to an initial value determined by the manufacturer. The
d gradually. Once water is observed on the external surface, the presSure is recorded 3
Nis is the water entry pressure.

bssion of results
shall be recorded in kilopascals (millimetres mercury).

report and additional information

nd the details required by 4.9.1.

rmation, including the rate of pressure increase, shall be recorded together with the deta

s of a sample prosthesis,-Both tests shall be applied when appropriate.

ination of circumferfential tensile strength (A)
ple

rosthesishin its tubular form is placed onto two rounded pins. It is then stretched at a unifor
br break-point is reached. The test is a modification of ISO 5081.

pressure is
nd the test

prt shall include the mean and standard deviations of the water entry pressure of {he sample

ils required

te tests, applying a unidirectional stress, are required for determining the longitudinal and the cijcumferential

Im rate until

8.3.1.2 Appq

ratus

Apparatus to be used include:

a)

a tensile testing machine meeting the requirements of 1ISO 5081, having a constant rate of traverse, and with

appropriately sized pins and suitable holders over which the sample prosthesis may be threaded: a suitable

example
b)
c)

is given in figure 4 a) and b);

a measuring device accurate to + 0,5 mm, e.g. a ruler or vernier calipers;

apparatus to measure the relaxed internal diameter (see 8.5).

8.3.1.3 Sampling

Sampling sha

24

Il be in accordance with clause 7.
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—_

B —

a) Schematic

o b w N

Key

Tensile tester
Split bar
Sample

Pin diameter

1

b) Front view

P separation

Figure 4 — Split bar tester
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8.3.1.4 Test procedure

Cut a test specimen from the sample prosthesis with a length not less than the nominal relaxed internal diameter
(8.5). After careful removal of any crimp, measure and record the length of the specimen (L) in millimetres to an
accuracy of £ 0,5 mm. Thread the specimen over the two pins. Care should be taken to ensure that the specimen is
not stretched or twisted, and slack should be kept to a minimum. Stretch the specimen at a steady rate of
50 mmmin to 200 mmiint until the break point is reached. Determine the load at yield or break, i.e. the
maximum load (T,_,), to an accuracy of + 2 %, and record the rate of extension (see figure 5), if appropriate.

aX:

Load

Tmax

Extersion

Key
1 Yield
2 Break

Figure 5 — Load/extension curve

8.3.1.5 Expression of results

Calculate the|circumferential tensile strefigth of each sample, expressed as kilonewtons per millimetre,|by dividing
the maximum(load (T, ) by the originaMNength of the sample.

axX:

T
Maximunj load/Length = —H&¢

8.3.1.6 Test feport and-additional information

prostheses, the-strain rate with rationale if not within the specified range (see 8.3.1.4), and the details [equired by
4.9.1.

The test rep;I:rt shattinclude the mean and standard deviations of the circumferential strength of the sample

Additional information shall be recorded in accordance with 4.9.2.

8.3.2 Determination of longitudinal tensile strength (A)

8.3.2.1 Principle

The sample prosthesis in its tubular form is placed with its ends in suitable jaws. It is then stretched at a uniform
rate until the yield and/or break point is reached. The test is a modification of ISO 5081.
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8.3.2.2 Ap

ISO 7198:1998(E)

paratus

Apparatus to be used include:

a)

a tensile strength machine meeting the requirements of ISO 5081, having a constant rate of traverse and

suitable jaws to hold the sample prosthesis firmly without damaging its structure (because such damage might
cause the break to occur prematurely at the jaw margins);

b)
8.3.2.3 Sa

Sampling

a measuring device accurate to + 0,5 mm, for example, a ruler or vernier calipers.

mpling

allbhe in accordancewith clause 7

8.3.2.4 Te¢
If testing fal

Soak sam
prosthesis

Place the €
should be
kept to a
reached. D
extension (|
8.3.2.5 EX

The longitu
M3
8.3.2.6 Te
The test rg
prostheses|
49.1.
Additional i
8.3.3 Detsg

NOTE The

One of the

a
nlinimum. Stretch the specimen at a steady rate of 50 mmtin®d 16 200 mmitin1 until the

St procedure
Cctory anastomotic strength, a region incorporating the anastomosis should be tested:

ple prosthesis to manufacturer's specifications, if applicable. Remove_synthetic mesh
before testing, if appropriate.

nds of the sample prosthesis in the jaws with an initial separation of\between 50 mm and

ken to ensure that the sample is not stretched, twisted, or damaged by the jaws, and sl
ptermine the load at yield or break, i.e. the maximum load (T%,,). to an accuracy of + 2 % &
5ee figure 5), if appropriate.

ax

pression of results

dinal tensile strength of each sample is expressed in kilonewtons as:

ximum load = T,

St report and additional information

port shall include the mean and standard deviations of the longitudinal tensile strength
the strain rate (with rationale; if not within the specified range, see 8.3.2.4), and the deta

hformation shall be.fecorded in accordance with 4.9.2.

(A)

tests describéd in this subclause are alternatives to those in 8.3.1. Attention is drawn to the NOTES

rmination of burst strength

three following methods shall be used:

covering the

|50 mm. Care
hck should be
break point is
nd the rate of

pf the sample
Is required by

in 8.3.

a) diaphr
b)

C) pressu

gm hurst cfrongfh (fhic 1s a maodification-ofthe method cpor\ifimrl nl1so ')ORH)-
- SSHeRgHtHHSHSa-hoaiieadoh-othehRetnioaSpececi— = 0

probe burst strength;

rized burst strength.

All have equal validity, but the pressurized burst strength (8.3.3.3) shall be the preferred method for
characterization.
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8.3.3.1 Determination of diaphragm burst strength

8.3.3.1.1 Principle

©1SO

An area of the sample prosthesis to be tested is clamped over an elastic diaphragm by means of a flat annular
clamping ring, and an increasing fluid pressure is applied to the underside of the diaphragm until the specimen

bursts.

NOTE This method is usually not appropriate for tightly woven fabrics.

8.3.3.1.2 Apparatus

Apparatus to

be used include a bursting strength tester in accordance with ISO 2960, but with a clampi

ng ring of a

diameter suc

diameter, it njay be necessary to use a tester with a smaller orifice. In this case, the size of thelorifi

reported.

8.3.3.1.3 Sainpling

Sampling sha

8.3.3.1.4 Tes
Cut a length

Place the flat
diaphragm ar
clamping ring

8.3.3.1.5 Exj

The bursting
millimetres, a

8.3.3.1.6 Tes

The test repo|
and the size g

If not in the te
of the orifice,

8.3.3.2 Dete

n that the area under test is normally 100 mm2. For prostheses of small nominal retax

| be in accordance with clause 7.

t procedure
rom the sample prosthesis along its longitudinal axis and-\flatten it to form a single thick
sample over the orifice in the baseplate of the test apparfatus so that the sample completely

d, for crimped constructions, remove the crimp without distorting the fabric structure.
Increase the pressure at a uniform rate. Record the bursting pressure.

ression of results

nd the nominal inside diameter of theprosthesis tested in millimetres.

t report and additional information

It shall include the mean .and standard deviations of the bursting pressure of the sample
f the orifice if the test-aréa was less than 100 mm2 and the details required by 4.9.1.

st report, additional information, including the method of testing, the pressurization rate, g
shall be recorded together with the details required by 4.9.2.

minatien of probe burst strength

8.3.3.2.1 Principle

ed internal
ce shall be

ness sheet.
covers the
Secure the

pressure of each sample shall be expressed in kilopascals (kPa), the size of the orificg in square

prostheses

nd the size

An area of the sample of the prosthesis to be tested is clamped over an orifice by means of a flat annular clamp
ring, and a cylindrical probe with a hemispherical head is traversed through the specimen until it ruptures. The
applied load is measured continuously during this procedure.

8.3.3.2.2 Apparatus

Apparatus to be used include:

a) a tensile testing machine, having a constant rate of traverse and meeting the requirements of 1ISO 5081, and
capable of operation in the compression mode or fitted with a suitable compression cage;
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b) a sample holder with a clamping ring and a traversing probe. A suitable apparatus, including the dimensions, is

given in figures 6 and 7.
The complete test equipment shall have an accuracy of + 5 %.
8.3.3.2.3 Sampling

Sampling shall be in accordance with clause 7.

Dimensions in inches

1/2

21/2

a) Base of holder, top view

1/4

b) Base of holder, side view

35/8

16

21/2

c) Top of holder;,.tep view

d) Top of holder, side view

21/2
2
1
e) Probe
Key
1 1/4 in screw, sides flattened
2 Turn hemisphere and polish
NOTE 35/8in=92mm 2in=51mm 5/16 in=7,9 mm
21/2in=64 mm 3/8in=9,5mm 1/4 in = 6,4 mm

Figure 6 — Example of a probe burst test sample holder — Centre opening to 0,445 in diameter,
recessed gasket of fibre-rubber composition 1 in o0.d., 3/4 ini.d.
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@ 0,445

o

Key
1 Hemispheri
2 Gasket

©1SO

Dimensions in inches

al radius

3 Break sharg edge

NOTE 0,445

n=11,3mm

Figure 7~==-Example of a probe burst tester

8.3.3.2.4 Test procedure

Cut a length

Place the flat
orifice. For cri
Align the bas

rom the samplé prosthesis along its longitudinal axis and flatten it to form a single thick
sample over theorifice in the baseplate of the test apparatus so that the sample completely
mped constructions, remove the crimp without distorting the fabric structure. Secure the cla

hess sheet.
covers the
mping ring.

plate and the probe, either in the jaws of the tensile tester or in the compression cage, so

hat the two

orifices and the probe are all concentric. Lower the probe until it just touches the test sample. Travers¢ the probe
through the dample at a constant rate until it bursts. Record the probe diameter, the rate of traverge, and the

maximum burstimgtoad-foreactrsampte:

8.3.3.2.5 Expression of results

The probe diameter shall be expressed in millimetres, the rate of traverse in millimetres per minute and the bursting
load in kilonewtons.

8.3.3.2.6 Test report and additional information

The test report shall include the mean and standard deviation of the bursting load, the probe diameter, the rate of

traverse, and

the details required by 4.9.1.

Additional information shall be recorded in accordance with 4.9.2.
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8.3.3.3 Determination of pressurized burst strength
8.3.3.3.1 Principle

The sample prosthesis is distended by either:

a) filling the prosthesis directly with fluid; or

b) placing a balloon inside the prosthesis and filling the balloon with fluid at a measured rate of pressure change
until bursting of the sample prosthesis takes place.

8.3.3.3.2 Apparatus

The apparlitus to be used includes a system capable of measuring and recording pressure to grgater than the
bursting preéssure of the sample with either:

a) an apparatus capable of applying a steadily increasing fluid or gas pressure to thehinside of the sample
prosthesis extended to its usable length; or

b) a balloon distension apparatus as described in 8.6.2.

NOTE For pither method, several devices may be required to cover the range of samples to be measured.
8.3.3.3.3 $ampling

Sampling shall be in accordance with clause 7.

8.3.3.3.4 PRrocedure

Carefully ipsert the balloon through the sample prosthesis or attach the sample prosthesis directly to the
pressurizatjon apparatus.

NOTE It mfy be necessary to lubricate the balloon with a light silicone grease to facilitate insertion.

Attach the pressure-measuring device so that itywill record the pressure inside the sample prosthesis| Feed fluid or
gas to produce a steady rise in pressure, Measure the pressure inside the sample prosthesis. Recqrd the rate of
pressure rige and the pressure at which-gither the sample prosthesis bursts or the test is discontinued

8.3.3.3.5 HKxpression of results
The rate of|pressure rise shall'‘be‘expressed in kilopascals per second, and the bursting pressure in kilopascals.
Calculate gnd record themean and the standard deviations for the bursting pressure.
8.3.3.3.6 Test report.and additional information

The test repart'shall include the mean and standard deviation of the bursting pressure of the sample pfostheses and
the details fequired by 4.9.1.

Additional information, including the method of testing and the rate of pressurization, shall be recorded, together
with the details required by 4.9.2.

8.3.4 Determination of strength after repeated puncture (A, if applicable)
8.3.4.1 Principle

This test is intended to determine the strength of a prosthesis after repeated puncture to simulate dialysis use.
Samples are punctured repeatedly and then tested for pressurized burst strength according to 8.3.3.3 or
circumferential tensile strength according to 8.3.1.
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8.3.4.2 Apparatus

©1SO

A 16-gauge dialysis needle shall be used to puncture the sample prothesis repeatedly. For other test equipment,
refer to appropriate strength test (see 8.3.1 or 8.3.3.3).

8.3.4.3 Sampling

Sampling shall be in accordance with clause 7.

8.3.4.4 Test

procedure

Samples are punctured 0, 8, 16 and 24 times per square centimetre of prosthesis external surface area (see
NOTE)_ Punc ||ring shall he limited to ane-third of the pmqthpcic circumference (QDP figum R)

NOTE The va

and 18 month
prosthesis.

Samples sho

dld be tested for strength.

8.3.4.5 Expression of results

The strength

Key

pefore and after puncturing is reported in the same manner as the appropriate test section.

T 7200

ues 8, 16 and 24 punctures per square centimetre of external surface area correspond to approximately 6, 12
4 of clinical use. This assumes 6 punctures per week on one-third of the outer surface area-of al 30 cm long

1 Puncture test section

2 Graft

32

Figure 8 — lllustration of graft puncture test
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st report and additional information

The test report shall include the mean and standard deviation of the strength before and after puncturing of the
sample prostheses, and the details required by 4.9.1.

Additional information, including the test method and the number of samples, shall be recorded with the details
required by 4.9.2.

8.4 Determination of usable length ( A)

pscribed load,

es, to permit

in the clamp.
in involving a
at intended to

8.4.1 Principle
The usablg length of the prosthesis shall be measured. The length shall be measured under a (rs
which may |be zero.
8.4.2 Apparatus
Apparatus o be used include:
a) a tapg or scale of adequate length having an accuracy of 1 mm, gradUated in millimetn
measyrements of various lengths of prostheses and, where appropriate;
b) a suitable device to clamp the prosthesis at one end (fixed clamp) andya means of applying a spécified tension
(e.g. vla a movable clamp) to the other end of the sample, such as:
1) amanual grip;
2) appring-loaded scale or balance pan and a series of weights having an accuracy of + 0,5 g.
8.4.3 Sampling
Sampling shall be in accordance with clause 7.
8.4.4 Test|procedure
If approprigte, place the sample prostheSis in the fixed clamp so that a minimum amount of sample ig
Apply tensjon to the other end of the‘sample by a suitable means (e.g. via a movable clamp), agd
minimum amount of sample. Allow-the’sample to extend. The applied load shall not be greater than th
be applied pt implantation.
Record loafl applied and length.

8.4.5 Expiession of results

The usable

length-of each prosthesis shall be expressed in centimetres, and the applied load in newto

NS.

8.4.6 Tes

report and additional information

The test report shall include the mean and standard deviations of the usable length of the sample prostheses, and
the details required by 4.9.1.

Additional information, including the load applied, shall be recorded, with the details required by 4.9.2.

8.5 Determination of relaxed internal diameter

(A)

8.5.1 Principle

This test is intended to determine the relaxed internal diameter of a prosthesis either by fitting it over a conical gauge or

by inserting

a series of cylindrical mandrels.
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8.5.2 Apparatus

Apparatus to be used includes conical gauges or cylindrical mandrels, having dimensions capable of measuring to
the accuracy specified in 5.5 (see figure 9).

8.5.3 Sampling

Sampling shall be in accordance with clause 7.

25

26

27

28

29

30

31

32

33

34
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37

38

39
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|40

Key
1 Taperlinll
2 0,5 mmring
3 0,1 mm calibration marks

(@]

Figure 9 — Conical gauge for relaxed internal diameter
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8.5.4 Test
Either:

a)

ISO 7

procedure

without stretching;

198:1998(E)

place the sample prosthesis or a small specimen length of the sample prosthesis loosely over the conical

starting from a small size, insert a mandrel into the sample prosthesis or a small specimen length of the sample

prosthesis of increasing diameter until the largest size which does not cause stretching is reached.

gauge,
or
b)
Measure al

8.5.5 Expiession of results

The relaxed internal diameter of each prosthesis shall be expressed in millimetres.

Record the

8.5.6 Test

The test re

and standard deviations of the relaxed internal diameter of the sample prdstheses, and the details req

Additional
required by

8.6 Deter
8.6.1 Prin

This test is
length and

ndracard tha ralavad
o1 Co

mtar
Tt e TCTToAC oI IteT

relaxed internal diameter.
report and additional information

bort shall include the method of measurement used (i.e. conical<gauge or mandrel), the m

nformation, including the number of observations, shallNbe recorded in accordance w
4.9.2.

mination of pressurized internal diameter (A)
iple

intended to measure the internal diameter under approximately "in-use" conditions, i.e.
with a distending pressure of the)same order of magnitude as the arterial blood pre

(120 mmH

1)
8.6.2 Apparatus

Apparatus
a) amac
extend
fixation
extens

If a ba

0 be used include:

nine or method¢Capable of applying a specified pressure uniformly to the inside of a prost
ed to its usable-length. The latter may be achieved either by applying a known load (se

J

asured mean
ired by 4.9.1.

th the details

at the usable
ssure 16 kPa

hesis which is
e 8.4) without

of the distal end of the sample prosthesis, or by fixation of both ends of the sample piosthesis after

on to its'usable length.

loan'is required, a suitable apparatus is shown in figure 10, which consists of a cylindrical

balloon with a

di

diame

rat 16 kPa (120 mmHA) nracciira of at laact 1 O timac tha naminal nraccuirizad
et o Kkra—( Lo gy FeSSHHe—O—at—1EaSt—oo—HHEeS—He——eHah—pHeSSHHEea

ol

meter of the

prosthesis to be measured. This balloon is mounted over a cylindrical mandrel, the greatest diameter of which
(excluding all balloon-fixing elements) does not exceed 0,95 times the nominal relaxed internal diameter;

b)

26,7 kPa (200 mmHg) to an accuracy of + 0,3 kPa (x 2 mmHg);

c)

a device capable of measuring diameter to an accuracy of £ 0,02 mm.

8.6.3 Sampling

Sampling s

hall be in accordance with clause 7.

a pressure-measuring device, such as a transducer or manometer, capable of measurement of pressure up to
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Key

Plug

Graft
Balloon
Pressure so
O-ring

Mandrel

~N o o b~ WO N P

Valve

8.6.4 Testpr

From the sam
diameter of th

Measure and

urce

Figure<10— Example of a balloon burst test device

pcedure

ple prosthesis; cut a sample length of at least 50 mm or at least five times the nominal rela
e samplelprosthesis, whichever is the greater.

record the wall thickness of the sample prosthesis (t._,.) (see 8.7).

eas:

If necessary,

©1SO

ed internal

ubricate the balloon with a light silicone grease, and carefully insert it into the sample length. Stretch

the sample length to its usable length (determined as described in 8.4), and inflate the balloon to 16 kPa

(120 mmHg).

Measure and record the external diameter (D

meas

along the sample circumference.

8.6.5 Expression of results

The pressurized internal diameter of each specimen shall be expressed in millimetres.

Calculate the

D =D

p

36

mean pressurized internal diameter (D,) from the expression:

2t

meas ( meas)

) to the nearest 0,1 mm at four points equidistant
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where:

D

meas

t

meas

Record the

8.6.6 Test

ISO 7198:1998(E)

is the mean measured external diameter of the inflated prosthesis (in millimetres);

is the mean measured wall thickness of the prosthesis (in millimetres).
mean pressurized internal diameter.

report and additional information

The test report shall include the method of measurement used, the mean and standard deviations of the measured
pressurized internal diameter of the sample prostheses, and the details required by 4.9.1.

Additional
required by

8.7 Deter
8.7.1 Prin

This test is

8.7.2 Apparatus

Apparatus

a micr
measy

a)

b) a cong

pressy
c) acalib
8.7.3 Sam
Sampling s
8.7.4 Test
One of the
8.7.4.1 Mi

Transect th
end norma

nformation, including the number of observations, shall be recorded in accordance,w
4.9.2.

mination of wall thickness  (A)
iple

intended to determine the thickness of the wall of the prosthesis under no load or minimal |

0 be used include either:

bscope with either a calibrated eyepiece or with awwernier stage and eyepiece cross-hai
rement to an accuracy of 5,0 pm and with provisign for direct and diffuse illumination; or

tant-load thickness gauge as specified in tSO 5084, with a foot area not less than 0
re of 981 Pa (10 glém-2).

rated load thickness gauge with a foot area and pressure appropriate to the test sample.
pling

hall be in accordance with _clause 7.

procedure

fwo methods below for determination of wall thickness shall be used.
Croscopic/determination of wall thickness

e sample prosthesis with a sharp blade and mount a test specimen on the microscope stag

th the details

bad.

s, capable of

5cm? and a

e with the cut
he cross-hairs

to-the axis of the microscope and illuminated from above. Using the eyepiece scale, or t

and vernie

stage controf, measure the thickness of the watt:

Make at least four measurements on each test specimen.

Record the individual measurements of wall thickness, and calculate the mean and standard deviations of the
values for each sample prosthesis.

For biological vascular tubes, the points measured shall include the thinnest and thickest portions of the wall of the
test specimen.

8.7.4.2 Constant-load gauge determination of wall thickness

Perform the test as described in ISO 5084, using a constant-pressure thickness gauge.
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Make at least

98(E)

four measurements on each test specimen.

©1SO

Record the individual measurements for wall thickness, and calculate the mean and standard deviations of the
value for each sample prosthesis.

8.7.5 Expression of results

The wall thickness shall be expressed in micrometres or millimetres.

8.7.6 Test report and additional information

The test report shall include the nominal wall thickness, the individual mean and standard deviations of the

measured wa
details requirg

Additional inf
required by 4.

8.8 Determination of suture retention strength

8.8.1 Princip

This test is in
prosthesis to

8.8.2 Appargtus

A tensile-testi
described in f
should be suf
stainless steg

| fhir\lznacc, the aoverall mean and standard -deviations-of the results of the cnmplo prncfha

d by 4.9.1.

brmation, including details of the measurement equipment used, shall be recorded with
0.2.

(A)
e

ended to determine the force necessary to pull a suture from¢(the prosthesis or cause the
ail.

hg machine equipped with a suitable load cell and appropriate gripping mechanism shall
gure 11. A suture as close in size to the typical-clinical instrument as possible is selected.
ficiently strong to pull through the prosthesis.and not break (made of e.g. polypropylene, [

).

Key

Heel
Force
Toe

Suture

o g b~ W N P

Clamp
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Figure 11 — Example of suture retention strength test — Side view
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8.8.3 Sam
Sampling s

8.8.4 Test

ISO 7198:1998(E)

pling
hall be in accordance with clause 7.

procedure

For reinforced prostheses (e.g. external mesh), if the reinforcement is not meant to be included in the anastomosis,
the reinforcement should not be incorporated in the suture bite.

8.8.4.1 Straight-across procedure

The prosthesis is cut normal to the long axis. If the prosthesis is crimped, the end of the prosthesis must be

gently stre

ched until the (‘rimln has been removed A suture is inserted 2 mm from the end of

the stretched

prosthesis
200 mmhi
and the sut

8.8.4.2 Of

The test is
base (heel
(see figure
fail, and the

8.8.5 Expiession of results

The force i

8.8.6 Test]

The test re¢port shall include the mean and standard “deviations of the suture retention strength (

prostheses|

Additional i
by 4.9.2.

8.9 Deter
8.9.1 Prin

This test is

8.9.2 Apparatus

Templates
mandrels o

through one wall of the prosthesis to form a half loop. The suture is pulled at the rate of)5
n-1. The force required to pull the suture through the prosthesis or cause the wall of theprg
ure size, are recorded. A minimum of three tests per specimen shall be performed.

lique procedure

repeated as in 8.8.4.1 with the prosthesis cut at 45° to the long axis. ©Re’suture is to be
of the cut; for subsequent tests, sutures shall be placed at + 90° from'thé base, and at the
11). The force required to pull the suture through the prosthesis aor)cause the wall of the
suture size, are recorded. A minimum of three tests per specimef shall be performed.

5 measured in grams.

report and additional information

the type and size of suture used, and details required by 4.9.1.

hformation, including the number pf'samples, shall be recorded in accordance with the d

mination of kink diameterfradius  (A)
iple

intended to detérmiine the radius of curvature required to begin "kinking" a vascular prosthg

f known diameter may be used.

D mmimint to
sthesis to fail,

placed at the
toe of the cut
prosthesis to

f the sample

btails required

Sis.

of radids ranging from 4 mm to 50 mm in increments of 1,5 mm are used. Alternatively, cylindrical

8.9.3 Sam
Sampling s

8.9.4 Test

pling
hall be in accordance with clause 7.

procedure

The kink radius, to the nearest increment of the gauge, is determined before and during pressurization as
appropriate.

Since kink resistance may be affected by pressure, non-water-permeable prostheses should be tested at
100 mmHg internal pressure. Water at room temperature should be used unless kink behaviour is affected by
temperature. Water-permeable constructions may be tested at ambient pressure. The radius of the mandrel that
first causes graft kinking is recorded.
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