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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International

organizations, governmental and non-governmental, in liaison with ISO, also take part

in the work.

ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of

electrotechnical standardization.

The procedures used to develop this document and those intended for i irther ma
descrjbed in the ISO/IEC Directives, Part 1. In particular the different approval criterian

intenance are

beded for the

differjent types of ISO documents should be noted. This document was drafted in aceordgnce with the

Attenltion is drawn to the possibility that some of the elements of this document'may be the subject of

patenft rights. ISO shall not be held responsible for identifying any or all such patent righ

s. Details of

any pptent rights identified during the development of the document will be'in the Introdyction and/or

on the ISO list of patent declarations received (see www.iso.org/patents}:

Any tfade name used in this document is information given for the convenience of users
constjtute an endorsement.

For an explanation on the meaning of ISO specific terms*and expressions related t
assespment, as well as information about ISO’s adherence to the WTO principles in t
Barrigrs to Trade (TBT) see the following URL: Forewoid - Supplementary information

and does not

conformity
he Technical

The committee responsible for this document is ISO/TC 150, Implants for surgery, Subcommittee SC 2,

Cardipvascular implants and extracorporeal systems.

This gecond edition cancels and replaces the'first edition (ISO 7198:1998), which has bee|
revised.

n technically

© ISO 2016 - All rights reserved
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Introduction

This International Standard has been prepared in order to provide minimum requirements for tubular
vascular grafts and vascular patches, including guidance on the methods of test that will enable their
evaluation. This International Standard is an update of ISO 7198:1998, necessary given the introduction
of new standards for endovascular prostheses, vascular stents and vascular device-drug combination

products.

This International Standard covers vascular prostheses implanted using direct visualization su
techniques as opposed to fluoroscoplc or other non- dlrect 1mag1ng (e.g. computerlzed tomog

endovascula prostheses 1mp1anted using catheter dehvery and non- dlrect v1suallzat10n Sing
design of endovascular prostheses often involves the use of materials that are used intradi
vascular proftheses, some of the methods to evaluate these materials are contained in this Inteérna
Standard and referenced in the endovascular prostheses standard (ISO 25539-1).

It is recognized by this ISO committee that many forms of tubular vascular grafts and vascular pa
have been shpwn to be a safe and effective means to surgically restore blood flowAin various indic
over many years. This update is not intended to significantly change the manner in which ty
vascular grafts have been evaluated or to add new requirements. Thereforeymhanufacturers can r
evaluation and historical data gathered under ISO 7198:1998 to meet the requirements that hay
changed in the current standard. The committee recognizes that, withythe addition of requiremer
vascular patfhes and references to device-drug combination requirements in other ISO documg
reasonable ajnount of time (e.g. one to three years) might be neededito become fully compliant wit
International Standard.

rgical
raphy

es for

e the
tional
tional

tches
itions
bular
bly on
e not
ts for
nts, a
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RNATIONAL STANDARD
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Cardiovascular implants and extracorporeal systems —
Vascular prostheses — Tubular vascular grafts and

vas

1 S

cular patches

cope

1.1
and 1

equirements with respect to nomenclature, design attributes and informatiomsug

manufacturer, based upon current medical knowledge. Guidance for the development of

meth
can b
perfo

NOTE
cases,
cell b
are nq
Intern

1.2

direct
comp
betwe
recon

1.3
are w|

1.4
origin
does
matej
and a

1.5
of thi

pds is included in an informative annex to this International Standard. This Jaternatid
e considered as a supplement to ISO 14630:2012, which specifies general requiren
'mance of non-active surgical implants.

Due to the variations in the design of implants covered by this dntéfnational Standarg
due to the relatively recent development of some of these implants, (e(@ bioabsorbable vascul
sed tissue engineered vascular prostheses), acceptable standafdized in vitro tests and ¢
t always available. As further scientific and clinical data beepme available, appropriate r
ational Standard will be necessary.

This International Standard is applicable to sterile tubular vascular grafts ii
visualization surgical techniques as opposed to fluoroscopic or other non-direct
uterized tomography or magnetic resonance imaging), intended to replace, bypass, or
en segments of the vascular system in hitans and vascular patches intended fo

struction of the vascular system.

Vascular prostheses that are madéof synthetic textile materials and synthetic non-tex
ithin the scope of this International Standard.

, including tissue engineered vascular prostheses are within the scope, this Internatid
not address sourging/ harvesting, manufacturing and all testing requirements f
ials. It is furthernaetéd that different regulatory requirements might exist for tissues
himal sources.

Compound, coated, composite, and externally reinforced vascular prostheses are wit
standard.

1.6

This International Standard specifies requirements for the evaluation of Vasculalr prostheses

plied by the
in vitro test
nal Standard
hents for the

| and, in some
ar prostheses,
linical results
bvision of this

mplanted by
imaging (e.g.
form shunts
r repair and

tile materials

While vascular prosthesés/that are made wholly or partly of materials of non-vialple biological

nal Standard
pr biological
from human

hin the scope

Endovascular prostheses implanted using catheter delivery and non-direct visu

lization are

excluded from the scope of this International Standard. This International Standard includes information
on the development of appropriate test methods for graft materials, referenced in 1ISO 25539-1 for
materials used in the construction of endovascular prostheses (i.e. stent-grafts).

NOTE

Requirements for endovascular prostheses are specified in [SO 25539-1.

1.7 The valve component of valved conduits constructed with a tubular vascular graft component,
and the combination of the valved component and the tubular vascular graft component, are excluded
from the scope of this International Standard. This International Standard can be helpful in identifying
the appropriate evaluation of the tubular vascular graft component of a valved conduit but specific
requirements and testing are not described for these devices.

© ISO 2016 - All rights reserved


https://standardsiso.com/api/?name=43ab3d478a09224850832077dc65943c

ISO 7198:2016(E)

1.8 Cardiac and pericardial patches, vascular stents, accessory devices such as anastomotic devices,
staplers, tunnelers and sutures, and pledgets are excluded from the scope of this International Standard.

NOTE Requirements for vascular stents are specified in ISO 25539-2.

1.9 Requirements regarding cell seeding are excluded from the scope of this International Standard.
Tissue engineered vascular prostheses that contain or are manufactured using cells present many
distinct manufacturing (e.g. aseptic processing, cell seeding, etc.) and testing issues than those produced
with synthetic or non-viable biological materials. The in vitro testing requirements that are outlined in
this International Standard can be a useful guide for certain testing requirements for these cell-based

products.

1.10 Pharm
this Internat

NOTE Re

1.11 Degrad
absorbable v

2 Norm

The followi
indispensab
references, t

[SO 10993 (a

ISO 11135, S
validation an

ISO 11137 (a

ISO 11607-1,
sterile barrie|

ISO 14155, C

ISO 14160, St
devices utiliz|
validation an

[SO 14630:2
[SO 14937, St

hcological aspects of drug-eluting or drug-coated vascular prostheses are not addres
onal Standard.

uirements for vascular device-drug combination products are specified in 1SO;12417-1.

ation, tissue ingrowth and/or tissue replacement, and other time:dependent aspe
hscular prostheses are not addressed in the standard.

ive references

documents, in whole or in part, are normatively reférenced in this document ar
for its application. For dated references, only the edition cited applies. For un|
he latest edition of the referenced document (including any amendments) applies.

|1 parts), Biological evaluation of medical deyices

terilization of health-care products — Ethylene oxide — Requirements for the develop
] routine control of a sterilization prodess for medical devices

| parts), Sterilization of health care products — Radiation

Packaging for terminally sterilized medical devices — Part 1: Requirements for mat|
" systems and packagingsystems

inical investigation ofmedical devices for human subjects — Good clinical practice

erilization of health care products — Liquid chemical sterilizing agents for single-use m
ing animal tissiies and their derivatives — Requirements for characterization, develop
1 routine control of a sterilization process for medical devices

012, Non-active surgical implants — General requirements

ed in

cts of

d are
dated

ment,

erials,

edical
ment,

eritization of health care products — General requirements for characterization of a ster

lizing

agent and the development, validation and routine control of a sterilization process jor medicadl devices

[SO 14971, Medical devices — Application of risk management to medical devices

[SO 17665 (a

Il parts), Sterilization of health care products — Moist heat

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 14630:2012 and the
following apply.

2 © IS0 2016 - All rights reserved
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adverse event
adverse change in health that occurs in a subject who participates in a study while receiving the
treatment or within a specified time after receiving treatment

Note 1 to entry: Adverse events are categorized by the system affected (e.g. cardiac, vascular, respiratory,
neurological, renal, gastro-intestinal).

Note 2 to entry: This definition is not applicable for routine, post-approval event reporting.

3.2

bifurcation

site o

3.3

biolo
matet
but e3

3.4
biost
abilit

3.5

coati
orgar
subst

Note 1
intern

3.6

comp
abilit
a pulg

3.7

comp
subst
the d¢

3.8

comp
vascu
mann

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

bical material
ial of animal or vegetable origin that may have been modified or treatedby chemid
rcluding any material derived from fossil biological remains

ability
I of a material to maintain its physical and chemical integrity after implantation in li

ng
ic or inorganic material, other than living cells, ihtentionally applied by a man
Fate prosthesis

to entry: This coating can be intended to be permanent or temporary, can be applied to the e3
al surface, and/or can be impregnated into the stfucture of the substrate prosthesis (3.30).

liance

al processes,

ving tissue

ufacturer to

cternal and/or

i of a prosthesis to elastically expand and contract in the circumferential direction if response to

atile pressure

onent
hnce used during manufacture whether or not it is intended to remain as a consiste
bvice

osite prosthesis
lar prosthesis in which the construction and/or material of construction varies in
er alongthe length

EXA

ht element of

a segmental

PLE Prosthesis in which the proximal portion is of crimped knitted fabric and the distg

1 portion is of

an aldehyde=treatedamimmat vascutar tube:

Note 1 to entry: It is important to note the difference between a composite and compound prosthesis (3.9).

3.9

compound prosthesis
vascular prosthesis whose wall is constructed of materials from more than one source which is of
uniform construction along the length of the prosthesis

Note 1 to entry: It is important to note the difference between a compound and composite prosthesis (3.8).

Note 2 to entry: A substrate prosthesis with a coating, that is, a coated vascular prosthesis, is an example of a
compound prosthesis. This type of vascular prosthesis is commonly referred to as coated prosthesis rather than
a compound prosthesis.
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configuration

geometry of

EXAMPLE

3.11

prosthesis

Straight, bifurcated, tapered.

construction
type of structure of a prosthesis

EXAMPLE

3.12
crimp
creases or fo

3.13
determine

quantitativel

3.14
endovascul

Knitted, woven, nonwoven, expanded polymer.

|ds manufactured into a prosthesis to permit elongation and reduce kinking

y appraise or analyse

r prosthesis

endovascular graft
endovascular implant

prosthesis (

resides parti

shunt betwe

3.15
evaluate
qualitatively

3.16
factory anas
factory man
together

3.17
fibril
strand of ma

3.18

graft mater
textile or

polytetraflu
line or cover
conduit for b

3.19
host

ncluding modular components) delivered and deployed*using a delivery system,
ally or completely within a blood vessel or vascularéconduit to form an internal byp
bn sections of the vascular system

appraise or analyse

tomosis
factured seam-line in which two or more edges of graft material are joined (e.g.

ferial which originates from one or more nodes and terminates at one or more nodes

al

non-textile, non-metallic material [e.g. polyethylene terephthalate
proethylene (PTFE), polyurethane] used in the construction of a vascular prostheseg
the‘mechanical support structures of an endovascular prosthesis or to provide a vaj

Wwhich
hSS Or

bewn)

PET),
or to
cular

lood flow

recipient of an implant in a preclinical in vivo study

3.20

implantable state
condition of a prosthesis that has been prepared in accordance with the manufacturer’s instruction
prior to implantation, or of a material of construction that has undergone the same process of

sterilization

and/or preparation

Note 1 to entry: Preparation does not include preclotting (3.26) but does include any recommended method of

washing or so

aking.
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3.21

integral water permeability

volume of water which passes through the wall of a tubular vascular graft, or representative tubular
segment, in a specified time under a specified pressure

3.22
inter-nodal distance
distance between two nodes of expanded polymers

3.23
leakage

voluwmmmwwmmn a specified
time finder a specified pressure

Note ] to entry: Leakage may be either through small defects in the wall of a continuous tube pr through an
anastgmosis constructed by the manufacturer.

Note 7 to entry: Leakage is not the same as porosity (3.25).

3.24
node
solid region within a material at which fibrils originate and conveprgé

3.25
porosity
estimjate or index of the ratio of the void within a materiakte the total volume occupied by the material
including the voids

Note 1 to entry: See void (3.36).

Note 2 to entry: Porosity may be expressed as the percentage void to the total area of volume, fhean distance
between nodes, or mean pore diameter.

Note 3 to entry: Porosity is not the same as\leakage (3.23) or water permeability (3.38).

3.26
preclotting
procedure whereby blood af ;blood fractions are allowed to penetrate and coagulat¢ within the
interdtices of a porous prosthesis to decrease the permeability

3.27
prosthesis
device which replaces or substitutes for an anatomical part or deficiency

3.28
substrate prosthesis
vascular-prosthesis to which a coating meeting the definition of coating (3.5) is applied fo result in a

A s 1 3
Compuuuu PT osthrests

3.29
synthetic material
substance of nonbiological source that is produced and/or polymerized by chemical or physical means

Note 1 to entry: Chemically modified materials derived from fossil biological remains (e.g. petroleum or oil) are
considered to be synthetic.

3.30
synthetic nontextile prosthesis
vascular prosthesis manufactured made from synthetic materials using nontextile processes

EXAMPLE Prostheses made from extruded polymer, expanded polymer.

© IS0 2016 - All rights reserved 5
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3.31
synthetic textile prosthesis
vascular prosthesis made from synthetic yarns using textile fabrication methods

EXAMPLE Prostheses made by knitting, weaving, or braiding of synthetic yarns.

3.32

tubular vascular graft

prosthesis used to replace, bypass, or form shunts between sections of the vascular system, implanted
using direct visualization surgical techniques as opposed to fluoroscopic or other non-direct imaging

Note 1 to entry: Examples of non-direct imaging are computerized tomography and magnetic resonance imaging.

3.33
usable length
length of a prosthesis available for implantation, determined under a specified fixed load

Note 1 to entrfy: The load may be zero for certain prostheses.

3.34
vascular patch
non-tubular prosthesis intended for repair and reconstruction of the vascular'system

EXAMPLE Flat sheet of material.

3.35
vascular pr¢sthesis
tubular vascpilar graft or vascular patch

3.36
void
proportion of the wall of a vascular prosthesis thatis.hot occupied by the material of construction.

3.37
water entry|pressure
pressure at which water passes from the inner wall to the outer wall of a vascular prosthesis

3.38
water permgability
volume of witer that passes during’a specified period through a unit area of the graft material under a
specified pregssure

Note 1 to entrjy: The water permeability is usually determined as mL cm-2 min-1 at an applied pressure of 16 kPa
(120 mmHg).

Note 2 to entrfy: Water permeability is not the same as porosity (3.25).

3.39
xenograft
heterograft
implant material made from the tissues of an animal of a different species from the host or patient

4 General requirements

4.1 Configuration designation for tubular vascular grafts

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

Some prostheses can be manufactured for specific applications, such as an axillo-bifemoral prosthesis,
and shall be designated by their intended clinical use, not as “bifurcated.”

6 © IS0 2016 - All rights reserved
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Size designation

Uniform straight tubular vascular grafts

The size of a straight uniform tubular vascular graft shall be designated by the following characteristics:

a) n

ominal relaxed internal diameter of the device, expressed in millimeters;

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

c) njinimum usable length, expressed in centimeters.

4.2.2

Thes
diamsé

Uniform bifurcated tubular vascular grafts

ze of uniform bifurcated tubular vascular graft shall be designated by the'nominal rel
tters and the minimum usable overall length of the main tube and its branches.

interpal diameters shall also be designated if required [see 4.2.1 b)]. Diameters shall be

millin

4.2.3

The {
diamsg

hetres and length expressed in centimeters.

Tapered tubular vascular grafts

ize of a tapered tubular vascular graft shall be designated by the nominal reld
pters of its ends and its minimum usable length. Neminal pressurized internal dig

also he designated if required [see 4.2.1 b)]. Diameter'shall be expressed in millimeter

expre

4.2.4

For o
relax¢
desig

4.2.5

The {
ident

4.3

4.3.1

Vascu

ssed in centimeters.

Other configurations of tubular vascular grafts

ther configurations (e.g. an axillo-bifemoral prosthesis), the principal length(s),

hated. Diameter shall be expressed in millimetres and length expressed in centimetr

Vascular patches

ize of a vascular pdtch shall be designated by its nominal length and width. It
fied by its wall thickness, if appropriate.

Materials

General

hxed internal
Pressurized
expressed in

xed internal
meters shall
s and length

the nominal

bd internal diameter(s), and the-hominal pressurized internal diameter(s), if required, shall be

£S.

thall also be

larprostheses and their materials of construction shall be described according to t

he applicable

clauses betow.

4.3.2

Classification of tubular vascular grafts and vascular patches

The classification of a tubular vascular graft or a vascular patch 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. xenograft, human tissues with and without viable cells);

d) compound, (i.e. other than coated);

© ISO 2016 - All rights reserved
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e) composite;
f) coated.
NOTE Although a coated vascular prosthesis is a type of compound prosthesis, the term coated is more

specific and more commonly used.
4.3.3 Nomenclature

4.3.3.1 General

Materials shaH-be-deseribed-aceording-to-theapp

nulicablaclanca
TrCaort-Craast

]

4.3.3.2 Synthetic materials

Synthetic mgterials shall be described by the following:
a) their gerjeric or chemical name;
b) the genefal nature of any chemical treatment or modification.

4.3.3.3 Bio¢logical materials

Biological materials shall be described by the following information:

a) the origin of the material as the genus of the donor animal,in adjectival form;

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

c) the genefal nature of any chemical treatment or‘modification;

d) the specjfic characterization of any biologicalmaterial (e.g. the degree of crosslinking).

4.3.3.4 Coptings

Coatings shal

a)
b) the nom

the nom

c) for othet

4.3.3.5 Stg

|l be described by the fallowing information, as appropriate:
enclature of any synthetic component(s) in accordance with 4.3.3.2;
enclature of any biological component(s) in accordance with 4.3.3.3;

types of.codtings, such as pharmaceutical coatings, the generic or chemical name.

rage'\fluids

)

Storage fluid

Q|

<R o
S-OTT

4.4 Intended clinical use designation

The intended clinical use shall be designated by one or more of the following:

aorta;
nding aortic;

icarch;

3) descending thoracic aortic;

a) thoracic
1) asce
2) aort

8
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The requirements of ISO 14630:2012, Clause 4 apply.

6

6.1

ISO 7198:2016(E)

4) thoraco-abdominal aortic;

abdominal aortic and/or aorto-iliac and/or aorto-femoral;

peripheral arterial, including extra-anatomic (e.g. axillo-bifemoral arterial);
coronary;

arterio-venous shunt for vascular access;

other vessels to be specified.

|l

htended performance

Design attributes

General

The requirements of ISO 14630:2012, Clause 5 apply. The tests considered and the rationald for selection

and/qr waiving of tests shall be documented.

6.2

The
take into account at least the following:

a)
b)

‘)

d)
e)

f)

6.3
The

Tubular vascular grafts

sign attributes to meet the intended performance of the tubular vascular graft shall additionally

the ability to be anastomosed to a blood vessel;

the ability to maintain adequate patency;

the ability to prevent blood from.flowing through the implant wall as appropriate to its [ntended use;
OTE Changes in wall peThieability after implantation can be taken into account;

the ability to maintainradequate material and structural integrity;

the consistency of-the implant dimensions and its design for compatibility for use| in specified
vessel diameters;

cpmpliance.with the requirements of ISO 10993-1 and other parts of the ISO 10993 series.

Vascular patches

- PIPREL RS - ] s 3 _ 1 £ £41 1 ] h TR B I B P 11 k
SIS AULTTUULES LU HTICCU LT HTILCITIUCU PTTTUTITIAIICE Ul LT VAdSCUldl PdLlIITS SIidIT dUU tiona y take

into account at least the following:

a)
b)

‘)

d)

the ability to be anastomosed to a blood vessel or a vascular prosthesis;

the ability to not adversely affect patency;

the ability to prevent blood from flowing through the implant wall as appropriate to its intended use;
NOTE Changes in wall permeability after implantation can be taken into account;

the ability to maintain adequate material and structural integrity;

compliance with the requirements of ISO 10993-1 and other parts of the ISO 10993 series.
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6.4 Coatings

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

a) theability of the coating to maintain adequate integrity over time according to design specifications
(e.g. freedom from significant delamination, flaps and bare spots);

b) the appropriate interaction between the coating and the prosthesis (e.g. absence of coating induced
degradation of the prostheses material);

c) the ability of the coating to maintain adequate resistance to unintended particulate generation;

d) the conflormance of the coating parameters to the design requirements (e.g. porosity, ‘dgnsity,
distribugion).

6.5 Drug ¢oatings and drug-eluting coatings

The design attributes to meet the intended performance of the vascular prosthesis if the cgating
contains a difug shall additionally take into account the information provided irISO 12417-1.

7 Materipls

The requirements of ISO 14630:2012, Clause 6 shall apply. Additional testing specific to certain
materials shpuld be performed to determine the appropriateness.of the material for use in the design.
For example) polyurethanes and materials of biologic origin.shéuld be subjected to testing in orgler to
assess biostgbility:.

8 Design|evaluation

8.1 Generfal

The requirements of ISO 14630:2012, Clause 7 shall apply. A risk assessment shall be carried put in
accordance With the requirements of [SO*14971.

Not all requirements are applicable to all vascular prosthesis designs or intended clinical uses.|For a
tubular vascplar graft or vascular patch, justification shall be provided for any design charactefistics
that are not ¢valuated from thelist below.

Tubular vascplar grafts.oryascular patches incorporating new or emerging technologies (e.g. absorbable
materials) should be evaluated following this International Standard, as appropriate. Testing beyond the
scope of this|International Standard might also be necessary to characterize these vascular prostheses.
Consideration shall be given to the potential failure modes of the vascular prostheses and their effects
on the performance of the implant in identifying the appropriate testing.

For compound prostheses, although it may be appropriate to conduct some of the testing described in
this International Standard on components of the prosthesis, testing of the device as a whole is also
required. In addition, if the compound prosthesis is partially constructed of an absorbable component,
the non-absorbable portion of the device shall be characterized, as well as the device as a whole.

Each segment of a composite prosthesis shall be tested. In addition, any factory manufactured
anatomises shall satisfy the requirements of this International Standard relating to leakage and factory
anastomotic strength.

Whenever changes are made in materials, construction, configuration, implantation site, or processing
methods, an appropriate analysis of the possible impact of the change on the potential failure modes
and performance of the vascular prosthesis shall be completed. Appropriate testing shall be conducted
as deemed necessary based on this analysis.
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The use of a control device for comparison may be considered in the evaluation of certain design
attributes, particularly for design iterations.

Testing to establish the labelled shelf-life shall be conducted by repeating appropriate tests. Justification
for the selection of tests shall be provided.

8.2 Sampling

A sampling plan shall be utilized which will ensure that adequate representation (e.g. multiple sizes)
has been obtained for each characteristic measured. The test samples shall be representative, with
respect to the design attribute under evaluation, of the devices to be released for distribution.

Sampling should ensure adequate representation of the potential variability (e.g. a mifiiy
samp

A rat
justif

8.3

es from a minimum of three lots) in device characteristics.

onale should be provided for sample selection. For all tests, the numberhof sam
ed.

Conditioning of test samples

hum of three

ples shall be

All samples should be subjected to sterilization, including multiple sterilizations if appropriate, unless

justif
Samples should be subjected to conditions that are normally encountered during clin
might
apprdpriate.

Tubullar vascular grafts and vascular patches whase material properties are sensitive to
and/dr hydration should consider these conditions’during testing.

8.4
For the purposes of this International Standard, reporting refers to submission to a regulatd

The design evaluation report should include an appropriate table of contents (including
and three main sections: a) an\executive summary; b) individual test summaries; c) detz
Pagegq

a)

b)

cation is provided for use of nonsterilized products for the-evaluation of specific attr

affect the test results, including preparation as stated in the instructions for use

Reporting

should be numbered.sequentially throughout the document (including appendices).
The executive summary should include

1) adescriptionof the bench and nonclinical in vivo testing and analyses that have beg
and any‘relevant clinical information,

2) justification for the selection of tests, and

ibutes.

ical use that
(IFU), where

temperature

ry authority.

appendices)
iled reports.

n performed

3) Ca table to summarize the testing completed, with the following columns: name

of test, test

PUTPOSE, TeSTSAMpIe description, MUIMDET Of SaMpIes, aCCEPLance Criteria, Summa
and cross references to the test summary and full test report.

Individual test summaries should include
1) abrief summary of the purpose, methods, and results, and
2) the significance of the test results
i) for tests with acceptance criteria, justification for the criteria, or

ii)

for characterization tests, an explanation of the relevance of the results.

ry of results,

These results can provide a baseline for comparison with design iterations, when

applicable.
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Clinical applicability of the acceptance criteria, or the relevance of characterization results,
shall take into consideration the anatomical and physiological conditions of the intended use.

c) Individual test reports should include the following information:
1) purpose: state the purpose of the test as it corresponds to this International Standard;

2) materials: list significant materials (e.g. test articles with lot/serial numbers or other
appropriate means of traceability, critical equipment) used in performing the test, using
figures and diagrams as appropriate;

3) sampling: state the sampling plan, including the basis for and the number of samples tested
and fustification for the Selection of test articles (€.g. SiZes, conditioning)J;

4) acceptance criteria, if applicable: state the criteria for the test results, including jastifi¢ation
andfor clinical relevance;

5) testmethod: describe in detail the method used to perform the test, including‘any prospedtively
defined inspection procedures, and provide a justification for relevant test parameters;

6) protpcol deviations: describe any deviations and their potential” significance on the
interpretation of the results;

7) expilession of results: report testing results expressed in units‘as indicated in the test mgthod;

8) condlusions: state conclusions, based on comparing results.to acceptance criteria or provlde an
explpnation of the relevance of the results for characterization tests and, if appropriate, irfjclude
a digcussion on the potential clinical significance of the Tesults.

8.5 Biocompatibility

8.5.1 Residual chemicals

NOTE Repidual chemicals refer to those pracéssing and/or storage fluids or their derivatives that ¢an be
extracted fromp a prosthesis in the implantable state.

Residual chemicals shall be described\by their specific chemical names wherever possible; otherwise,
their generalf chemical nature shall be-used.

8.5.2 Biocompatibility

The biocompatibility of the vascular prosthesis shall be tested in accordance with ISO 10993 and
appropriate pther parts'of the ISO 10993 series of International standards.

8.6 Biostgbility

When the design of a vascular prosthesis and 1ts Intended Use as a chironic implant require that the
prosthesis maintain some minimum level of physical and chemical integrity (i.e. durability) after
implant in living tissue for some time interval, the materials of which the prosthesis is made shall be
evaluated.

Testing for biostability might be necessary for materials not previously used for implantable vascular
prostheses (e.g. new formulations of polyurethane). Methods used for in vitro and/or preclinical in vivo
testing shall be disclosed by the manufacturer and justified.

A rationale for the evaluation of biostability shall be disclosed by the manufacturer and may include the
following:

a) the biostability of materials currently used for the same indication;
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b) the amount of time such a prosthesis is expected to perform in its indication for use, with
consideration given to the performance and clinical utility of other prostheses and other forms of
treatment currently available to treat the targeted indication;

c) whether or not there are currently prostheses or other forms of treatment for the targeted
indication that use the same materials.

8.7 Bench and analytical tests

8.7.1 General

Testig of the tubular vascular graft or vascular patch shall be conducted to evaluate the design
attributes described in Clause 6, as applicable.

Test method guidance is provided in Annex A. Alternative methods from thosedescribefl in Annex A
can bg used and shall be justified.

8.7.2| Tubular vascular grafts
8.7.2]1 Permeability

8.7.2]1.1 General

Deterpmine the porosity, water permeability, integral water’permeability/leakage, and /o1l water entry
presspre as appropriate to the tubular vascular graft:‘The selection of appropriate tests from those
listed/ below shall be justified based on the material of‘¢construction.

8.7.2{1.2 Integral water permeability/leakage

Determine the rate of water leakage throtigh the tubular vascular graft or a representative segment
in tuhular form. This requirement is applicable to grafts with a coating that is intended o reduce the
leakape and grafts with regions wheredeakage is of concern (e.g. sewn or sutured anastonjosis or seam
in the graft material).

8.7.2]1.3 Porosity (non-textile materials)

Determine the porosity~ofa tubular vascular graft constructed of synthetic, non-textile materials.

8.7.2{1.4 Water.entry pressure (non-textile materials)

Determine the'pressure required to force water through a synthetic non-textile tubular vgscular graft.

8.7.2{1.5, * Water permeability (textile materials)

Determine the rate of water flow through the graft wall of a tubular vascular graft constructed with a
water permeable material. When applicable, the manufacturer shall provide recommendations whereby
the water permeability can be reduced by preclotting. Regions where leakage is of concern may also be
evaluated using this test.

8.7.2.2 Strength

8.7.2.2.1 General
Determine the longitudinal tensile strength, burst strength and, if applicable, factory anastomotic

strength of the vascular prosthesis. For burst strength, pressurized burst strength is the preferred
method. If pressurized burst strength cannot be readily measured, circumferential tensile strength or
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probe burst are alternatives. For factory anastomotic strength, a region incorporating the anastomosis
shall be tested using the longitudinal tensile strength or a burst method.

The value of tensile strength, burst strength, and factory anastomotic strength shall be greater than
the minimum values disclosed by the manufacturer.

For tubular vascular prostheses with a designated intended clinical use of 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.

8.7.2.2.2 Circumferential tensile strength

Determine tife circumferential tensile strength of the tubular vascular graft in its tubular formg

8.7.2.2.3 Diaphragm pressurized burst strength

Determine the burst strength of the tubular vascular graft in a flat form.

8.7.2.2.4 longitudinal tensile strength

Determine the longitudinal tensile strength of the tubular vascular graft in tubular form.

8.7.2.2.5 Hressurized burst strength

Determine the pressurized burst strength of the tubular vasculargraft in its tubular form.

8.7.2.2.6 Hrobe burst strength

Determine the probe burst strength of the tubular vascular graft in flat form.

8.7.2.2.7 Trength after repeated puncture

Determine the strength of the tubular vascular graft following repeated dialysis-needle puncture

n

8.7.2.3 Length

Determine the usable length of thetubular vascular graft. The usable length of the prosthesis shall be
no less than that declared by the-manufacturer.

8.7.2.4 Relaxed internal'diameter

Determine the relaxedvinternal diameter of the tubular vascular graft.

The specified limits for acceptance shall be as follows:

a) for prostheses of nominal relaxed internal diameter of 10 mm or less, the measured relaxed internal
diameter shall equal the nominal relaxed internal diameter disclosed by the manufacturer, within
a tolerance of +0,5 mm or less;

b) for prostheses of nominal relaxed internal diameter of 20 mm or less but greater than 10 mm, the
measured relaxed internal diameter shall equal the nominal relaxed internal diameter disclosed by
the manufacturer, within a tolerance of +1,0 mm or less;

c) for prostheses of nominal relaxed internal diameter greater than 20 mm, the measured relaxed
internal diameter of the sample prosthesis shall equal the nominal relaxed internal diameter
declared by the manufacturer, within a tolerance of +5 % or less.

Alternative limits for acceptance may be used and shall be justified.
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8.7.2.5 Pressurized internal diameter

Determine the pressurized internal diameter of the tubular vascular graft under clinical conditions, if
applicable.

If the pressurized internal diameter exceeds the nominal relaxed internal diameter declared by the
manufacturer by more than 10 %, the nominal pressurized internal diameter shall be declared by the
manufacturer.

8.7.2.6 Wall thickness

Determinethe wall thickness of the tubular vascular gr‘nﬁ'

The wall thickness shall be within the tolerance as specified by the manufacturer.

8.7.2{7 Suture retention strength
Determine the force required to pull a suture through the wall of a tubularvascular graft.

The spiture retention strength shall be greater than the minimum disclesed by the manufacturer.

8.7.2/8 Kink diameter/radius
Determine the radius of curvature required to kink a tubular vascular graft.

NOTE This test might not be applicable to all tubular vaseular grafts (e.g. crimped textile graff).

N

8.7.2)9 Dynamic radial compliance

Deterpmine the dynamic radial compliance of.a tubular vascular graft constructed of ar elastomeric
material (e.g. polyurethane).

8.7.3| Vascular patches
8.7.3]1 Permeability

8.7.3]1.1 General
Deterjmine the porogsity/water permeability, and/or water entry pressure as appropriate tq the vascular

patchl The selectign-of appropriate tests from those listed below shall be justified based on the material
of corlstruction.

8.7.3]1.2, \Porosity

Determinethe pnrncify of avascular pafr‘h constructedof cynfhafir‘l non-textile materials

8.7.3.1.3 Water entry pressure

Determine the pressure required to force water through a synthetic non-textile vascular patch.

8.7.3.1.4 Water permeability

Determine the rate of water flow through the material of a vascular patch constructed with a water
permeable material. When applicable, the manufacturer shall provide recommendations whereby the
water permeability can be reduced by preclotting. Regions where leakage is of concern may also be
evaluated using this test.
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8.7.3.2 Strength

8.7.3.2.1 General

Determine the tensile strength and burst strength of the vascular patch. For burst strength, select one
of the following: diaphragm pressurized burst strength or probe burst strength.

The value of tensile strength and burst strength shall be greater than the minimum values disclosed by
the manufacturer.

8.7.3.2.2 Diaphragm pressurized burst strength

Determine t}le burst strength of the vascular patch.

8.7.3.2.3 Longitudinal tensile strength

Determine tie longitudinal tensile strength of the vascular patch. For vascular patches, testing might
be appropriate in both the longitudinal and transverse directions.

8.7.3.2.4 Hrobe burst strength

Determine the probe burst strength of the vascular patch.

8.7.3.3 Length and width

Determine the usable length and width of the vascular patch. The usable length and width ¢f the
prosthesis shall be no less than that declared by the manufacturer.

8.7.3.4 Wall thickness
Determine the wall thickness of the vascular patch.

The wall thidkness shall be within the tolerance as specified by the manufacturer.

8.7.3.5 Suture retention strength
Determine the force required to-pull a suture through the wall of a vascular patch.

The suture retention strength-shall be greater than the minimum disclosed by the manufacturer.

9 Preclinical in¥ivo evaluation test methods for vascular prostheses

9.1 Preclilnical in vivo evaluation

9.1.1 Purpose

The purpose of preclinical in vivo testing is to evaluate the biological response of the host to the vascular
prosthesis and the effect of the implant environment on the prosthesis. If the objective of an animal
study can be met through alternative means (e.g. through reference to previously conducted animal
and/or clinical studies), justification for use of previously obtained data shall be provided and shall be
based on an appropriate risk assessment.

Although the principles of this Clause may be applied for the preclinical in vivo evaluation of a vascular
patch, if such a study is deemed necessary, specific aims and reporting for vascular patch studies are
not specified below.
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Specific aims

Specific aims of the study shall be based on an appropriate risk assessment for the vascular prosthesis
and shall be stated in the protocol. More than one study may be used to address these aims, which can
include the following:

a) evaluate the handling of the vascular prosthesis;

b) evaluate the suture-ability of the vascular prosthesis;

c) evaluate histology and pathology (e.g. inflammation, downstream findings) of explants and
pertinent tissues/organs;

d) record failure modes and adverse events.

9.1.3| Protocol considerations

Each [type of vascular prosthesis shall be tested by implantation at the ifitended, or an analogous,

vascullar site in a reasonable number of animals (i.e. at least six) for an“adequate duration (e.g. 20

weekg), justified through an appropriate risk assessment for the giver-vascular prosthesis. A control

might be appropriate for comparison purposes. The type and intervals of interim assegsments shall

be spgcified and justified. As far as permitted by the limitations.of the animal model, all devices used

shoulf be of clinical quality and size and of the design intended<€orclinical use.

All apimals in the study shall be regularly examined. Histological and pathological a

expla
prior
of dez

hts and appropriate tissues/organs shall be provided:If an animal either dies or must
to scheduled termination, it shall be subjected todtffmediate post-mortem examinati
th orillness, and the extent to which the implant'was implicated, shall be documente

implanted with either test or control prostheses, including those excluded from the final a

be re

The
and

whet
Impla
limitg
Appr

9.1.4

The
a)

b)

orded and reported.

sign of the preclinical in vivo testing,fincluding the experimental protocol, measuren|
dpta analysis, shall be justified. In addition, the choice of animal model, such as species
er or not a lesion is created, shall be justified and shall be consistent with the stud

tions of the animal modelk

priate quality management practices should be followed in the execution of an anim

Data acquisition
following minimum data shall be recorded for each animal receiving a prosthesis:

identifieation data:

1) ~animal identification;

tsessment of
be sacrificed
n. The cause
. All animals
halyses, shall

1ent methods
sex, age, and
y objectives.

ntation shall be consistent with' the recommended instructions for use as far as permitted by the

h] study.

2) sex;
3) approximate age;

4) mass;

pre-operative data:

1) verification of satisfactory health status;
2) medications (e.g. prophylactic antibiotics);
operative data:

1) date of procedure;
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1) medjications, including those that affect coagulation;

name of person(s) performing the procedure;

prosthesis identification;

in situ length and diameter of prosthesis;

use of systemic antiplatelet/anticoagulant therapy;

ssment of the handling and suture-ability of the vascular prosthesis;

observed adverse peri-operative events;

2)
3)
4)
5)
6) asse
7)
8) any
d) post-ops
2) pate
3) faily
4) any
e) terminal
1) date
2) pate
3) gros
4) hist
tissy
9.1.5 Test

Results of all

final analysis.

deviations from the prnfnrnl-

rative and follow-up data:

ncy assessment, method, and date;

re modes and adverse events, date of occurrence, therapy, and outconte;
Heviations from the protocol;

ion data:

of sacrifice;

ncy assessment and method;

s alteration in the dimensional and physical properties of the prosthesis;

logical and pathological assessment of-explants and appropriate surrounding and distal
es/organs.

report and additional information

animals enrolled in the pretocol shall be recorded and reported, even if excluded from the

rt shall include the-following:
ptocol;

e, includingiinformation from the risk assessment, for selection of the following:

aniTal model;

implattation site;

rol;

implantation periods;

method of patency assessment;

intervals of observation;

sample size (i.e. number of animals and implants);

summary of results:

1) animal accountability, including rationale for exclusion of data from the primary analysis;

2) number of animals for which there was successful implantation of the prosthesis;

The test repq
a) study pr
b) rationalé
1y
2)
3) cont
4)
5)
6)
7)
c)
18
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10 (linical investigation methods for vascular prostheses
10.1|Clinical investigation

10.1.1 Purpose

The pgurpose of clinical investigation is to assess the safety:and effectiveness of a vasculd
This |nvestigation is not intended to demonstrate the long term performance of the pi
investigation shall be carried out for each new prosthesis or new clinical application of|
prior|to market approval, using the principles given in ISO 14155 or an equivalent
Signiflicant design changes that can impact safety and performance shall require clinical in|
determined to be necessary based on an appropkiate risk assessment.

If an pbjective of a clinical investigation can be met through alternative means (e.g. throu
to previously conducted clinical studies)) justification for use of previously obtained ¢
provifled based on an appropriate risk dssessment.

Althopgh the principles of this-Subclause may be applied for the clinical investigation
patch} if such a study is deemed-necessary, specific objectives and reporting for vascular j
are n¢t specified below.

10.1.2 Specific aims

Specific aims of thé Study shall be based on an appropriate risk assessment for the vascul
and shall be stated in the protocol. The specific aims can include the following.

a)

b)

ISO 7198:2016(E)

3) operator assessment of handling and suture-ability;
4) summary of structural and material integrity and patency of the prosthesis;
5) summary of failure modes and adverse events;

6) significant and/or relevant deviations from the protocol;

7) summary of pathology and histology of explants and appropriate tissues/organs, including

representative gross photographs and micrographs;

8) comparison of outcomes for test and control groups, if applicable;

9) conclusions from study;

—_

D) summary of quality assurance and data auditing procedures.

Evaluatethe effectiveness of the vascular prosthesis, such as the

r prosthesis.
osthesis. An
a prosthesis
publication.
vestigation if

gh reference
lata shall be

bf a vascular
batch studies

hr prosthesis

10_=structural and material integrity of the prncfhpcic overtime

2) patency of the prosthesis over time, and
3) failure modes;

Evaluate the safety of the vascular prosthesis, such as the adverse events.

10.1.3 Protocol considerations

A multicentre study, at a minimum of three investigational sites, shall be performed. A justification for
the number of investigational sites shall be provided.

A specific question or set of questions (i.e. hypotheses) shall be defined prospectively. These questions
shall delineate the appropriate primary safety and effectiveness endpoints to be evaluated. Definitions
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of success and failure for each endpoint and the duration of follow-up needed to assess each endpoint
shall be specified. A definition for the study success shall also be specified (e.g. meeting both the safety
and effectiveness primary endpoints).

A statistical justification for the number of patients studied shall be provided based upon the primary
hypotheses. No investigational site should enroll more than 50 percent of the total number of study
subjects.

The clinical investigation shall be continued for a minimum of 12 months for each patient unless a
justification for a different study duration is provided. Patient follow-up intervals shall include a
minimum of a baseline assessment at discharge and an assessment at the specified study duration.
A justificati ' ' -1p | ' ' including
those excludgd from the primary endpoint analyses, shall be recorded and reported. The finaljeport
shall include| current follow-up data on all patients when the required number of patientscto‘tept the
hypotheses Have reached the specified study duration.

A control shjpuld be included in the study to appropriately address the questionsipostulated. If an
appropriate fontrol is not or cannot be identified, or if a concurrent control is unnecessary, a method
for evaluating the clinical outcomes shall be prospectively defined and justified\(€.g. through ude of a
performance goal).

The study dgsign shall be designated by the following terms:

— randomized, multi-arm, “unblinded” study with a concurrent _centrol using an alternative |or no

treatment;
— non-randlomized study with concurrent control;

— single-am study with patient serving as own controls{include designed single-arm crossover

— single-atm study with historical control using patient-level data;
— single-am study with literature control;

— single-afm study with performance goals:

Patient inclupion and exclusion criteria-shall be clearly identified.

Definitions, primary and secondary clinical endpoints, measurement methods and data analysiq shall
be specified |n the clinical protecok:

10.1.4 Datd acquisition
At least the fpllowingddata shall be recorded for each patient in the study:

a) identificption'and demographic data:

1) patighf iﬂnnfifirafinn;

2) indication for treatment (e.g. aneurysm, dissection, occlusion), if the selection criteria for the
study is not limited to one indication;

3) patient demographics:
i) date of birth;
ii) sex;
iii) race;
iv) mass;

4) name of implanting physician;
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name of institution;

pre-operative data:

1)

2)

risk factors, such as hypertension, diabetes, coronary artery disease, hyperlipidemia, tobacco

use, obesity, anaesthesia risk and any other cardiovascular risk factors;

summary of previous vascular interventions at the same or other relevant vascular sites,
including nonsurgical interventions and previously implanted vascular devices (e.g. stents,

endovascular prostheses, surgically placed vascular prostheses);

For arteriovenous shunts, this should include a summary of previous dialysis shunts. For

=)

perative data:

example:

i) material;

ii) site and vessel anastomoses;

iii) implant date;

iv) frequency of use;

v) revision date(s) and type;

vi) failure date and mode;

relevant medications;

diagnostic criteria:

i) clinical assessment (e.g. noninvasive iemodynamic assessment);

ii) objective assessment (e.g. C.T.»Scanning, magnetic resonance imaging, ultr
arteriography, duplex Dopplex);

For arteriovenous shunts,.an objective assessment may not be applicable;

date of procedure;

identification,data for the vascular prosthesis including identification number, c
and diameter;

information regarding the procedure:

i) _Sidentity of native vessel(s) treated or location of anastomoses for an arterioy
prosthesis;

hsonography,

bnfiguration,

enous access

4)
5)

i) details of anmastomoses feg-type {e-g-end-to-emnd); tocation];
iii) length of prosthesis implanted;

iv) adjunctive vascular procedures;

relevant medications (e.g. heparin, other anticoagulants);

assessment of prosthesis function and mode of assessment (e.g. intraoperative
intraoperative Doppler);
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6) failure modes and adverse operative events;

d) post-operative data for arteriovenous access:

1y

2)

e) post-opdrative data forall other clinical uses (i.e. non-arterialvenous access):

1y

2)
3)

4)

5)

22

assessment at dialysis session:

i) interval of follow-up (e.g. initial prosthesis dialysis session and 1, 3, 6, and 12 months after
initial prosthesis use);

ii) date of dialysis session;

iii) size and type of needles;

iv) pbility to dialyze during the session;

v) [Fime to hemostasis after needle withdrawal, if applicable;
vi) pbservations at implant site;

vii) pdverse events;

assessment at the investigational site:

i) [nterval of follow-up (e.g. discharge or 7 d to 14 d after surgery and 3, 6 and 12 mjonths
hfter surgery);

ii) date of follow-up;
iii) patency of prosthesis;

iv) pummary of vascular interventions, including minimally invasive procedures, sinde last
follow-up;

v) relevant medications;

vi) pdverse events;

vii) jnformation obtained during-any unscheduled follow-up visit:
[) date;

[[) reason for visit;

interval of follow-up (e.g. discharge or 7 d to 14 d after surgery and 6 and 12 monthsg after
surgery);

date| of follow-up visit;

summary of vascular interventions, including minimally invasive procedures, since last
follow-up;

clinical evaluation:
i) clinical assessment (e.g. noninvasive hemodynamic assessment);

ii) objective assessment of prosthesis (e.g. C.T. scanning, magnetic resonance imaging,
ultrasonography, arteriography, duplex Doppler);

relevant medications (e.g. anticoagulants or antiplatelets);
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adverse events:

i) ifanadverse eventis suspected, appropriate objective assessment should be conducted;

f) adverse events data:

1)

2)
3)

type of effect or event, date of occurrence, severity, management (e.g. none, medical treatment,
endovascular procedure, open surgery), outcome (e.g. continuing, resolved, unknown, death);

documentation of prosthesis involvement;

documentation of probable causative factors (e.g. caused by the prosthesis, patient factors,

[¢)

g)

B N =

h)

W N = T

i | P 1 £ i Al
el dl 1dal tul D),

kplant data:

date;
whether the subject is living or deceased;
reason for explant, if applicable;

relevant observations (e.g. device integrity, device positioning, tissue incorporat
tissue erosion), if available;

htient withdrawal:

date;
months of study completed;

reason for withdrawal (e.g. lost to fellow-up, withdrew consent, removed fro
physician recommendation).

10.1.5 Final report

The final clinical report shall include the following:

a)

2]

U

fudy protocol, includingthe following at a minimum:

study description,{e.g. study design designation, control arm, number of site
patients);

primary and secondary endpoints, hypotheses and definitions of success;
definition of study success;

Subject population (i.e. selection criteria);

ion, vascular

m study per

5, number of

(2 S N S\

)
6)
7)
8)

follow-up intervals;
methods of assessment (e.g. clinical, CTA, MRA, duplex ultrasound);
data analysis plan;

definitions of adverse events;

b) rationale, based on the risk assessment and questions to be answered, for selection of the following:

1)
2)
3)

study size;
choice of control;

measurement methods;
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f)
g)
h)

4) statistical analyses employed;

5) patient follow-up intervals;

number

of patients treated at each investigational site;

follow-up accountability (e.g. numbers of patients eligible for each follow-up interval and the
number with specified follow-up data), including a rationale for the exclusion of data from the
primary endpoint analyses;

demographics and risk factors;

diamete

£ H pa |
o Ul UUVILLS Uostl U,

significajnt and/or relevant deviations from the protocol;

results:

1) primpary and secondary outcomes:

i)

ii)
2) com
conclusi

safety;
pffectiveness;
parison of results for test and control groups;

bns from study, including results of hypothesis testing and achievement of succe

defined by the protocol.

10.2 Post market surveillance

A systemati¢ procedure to review post market experience gained from implants should be in
using the pri

hciples given in ISO 14630:2012 and.JS0" 14971.

11 Manufacturing

Tubular vasdular grafts and vascular patches shall be manufactured in such a way that the spe
design attributes are achieved. Requirements are specified in other related International Stan,
(e.g.ISO 134

12 Sterilitly

B5).

The prosthegis shall-be supplied sterile.

For terminal

a)
b)
‘)
d)

e)

If vascul
If vascul

If vascul

y sterilized products, a sterility assurance level (SAL) of 10-6 shall be obtained.

tSS as

place

cified
dards

ar prosthesesare to besteritized by ethyterre oxide; 1S6-1 1135 shattappty:
ar prostheses are to be sterilized by moist heat, ISO 17665 shall apply.

ar prostheses are to be sterilized by radiation, ISO 11137 (all parts) shall apply.

If single-use vascular prostheses incorporating animal tissue are to be sterilized using liquid
chemical sterilants, ISO 14160 shall apply.

If vascular prostheses are to be sterilized by other sterilization processes, ISO 14937 shall apply.

The particular problems of transfer of infective agents by prostheses of animal, including human, tissue
should be taken into account when validating sterilization processes.

24
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13 Packaging and labelling

13.1 General
The requirements of ISO 14630:2012 shall apply.

13.2 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.

13.3 [Outer container

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

13.4|Shipping container

Each pnit 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.

13.5|Maintenance of sterility in transit

The utlit container shall be designed to maintain the stérility of the endovascular system under nominal
conditions of handling, transit, and storage and to. permit the contents to be presented for use in an
aseptjc manner.

The plackaging shall conform to ISO 11607-1:
13.6|Marking

13.6.1 Container label

Each [vascular patch or tubular vascular graft shall be accompanied by a label(s) on an appropriate
contaliner(s). At least thesfoHowing information shall be provided on the label(s):

a) npme, address, and/or trademark of the manufacturer;
b) njaterial of donstruction and type of construction;

A

bnfiguration (see 4.1). A symbol may be substituted for a written description of the pfrosthesis

(@)

(¢.87) = straight, Y = bifurcated, I = axillo-bifemoral), o= rectangular for vascular pat¢hes);

d) minimum usable length for tubular vascular grafts;

e) nominal relaxed internal diameter(s) for tubular vascular grafts;

f) if appropriate, the nominal pressurized internal diameter(s) for tubular vascular grafts;
g) minimum usable length and width for vascular patches;

h) if appropriate, the porosity, mean water permeability, integral water permeability/leakage, and/or
water entry pressure;

i) the words STERILE DO NOT RESTERILIZE SINGLE USE ONLY, or equivalent phrase or symbols, in
prominent form;

j)  method of sterilization;
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k)
D)

q)

manufac

turer’s batch or lot number;

sterile lot number;

NOTE

If the manufacturer’s batch or lot number (k) and the sterile lot number (1) can be traced

same information, only one number need be given;

date of sterilization and/or the expiry/expiration date;

a warning against the use of the device if the package is open or damaged;

manufac

turer’s recommendations for storage, when applicable;

to the

chemica

if approy

13.6.2 Recd

Each prosths
of the patien

a)
b)
‘)
d)

manufad
product
manufad

partorn

13.6.3 Geng

Each unit ca
instructions
IFU. The inst

a)
b)

c)

d)

f)
g)

26

indicatid
contrain
recomm
implants
techniqu

the statd

notificat]

riate, a prominent statement regarding preclotting requirements or restrictions:

rd label

sis shall be supplied with transferable record labels suitable for attachment to the re
F receiving the implant. The record label shall include at least the foHowing informati

turer’s name and address;
name;
turer’s batch or lot number and/or sterile lot number;

hodel number (i.e. manufacturer’s catalog number).

bral information and instructions for usé

ntainer or outer container of which_the contents are identical shall be supplied
for the use of the prosthesis or instructions on how to access an electronic version
ructions shall include the following information:

ns for use;
dications, cautions, and‘'warnings that are applicable;

bnded methods for_the aseptic presentation and the preparation of the prosthes
tion, including-any pretreatment such as prewashing, preclotting, and/or implan
es, if applicable;

ment STERILE DO NOT RESTERILIZE SINGLE USE ONLY in prominent form;

ionofadditives and/or leachable components, if applicable;

nature of any storage fluid in the unit container, with any appropriate hazard warni|ng;

cords
on:

with
pf the

is for
ration

recomm

= £ b e 1. 1.1
CIIUALIUILIS TUT StUTAEC, 1T dPpPHL4dUIT,

date of, or reference relating to, the publication of the text, indicating if the text has been revised.
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Annex A
(informative)

Test methods

A.1 General

The information included in this Annex is intended to provide guidance for pre-clinical\in
perfofmed in order to verify the design of the vascular prostheses. Guidance for. Tepor
results is also provided. It is recognized that not all of the tests described in this.Annex a
for egch type of tubular vascular graft or vascular patch (biological, syntheti¢textile, sy
, coated). Itis also recognized that testing intended to assure that the device meets s

Compllete test methods are not included in this Annex due to the¢neéd for flexibility
apprdpriate methodologies for specific device designs and indications for use. To enhancg
in the testing of devices, use of methods developed based on thélsteps and concepts ou
Annek is recommended. If alternative methods are employed,£hese methods should be jus

It is rpcognized that some methods may be combined whenrtesting is conducted for a spg
vascular graft or vascular patch. For those tests performed simultaneously, the report sh
the individual test results for each of the tests listed ifiithe body of the standard.

Modif
vario
atten

ications to existing test methods or inclusioh of additional test methods might be

ion should be made to physiological conditions in the vasculature.

To en
and a
The
acce

sure valid results, measurementequipment used during testing should have appropri
ccuracy and be calibrated or verified against traceable measurement standards as

recision and accuracy sheuld be adequate to determine the measured value re
JLance criteria.

NOTE
differ

Although this is @n) informative Annex, the use of the terms “should” and “shall” ag
bntiate between congsiderations and essential components of the methods, respectively.

A.2 |Sampling

A sampling plan shall be utilized which will ensure that adequate representation (e.g.

manufacture can be conducted in a manner other than those outlined in this Annex.

vitro testing
ting the test
ire applicable
rnthetic non-
pecifications

in designing

consistency
lined in this
tified.

ecific tubular
ould provide

required for

s tubular vascular graft or vascular patch'designs. Further, when identifying testinlg conditions,

Ate precision
appropriate.
lative to the

e intended to

Itiple sizes)

has beenc¢obtained for each characteristic measured. The test samples shall be represeptative, with
respectto the design attribute under evaluation, of the devices to be released for distributjion.

Sampling should ensure adequate representation of the potential variability (e.g. a minimum of three
samples from a minimum of three lots) in device characteristics.

A rationale should be provided for sample selection. For all tests, the number of samples shall be
justified.

NOTE The information included in this subclause is identical to the requirements for sampling in 8.2.

A.3 Conditioning of test samples

All samples should be subjected to sterilization, including multiple sterilizations, if appropriate, unless
justification is provided for use of nonsterilized products.
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Samples should be subjected to conditions that are normally encountered during clinical use that
might affect the test results, including preparation as stated in the instructions for use (IFU), where
appropriate.

Tubular vascular grafts and vascular patches whose material properties are sensitive to temperature
and/or hydration should consider these conditions during testing.

NOTE The information included in this subclause is identical to the requirements for conditioning of test
samples in 8.3.

A.4 Reporting

For the purpgses of this International Standard, reporting refers to submission to a regulatory authority.

The design g¢valuation report should include an appropriate table of contents (including appenfices)
and three mpin sections: a) an executive summary; b) individual test summaries; c) detailed reports.
Pages should be numbered sequentially throughout the document (including appendices).

a) The exedutive summary should include

1) adescription of the bench and nonclinical in vivo testing and analysesythat have been perfqrmed
and pny relevant clinical information,

2) justification for the selection of tests, and

3) a taple to summarize the testing completed, with the following columns: name of tesf, test
purpose, test sample description, number of samples{acceptance criteria, summary of r¢sults,
and fross references to the test summary and full test report.

b) Individupl test summaries should include
1) abrjef summary of the purpose, methods; and results, and
2) the gignificance of the test results
i) for tests with acceptance criteria, justification for the criteria, or
ii) for characterization tests)an explanation of the relevance of the results.

These results can-provide a baseline for comparison with design iterations, [when
hpplicable.

Clinical appli€ability of the acceptance criteria, or the relevance of characterization r¢sults,
hall takeinto consideration the anatomical and physiological conditions of the intendeld use.

3) Individupl testreports should include the following information:

1) purpose: state the purpose of the test as it corresponds to this International Standard; |

2) materials: list significant materials (e.g. test articles with lot/serial numbers or other
appropriate means of traceability, critical equipment) used in performing the test, using
figures and diagrams as appropriate;

3) sampling: state the sampling plan, including the basis for and the number of samples tested
and justification for the selection of test articles (e.g. sizes, conditioning);

4) acceptance criteria, if applicable: state the criteria for the test results, including justification
and/or clinical relevance;

5) testmethod: describe in detail the method used to perform the test, including any prospectively
defined inspection procedures, and provide a justification for relevant test parameters;
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6) protocol deviations: describe any deviations and their potential significance on the
interpretation of the results;
7) expression of results: report testing results expressed in units as indicated in the test method;
8) conclusions: state conclusions, based on comparing results to acceptance criteria or provide an
explanation of the relevance of the results for characterization tests and, if appropriate, include
a discussion on the potential clinical significance of the results.
NOTE The information included in this subclause is identical to the requirements for reporting in 8.4.
A.5 [Testmethods
Table|A.1 contains a listing of the test methods contained in Annex A cross refereficed fo the design
evaluption requirements of this International Standard.

Table A.1 — Index of test methods

Design Tests Annex A
Evaluation Subclause
Section
8.7 Bench and analytical tests
8.7.2 Tubular vascular grafts
8.7.2.1 Permeability G\Q\ A.5.1
8.7.2.1.3 Porosity (non-textile materials) A5.1.1
Planimeteric porosity A5.1.1.1
Gravimetric porosity A5.1.1.2
Microscopic porosity (inter-nodal distance) A.5.1.1.3
8.7.2.1.5 Water permeability-(textile materials, biologic) A51.2
8.7.2.1.2 Integral water perieability/leakage A.5.1.3
8.7.2.1.4 Water entry pressure (non-textile materials) A5.14
8.7.2.2 Strength$‘ Ab5.2
8.7.2.2.5 Pressurized burst strength A5.2.2
8.7.2.2.4 Lengitudinal tensile strength A.5.2.3
8.7.2.2.2 Circumferential tensile strength A5.2.4
8.7.2.2.3 Diaphragm pressurized burst strength A.5.2.5
8.7.2.2.6 Probe burst strength A5.2.6
8.7.2:237 Strength after repeated puncture A.5.2.7
8.7/2.3 Length A.5.3
8.7.2.4 Relaxed internal diameter A5.4
8.7.2.5 Pressurized internal diameter A5.5
8.7.2.6 Wall thickness A.5.6
8.7.2.7 Suture retention strength A5.7
8.7.2.8 Kink diameter/radius A.5.8
8.7.29 Dynamic radial compliance A.59
8.7.3 Vascular patches
8.7.3.1 Permeability AS5.1
8.7.3.1.2 Porosity A51.1
Planimeteric porosity A5.1.1.1
Gravimetric porosity A5.1.1.2
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Table A.1 (continued)
Design Tests Annex A
Evaluation Subclause
Section
Microscopic porosity (inter-nodal distance) A.5.1.1.3
8.7.2.14 Water permeability A5.1.2
8.72.1.3 Water entry pressure A5.14
8.7.2.2 Strength Ab5.2
8.7.2.2.3 Longitudinal tensile strength A5.2.3
8.7.2.07Z Diaphragm pressurized burst strengen A52.5
8.7.2.p.4 Probe burst strength A52.6
8.7.3.3 Length and width A.5]3
8.7.3.4 Wall thickness A.56
8.7.35 Suture retention strength A.5{7
NOTE Eath test method might not be appropriate for all prosthesis designs. Thejcodes given beloy give

guidance as tq

A All
B Big
C Co
N No
T Te;

Compound o

A.5.1 Perr

A.5.1.1 Pol
One of the fo
a) planime

b) gravime

which test methods might be appropriate.
material types
logical
hted
h-textile synthetic
ktile synthetic

F composite prostheses may encompass-one or more of the above categories.
heability

rosity (N)

lowing methods shall'be used:

ric porosity;

fric porosity;

C) microscgpic poresity.

NOTE Th

e planimetric and gravimetric methods provide a measurement of effective porosity,

the microscoy

while

icomethod provides an index of effective porosity in terms of intermodal distance or mea

L pore

diameter.

An alternative method may be used, provided that there is documented evidence that it is equivalent.

A5.111 P

A5.1.1.1.1

lanimetric porosity

Purpose

The purpose of this test is 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.

30

© ISO 2016 - All rights reserved


https://standardsiso.com/api/?name=43ab3d478a09224850832077dc65943c

ISO 7198:2016(E)

A.5.1.1.1.2 Materials
Materials to be used include the following:

a) equipment for preparing a scanning electron micrograph of a section of the prosthesis or equipment
to enable visual examination and/or photography of the specimen or a section of the specimen by
light microscopy;

b) ameasuring device capable of measuring the area of the voids and/or the area of the material.

A.5.1.1.1.3 Sampling

Sampling shall be in accordance with A.2.

A.5.1{1.1.4 Test procedure
From|each sample prosthesis, either
a) p[epare a scanning electron micrograph(s), or

b) prepare a photograph(s) or digital image for optical examination of the surface of the sample
(3ee NOTE).

NOTE The degree of magnification is dependent upon the nature’of the sample and the measuifing apparatus

avai::rle

Examfine the electron micrographs or the photographs @sing the measuring apparatus and determine
the sige of the voids, the number of voids per square millimeter, and the area of the material. The surface
exam|ned (inner or outer) shall be recorded.

Calcujate and record the porosity (P) of each test specimen from Formula (A.1):

A — 100 x total area-of voids (A1)
total area of voids +'\.total area of materials

Calcujate and record the mean afid‘standard deviation of the porosity.

A.5.1]1.1.5 Expression of results

Porogity shall be expréssed as a percentage.

A.5.1{1.1.6 Testreport and additional information

The test repert shall be in accordance with A.4. The test report shall include the surface ¢xamined, its
dimeTsions, and the mean and standard deviations of the porosity of the sample prosthesgs.

A.5.1.1.2 Gravimetric porosity

A.5.1.1.2.1 Purpose

The purpose of this test is to compare the measured mass per unit area of the sample prosthesis with
the product density and the wall thickness of the sample.

A.5.1.1.2.2 Materials
Materials to be used include the following:
a) abalance, capable of weighing with an accuracy of 0,1 % of the mean sample mass;

b) equipment for determining of the volume of the sample with an accuracy of £5 %j;
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NOTE

c)

A.5.1.1.2.3

The measurement of area can be derived from separate determinations of length and diameter,
as described in A.5.3 and either A.5.4 or A.5.5; alternatively, a cut, flat sample can be used. The pressurized
internal diameter need only be used if it is to be disclosed in accordance with 8.7.2.5.

equipment for determination of non-porous material density.

Sampling

Sampling shall be in accordance with A.2.

A5.1.1.24

Test procedure

Each sample
a) the total
b) the total

c) the den;j

centimet

should not be less than 100 mm in length. Determine the following:
mass (m) in grams;
material volume (V) in cubic centimeters;

ity of (p) of the fibrous or polymeric material in each specimemn,\in grams per
er, by means of a suitable density gradient method.

Calculate andl record the porosity (P) of each sample from Formula (A.2):

P =100

(m)

1->~
Vp

Calculate angl record the mean and standard deviation of porasity.

A.5.1.1.2.5

Porosity sha

A5.1.1.2.6

The test rep
deviation of

A5.113 WM

A.5.1.1.3.1

The purpose
polymers by
If there is a
justification

Expression of results

| be expressed as a percentage.

Test report and additional information

brt shall be in accordance with A.4. The test report shall include the mean and sta
he porosity of the samplé.prostheses.

[icroscopic porosity (inter-nodal distance)

Purpose

of this(test is to determine the main inter-nodal distance in stretched or exp
meansof measurements made on a scanning electron micrograph or microscopic i
difference between the inner and outer surfaces, both should be characterized u
sprovided for the surface measured.

cubic

(A.2)

hdard

inded

ages.

njess a

]

A.5.1.1.3.2

Materials

Materials to be used include the following:

a)

equipment for preparing a scanning electron micrograph of a section of the prosthesis or

equipment to enable microscopic examination and/or photography of the specimen or a section of
the specimen by light microscopy;

b) adevice

NOTE
under clinical

32

capable of measuring inter-nodal distance.

conditions.

As part of samples preparation, the test sample can be placed under moderate tension if it is extensible
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A.5.1.1.3.3 Sampling

Sampling shall be in accordance with A.2.

A.5.1.1.3.4 Test procedure

Prepare a scanning electron micrograph of a section of the test specimen or visualize (image) the
sample under magnification.

NOTE

The degree of magnification is dependent upon the nature of the sample and the measuring apparatus

available.

Detern
or fib

A5.1

The npean and standard deviation of the inter-nodal distance shall be expressed in microm

A.5.1
The t

dimensions, the inter-nodal distance mean of each sample, and'the mean and standard dev|

mine the distance between the inner edges of neighbouring nodes in the direction pf
Fils. Perform this determination on at least six locations from each image.

1.3.5 Expression of results

1.3.6 Testreport and additional information

bst report shall be in accordance with A.4. The test report.shall include the surface ¢

'he filaments

eters (pm).

bxamined, its
iations of the

porodity of the sample prostheses.

A.5.1]2 Water permeability (B, T, C)

A.5.1]2.1 Purpose

The gurpose of this test is to measure thetate of flow of water through a given area df the sample

prosthesis under a given hydrostatic pressure.

A.5.1{2.2 Materials

Matetfials to be used include the following:

a) afflow measuring device or with an accuracy of +5 % reported value;
More than one such‘device may be required to cover the range of flow rates encounftered during
testing. A flujd\collection device capable of measuring the volume used in conjunfction with a
cplibrated timing device may be substituted for the flow measuring device;

b) a| pressure” measuring device capable of measuring hydrostatic pressures to an|accuracy of
#0,3kRa’ (2 mmHg);

c) alsatapleheldingdevice designedso-that
1) the area of the aperture of the holding device is between 0,5 cm? and 1,0 cm?2, measured with a

precision of +1 %, and

2) the configuration of the aperture is circular (see NOTE);

3)

If a narrow sample is to be tested, the aperture may be in the form of a rectangle. When this
form of aperture is used, it should be stated in the test report, together with its dimensions

measured to a precision of +1 %. The orientation of the sample shall also be noted

sample of six diameters of the test area;

© ISO 2016 - All rights reserved
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4) leak

016(E)

s around the sample are not observed;

d) a means of supplying clean, filtered, room-temperature (or otherwise specified) water to the
sample holding device to a pressure of 16,0 kPa (120 mmHg) for the duration of the test.

Water shall be filtered such that particles are removed that would affect the results of the test.

A.5.1.2.3 Sampling

Sampling shall be in accordance with A.2.

A.5.1.2.4 Testpreecedure

The sample |
specified) to

Load the san
sample so as

Turn on the
as indicated
through the
(steady stat¢

Calculate andl record the water permeability from Formula (A.3);

Water pe

where

Q isth

A isa

Record the a

A.5.1.2.5 Ekpression of results
Water permdability shall be expréssed in milliliters per centimeter squared per minute (mL cm2 1
A.5.1.2.6 Testreport

The test rep
deviations o
aperture, if 1
A.5.1.3 Int

A5.131 P

prosthesis may be submerged in clean, filtered water at room temperature (or-othe
wet the sample prior to testing.

1ple into the holder, manipulating to remove any wrinkles or folds, but donot stret
to apply a net load in any direction.

water flow system and adjust until a pressure of 16,0 kPa + 0,3 kPa [(120 + 2) m
on the pressure-measuring device, is obtained. Measure the flow rate of water p4
sample for a period of 60 s + 1 s, during which the system iS-operating under steady

conditions.

rmeability = Q/A

e flowrate through the sample, in milliliters per minute;
ross-sectional area of the apertlire in the sample holder, in square centimeters.

rea and, if appropriate, dimensions of the aperture.

ort shalbbe in accordance with A.4. The test report shall include mean and sta
[ the measured water permeability of the sample prostheses, and the dimensions
eCtangular.

rwise

th the

mHg],
1Ssing
r flow

(A.3)

hin-1).

hdard
bf the

egral water permeability/leakage (A)

urpose

The purpose of this test is to measure the rate of water leakage through the entire prosthesis wall or
to measure a representative segment in tubular form under a pressure of 16 kPa (120 mmHg). The test
segment shall include any areas where leakage is of concern (e.g. factory anastomoses, suture fixation
points). The test will accommodate both straight and bifurcated configurations.
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3.2 Materials

Materials to be used include the following:

extend freely

than 16 kPa

intraluminal

ue) of water

eal.

br otherwise

a) clean, filtered, room-temperature (or otherwise specified) water;

Water shall be filtered such that particles are removed that would affect the results of the test.
Water viscosity is dependent upon temperature and should be considered.

b) asetofadapters specific for the internal diameter of the prostheses to be tested to mount the sample;
The seal between the sample prosthesis and the adapters shall be water-tight. The prosthesis
afapterassembly tsconmectedtoafixturewhichattowsoneendof theprosthresisto
while pressurized;

c) a|pressure-regulated system capable of delivering and maintaining water at greater
(120 mmHg);

d) a|pressure-measuring device (e.g. a transducer or gauge), configured to measure the
pressure of the prosthesis during the test [to an accuracy of 0,3 kPa (2 mmHg)];

e) a|means for measuring the volumetric flow (with an accuracy.ef +5 % reported va
through the prosthesis wall and/or a means for collecting thelleakage;

Thhis may be accomplished by a flowmeter or collection method;

f) altimer;

g) a|means of determining the test length of the prosthesis, in centimeters, from seal to s

A.5.1]3.3 Sampling

Sampling shall be in accordance with A.2.

A.5.1]3.4 Testprocedure

The spmple prosthesis may be@Submerged in clean, filtered water at room temperature (|

specified) to wet the sample frior to testing.

The prrosthesis should hétgsted in its implantable state.

Seal t
of the

Conn

using|
and 1

entra

he distal end(s) of test sample with the plug or adaptor appropriately sized to the in
test prosthesis.

ect the proximal end(s) of the sample prosthesis to the adapter(s) specific for the inter
a water-tight sealing technique. Connect the adapters and prosthesis to the presg

heasurement fixture. Gradually increase the intraluminal pressure in the sample,
nad o3 Dyroccuyyign+a 12 N 1Do L N2 DS (190 s IT g L D s TT 5 Allavar tha oo

ner diameter

nal diameter
ure delivery
bleeding off

A~ T TessHrize—+o TO, U ST d = U,0 ST o (10U ttg — Z ittg s YTITOW—te Press

re or flow to

stabilize and measure the leakage through the prosthesis wall for 60 s or an appropriately determined
time to provide an accurate measurement. Leakage through the body and legs of bifurcates or other
branched configurations may be measured separately.

Calcu

A5.1

late the surface area of the prosthesis or segment.

.3.5 Expression of results

Integral water permeability shall be expressed as milliliters per centimeter squared per minute (mL-cm-
2.min-1). For anastomotic leakage, the leakage in the region of the anastomosis shall be expressed as

millil

iters per minute.
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A.5.1.3.6 Testreportand additional information

The test report shall be in accordance with A.4. The test report shall include the mean and standard
deviations of integral water permeability and/or anastomotic leakage of the sample prostheses.

A.5.1.4 Water entry pressure (N)

A.5.1.4.1 Purpose

The purpose of this test is to determine the water entry pressure of the vascular prostheses.

A.5.1.4.2 Materials
Materials to pe used include the following:
a) amachinje capable of incrementally pressurizing samples until leakage occurs;

b) an apprppriate pressure transducer should also be used with an accuracy of +5 % ¢f the
reported value.

A.5.1.4.3 Shmpling

Sampling shall be in accordance with A.2.

A.5.1.4.4 Testprocedure

Samples are filled with water and pressurized to an initial.value determined by the manufacturejr. The
pressure is then increased incrementally and held for-aperiod of time no less than 30 seconds{ Once
water is obs¢rved on the external surface, the pressureiis recorded and the test terminated. This|is the
water entry pressure.

NOTE Ingpection for the water is done withoutmragnification.

A.5.1.4.5 Egpression of results

The pressurg shall be recorded in kilopascals (kPa).

A.5.1.4.6 Testreportand additional information

The test repprt shall be in-accordance with A.4. The test report shall include the mean and stahdard
deviations of water entrypressure of the sample prostheses.

Additional irfformation, including the incremental rate of pressure increase, shall be reported.

A.5.2 Strength

A.5.2.1 General

Pressurized burst strength and longitudinal tensile strength are the preferred methods to evaluate
strength for tubular vascular prostheses. Diaphragm pressurized burst strength or probe burst
strength and tensile strength are the preferred methods to evaluate strength for vascular patches.

If pressurized burst cannot be readily measured, circumferential strength or probe burst are acceptable
alternatives for tubular vascular prostheses.

Viscoelastic materials (e.g. biological) have strain rate dependent mechanical properties. Testing
should be done at the same conditions (e.g. strain rate, temperature) between tests in order to make
meaningful comparisons of results.
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A.5.2.2 Pressurized burst strength (A)

A.5.2.2.1 Purpose
The purpose of this test is to determine the pressurized burst strength by either

a) filling the prosthesis directly with fluid or gas at a measured rate of pressure change until bursting
of the sample prosthesis takes place, or

b) placing an elastic, non-permeable liner inside the prosthesis and filling the liner with fluid or gas at
a measured rate of pressure change until bursting of the sample prosthesis takes place.

A.5.2{2.2 Materials

The npaterials to be used include

a)

o8]

system capable of measuring and recording pressure to greater than thébursting pressure to an
ccuracy of +5 % of the reported value,

jo5)

b) ah apparatus capable of applying a steadily increasing at a controlled rate fluid or gap pressure to
the inside of the sample prosthesis extended, and

c) iffapplicable, an elastic, non-permeable liner distension apparatus with a diameter nofably greater
than the nominal pressurized diameter of the sample at.16kPa (120 mmHg).

A.5.2]2.3 Sampling

Sampling shall be in accordance with A.2.

A.5.2]12.4 Procedure

Carefplly insert the elastic, non-permeable liner through the sample prosthesis or attach the sample
prosthesis directly to the pressurization-apparatus.

It might be necessary to lubricate-the liner to facilitate insertion; however, effect of the liner and
lubridant on the test results shall be considered. In addition, the loading sharing of the|elastic, non-
permgable liner shall be considered in context of the strength of the test sample.

The piressure-measuringdevice shall record the pressure that exists inside the sample prosthesis. Feed
fluid pr gas to produee@ steady rise in pressure at a controlled rate 10 kPa/s and 70 kPa/s|Measure the
presspure inside thesample prosthesis. Record the rate of pressure rise and the pressure atfwhich either
the sgmple prosthesis bursts or the test is discontinued.

Calcujate and record the mean and the standard deviations for the bursting pressure.

A.5.212.5 Expression of results

The rate of pressure rise shall be expressed in kilopascals per second and the bursting pressure in
kilopascals.

A.5.2.2.6 Testreportand additional information

The test report shall be in accordance with A.4. The test report shall include the mean and standard
deviation of the bursting pressure of the sample prostheses.

Additional information, including the method of testing and the rate of pressurization, shall be reported.
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A.5.2.3 Longitudinal tensile strength (A)

A.5.2.3.1 Purpose

The purpose of this test is to determine the longitudinal tensile strength of the sample prosthesis in
its tubular form when loaded longitudinally along its centerline. For vascular patches, an appropriate
tensile sample (e.g. with a reduced cross section) can be used. The sample is stretched at a uniform rate
until the yield and/or break point is reached.

NOTE For vascular patches, testing might be appropriate in both the longitudinal and transverse directions.

A.5.2.3.2 aterials
Materials to pe used include the following:

a) atensilelstrength machine having a constant rate of traverse and suitable jaws tochéld the sample
prosthedis firmly without damaging its structure (i.e. because such damage might.cause the preak
to occur| prematurely at the jaw margins), with the accuracy of the load measurement devlice of
+2 9% of the reported load at yield or break;

b) alengthmeasuring device accurate to +0,5 mm.

A.5.2.3.3 Shmpling

Sampling shall be in accordance with A.2.

A.5.2.3.4 Test procedure

If testing factory anastomotic strength, a region incorperating the anastomosis (i.e. factory suture-line
or seam in the fabric or graft material) should be tested.

Soak sample|prosthesis to manufacturer’s specifications, if applicable. Remove synthetic mesh covering
the prosthesjs before testing, if appropriate.

Place the engls of the sample prosthesjstin‘the jaws with an initial separation of between 50 mm and
150 mm. Cate should be taken to ensure that the sample is not stretched, twisted, or damaged by
the jaws and slack should be kept-to-a minimum. Stretch the specimen at a steady rate (e.g. befween
50 mm-min-{ and 200 mm-min-H.until the break point is reached. Determine the load at yield or break,
i.e. the maximum load (Tnax)@nd the rate of extension.

A.5.2.3.5 l;[(pression ofresults
The longitudjfinal tensile strength of each sample is expressed in kilonewtons as:

Maximumdoad = Tmax

A.5.2.3.6 Testreportand additional information

The test report shall be in accordance with A.4. The test report shall include the mean and standard
deviations of the longitudinal tensile strength of the sample prostheses and the rate of extension and
the test sample gauge length (with rationale, if not within the specified range).

38 © IS0 2016 - All rights reserved


https://standardsiso.com/api/?name=43ab3d478a09224850832077dc65943c

ISO 7198:2016(E)

A.5.2.4 Circumferential tensile strength - tubular vascular graft only (A)

A.5.2.4.1 Purpose
The purpose of this test is to determine the circumferential tensile strength of the sample prosthesis

in its tubular form when placed onto two rounded pins and stretched at a uniform rate until the yield
and/or break point is reached.

A.5.2.4.2 Materials

Materials to be used include the following:

a) aftensile testing machine having a constant rate of traverse, and with appropriately(sized pins and
spitable holders over which the sample prosthesis may be placed, with the accuracl of the load
nmeasurement device of +2 % of the reported load at yield or break;

Alsuitable example is given in Figure A.1 a) and b);

b) allength measuring device accurate to 0,5 mm;

&
)

pparatus to measure the relaxed internal diameter.
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4  pin adapter
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Figure A.1 — Split bar tester

A.5.2.4.3 Sampling

Sampling shall be in accordance with A.2.
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A.5.2.4.4 Testprocedure

Cut a test specimen from the sample prosthesis with a length not less than the nominal relaxed internal
diameter. After careful removal of any crimp, measure and record the length of the specimen (L) in
millimeters to +0,5 mm. Place 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 mm-min-1 to 200 mm-min-1 until the break point is reached. Determine the load at
yield or break, i.e. the maximum load (Tax), and record the rate of extension, if appropriate.

Calculate the circumferential tensile strength of each sample by dividing the maximum load (Tnax) by
the original length of the sample.

=<

aximum load /Length =

Tm_ax (A.4)
2L
A.5.2]4.5 Expression of results

The cjrcumferential tensile strength shall be expressed as kilonewtons pér millimetre.

A.5.2]4.6 Testreportand additional information

The tpst report shall be in accordance with A.4. The test repert,shall include the mean gnd standard
deviafions of the circumferential strength of the sample prostheses and the rate of extiension (with
rationale, if not within the specified range).

A.5.2|5 Diaphragm pressurized burst strength (A)

A.5.2|5.1 Purpose

The purpose of this test is to determine thelburst strength of the prosthesis when loading 4n area of the
sample that is clamped over an elastic’ditaphragm with an increasing fluid pressure that|is applied to
the underside of the diaphragm.

NOTE|1  This method is usuallynotappropriate for tightly woven fabrics.

NOTE[2  This method is similar’to the pressurized burst test method and can be used for flat sgmples such as
vascular patches.

A.5.2{5.2 Materials

Matetfials to be-used include the following:

a)

QO

bursting strength tester with a clamping ring of a diameter such that the area finder test is
pminally 100 mm?2;

=

b) for prostheses of small nominal relaxed area or inner diameter, it may be necessary to use a tester
with a smaller orifice. In this case, the size of the orifice shall be reported. A system capable of
measuring and recording pressure to greater than the bursting pressure to an accuracy of +5 % of
the reported value;

c) if deflection is desired, a system capable of measuring sample deflection at burst to an accuracy
of 5 %.

The material used for the diaphragm shall be able to extend notably beyond the failure deflection of the
test sample at 120 mmHg.

The loading sharing of the diaphragm shall be considered in context of the strength of the test sample.
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The load sharing of the deflection measurement equipment shall be considered in context of the
strength of the sample.

A.5.2.5.3 Sampling

Sampling shall be in accordance with A.2.

A.5.2.5.4 Testprocedure

If the test sample is a tubular prosthesis, cut a length from the sample prosthesis and then cut along its
longitudinal axis and flatten it to form a single thickness sheet. Place the flat sample over the orifice in

the baseplat¢ of the testapparatus so that the sample completely covers the diaphragm and, for crimped
constructionls, remove the crimp without distorting the fabric structure. Secure the clamping
Increase the|pressure at a uniform rate between 10 kPa/s and 70 kPa/s. Record the bursting pre
and the defldction, if appropriate.

A.5.255 E

The bursting
square millil

A.5.2.5.6 T

The test rep
deviations of
and the size

pression of results

pressure of each sample shall be expressed in kilopascals (kPa);the size of the orif
iters, and the nominal inside diameter of the prosthesis tested in'millimeters.

st report and additional information

brt shall be in accordance with A.4. The test report.shall include the mean and sta
the bursting pressure and if appropriate, the deflection at burst of the sample prost
bf the orifice in the test area.

Additional infformation, including the method of testing afid the rate of pressurization, shall be rep

A.5.2.6 Prgbe burst strength (A)

A.5.2.6.1 P

The purpose
over an orifi

A.5.2.6.2 M
Materials to

a) a tensile
compres
load sho

urpose

'e when a cylindrical probe‘is traversed through the specimen until it ruptures.
[aterials

be used include.the following:

sion mede or fitted with a suitable compression cage, with measurement of the compr
ildbefof an accuracy of £5 % of the reported value;

ring.
ssure

ice in

hdard
heses

brted.

of this test is to determine-the strength of an area of the sample prosthesis that is clamped

testing¢machine, having a constant rate of traverse and capable of operation in the

bssive

b) a sampl
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mple

holder should be 11,3 mm (0,445 in) in diameter. The traversing probe should have a hemispherical
radius with a diameter of 9,5 mm (3/8 in). A suitable apparatus is given in Figure A.2.
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V)

Key

=

bmispherical radius

o

Feak sharp edges

o

ring gasket

Figure A.2--=Example of a probe burst tester

A.5.216.3 Sampling

Sampling shall be in accordance with A.2.

A.5.2]6.4 Test procedure

If the|test sample’is a tubular prosthesis, cut a length from the sample prosthesis and then cut along its
longifudinal a%is and flatten it to form a single thickness sheet. Place the flat sample over the orifice
in the baseplate of the test apparatus so that the sample completely covers the orifice.|For crimped
constfuctions, remove the crimp without distorting the fabric structure. Secure the clampipg ring. Align
the b mpp]afn and the prnhﬂ’ either in the Jim/\lc of the tensile tester or in the r‘nmprnccinn cage, SO that
the two orifices and the probe are all concentric. Lower the probe until it just touches the test sample.
Traverse the probe through the sample at a constant rate of 50 mm-min-1 to 200 mm-min-1 until it
bursts. Record the probe diameter, the rate of traverse, and the maximum bursting load for each sample.

A.5.2.6.5 Expression of results

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

A.5.2.6.6 Testreportand additional information

The test report shall be in accordance with A.4. The test report shall include the mean and standard
deviations of the bursting load, the probe diameter, and the rate of traverse.
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