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(the International Organization for Standardization) is a worldwide federation of national standards bodies

(IS

member bodies). The work of preparing International Standards is normally carried out through [SO

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
norl-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely with  the

Intd
Intq
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adg
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rnational Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.
rnational Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Rart 2.
main task of technical committees is to prepare International Standards. Draft Intergational Standards

pted by the technical committees are circulated to the member bodies for voting. IPublication as an
rnational Standard requires approval by at least 75 % of the member bodies casting a vote.

Attention is drawn to the possibility that some of the elements of this documentdiay be the subject of patent

righ

ts. ISO shall not be held responsible for identifying any or all such patent rights:

Amendment 1 to International Standard 1SO 25539-1:2003 was prepared by Technical Committee

ISQ

/TC 150, Implants for surgery, Subcommittee SC 2, Cardiovascular-implants and extracorporeal systems.

This Amendment adds Annexes D and E to the document. Thesefannexes are for information only.
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Cardiovascular implants — Endovascular devices —

Part 1;

Endovascular prostheses

AMENDMENT 1: Test methods

Page 42

Add the following annex before the Bibliography.

Annex D
(informative)

Test methods

D.1 General

The information included in this annex is intended to provide guidance for pre-clinical in vitro testing perforn
in order to verify the design of the endovascular system, and to provide guidance for reporting. It is recogni

that testing intended to ensure that‘the device meets the specifications of this part of 1ISO 25539, duf

manufacture may not be conductediin accordance with the details outlined in this annex.

The intent of this annex is to identify the purpose of and important parameters for the testing described in
International Standard. T.o'\ensure consistency in the testing of devices, use of this annex is recommende
developing the methodology for the testing required by this International Standard. If the methods develo
are not consistent with the guidance provided in this annex, the differences should be justified.

In some cases7n this annex, one or more of the methods for the tests identified in the body of

ned
zed

ng

this
H in
bed

this

International.Standard have been combined into a single method. It was recognized during the drafting of

these testmethods that they should be combined to reflect the manner in which this testing is often condug
It is als@yrecognized that additional methods may be combined when testing is conducted for a specific dev
Forthase tests performed simultaneously, the report should provide the individual test results for each of
testslisted in the body of this International Standard.

ted.
ce.
the

A test method for stent-free surface area has not been included in this annex. It was recognized during

the

drafting of the test methods that measurement of this parameter is generally not applicable for endovascular

prostheses.
The methods included in this annex are grouped as follows:

— D.5.1 Endovascular system testing: dimensions (D.5.1.1 and D.5.1.2); simulated use (D.5.1.3 to D.5.1
strength (D.5.1.6);

— D.5.2 Delivery system testing: balloon inflation and deflation time; strength (D.5.2.2 to D.5.2.7);
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— D.5.3 Implant (endovascular prosthesis): dimensions (D.5.3.1 to D.5.3.4); permeability (D.5.3.5 to
D.5.3.7); strength (D.5.3.8 to D.5.3.17); stability (D.5.3.18 to D.5.3.20).
D.2 Sampling

A sampling plan should be utilized which will ensure that adequate representation of the data has been

Tk o H tant/ots

obtaired—or—each—parameter—+reastred—Hhe—desigr—eharacteristies—ofthe—graftmaterial—stent/atiachment
system, endovascular prosthesis, delivery system and endovascular system must be verified to be
repfesentative of the devices to be released for distribution, including all sizes, configurations and components,
The sampling should fully represent the range of device sizes and may not necessarily require the testing of
eadh size. A rationale should be provided for sample selection. It may be necessary to conduct an analysis to
identify the size(s) of the device with the greatest potential for failure.

Sampling should ensure adequate representation of the expected variability in the manufacture_-of devices.

For| those tests with specified confidence and reliability parameters, the sample size should have a statistical
bagis. For all tests, the number of samples should be justified.

Additional recommendations regarding sampling are included with each test method as appropriate.

D.3 Conditioning of test samples

All [samples should be subjected to sterilisation, including multiple sterilizations if appropriate, unless
justification is provided for use of non-sterilized products.

Samples should be subjected to conditions that are normally encountered, which may affect the test results.
Conditioning may include loading the endovascular-“prosthesis on or inside the delivery catheter,
pretonditioning of the endovascular system as recommended in the instructions for use (IFU) and deployment
of the prosthesis.

A gimulated physiological environment (e.gi-a temperature-controlled water bath) should be used when
apgropriate.

D.4 Reporting
For{the purposes of this annex, reporting relates to requests from a national regulatory authority.

The test report for the pre-clinical in vitro testing should include an executive summary of all testing. This
summary should include identification of tests, with the rationale for the omission of any tests identified in
Annex B or the sglection of alternative tests. The information provided in each test report should be based
upgn a prospedtively defined test protocol.

A summaryof results, with acceptance criteria and any potential clinical significance of the results, should be
included, and may be in tabular form. Consideration should be given to the anatomical, physiological, and
mofphoalogical conditions of the intended use in establishing the acceptance criteria. Justification and clinical

applicability of acceptance criteria for each test should be provided. A table of contents should be provided
and pages should be numbered sequentially.

Individual test reports should include the following information:
a) purpose: state the purpose of the test as it corresponds to ISO 25539-1;

b) materials: list all materials (e.g. test articles, equipment) used in performing the test, using figures and
diagrams as appropriate;
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c) sampling: state the sampling plan, including the basis for and the number of samples tested (selection of

test article should be justified, e.g. sizes, conditioning);

d) acceptance criteria: state the acceptance criteria for the test results;

e) test method: describe in detail the method used to perform the test, including any prospectively defined

inspection procedures and provide a justification for critical test parameters;

f)  protocol deviations: describe any deviations and their potential significance on the interpretation ©of
results;

g) expression of results: describe testing results expressed in units as indicated in the test method;

the

h) conclusion: state conclusions, based on comparing results to acceptance criteria, including any potential

clinical significance of these results.

D.5 Test methods

NOTE 1 The tolerances and accuracy levels dictated throughout the following methods are stated as nonjinal

acceptable levels. Depending upon design specification levels, equipment with)tighter tolerances or higher level
accuracy may be needed.

NOTE 2  As used within the context of this annex, “shall” indicates ‘requirements strictly to be followed in ordg
conform to the recommended test method.

D.5.1 Endovascular system
D.5.1.1 Dimensional verification and component dimension compatibility

D.5.1.1.1 Purpose

The purpose of this test is to determine the endovascular system dimensions including, but not limited to,
outer diameter, guidewire lumen diameter and useable length, for verification to design specifications, an
evaluate the dimensional compatibitity between the endovascular system and the recommended access
devices listed in the product instriictions for use (IFU). The relevant design evaluation sections of ISO 2553
include 7.2.1 Ability to access, 7.2.2 Ability to deploy and 7.2.3 Ability to withdraw.

D.5.1.1.2 Materials
D.5.1.1.2.1 Endovascular system
D.5.1.1.2,2. Accessory devices, necessary to accomplish deployment in accordance with the IFU.

D.5.1.1.2.3 Measuring equipment for diameters, (e.g. micrometer, optical profile projector, la
micrometer) capable of measuring to an accuracy of + 0,1 mm or appropriate profile hole gau
manufactured to a tolerance of £ 0,1 mm.

5 of

the
J to
ory
9-1

ber-
ges

D.5.1.1.2.4 Measuring equipment for length, capable of measuring to an accuracy of £ 1 mm.

D.5.1.1.2.5 Wire mandrels/pin gauges, (for the delivery system inner lumen), manufactured to a tolerance

of £ 0,03 mm.

D.5.1.1.3 Sampling

Sampling shall be in accordance with Clause D.2.

© 1SO 2005 - All rights reserved
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D.5.1.1.4 Conditioning

Conditioning shall be in accordance with Clause D.3.

D.5.1.1.5 Test method

Develop a test method based on the following:

a) | Insert an appropriate guidewire or appropriately sized mandrel into the endovascular system lumen to
verify the lumen dimension and guidewire compatibility;

b) | measure the maximum outer diameter of the endovascular system using the appropriate measuring
instrument or verify that the outer diameter fits through the appropriately sized profile hole gauge’— it is
only necessary to measure the region of the endovascular system intended to be passedsthrough the
specified introducer sheath;

c) | measure the length of the endovascular system using an appropriate measuring instrument — it is only
necessary to measure the region of the endovascular system intended to be“passed through the
introducer sheath;

d) | measure all other appropriate dimensions;

e) | verify compatibility with all types of recommended accessory componéents:

D.51.1.6 Expression of results
Length shall be expressed in centimetres (cm). Other dimensions shall be expressed in millimetres (mm).

Results regarding the compatibility of the recommended accessory devices and the verification of the lumen
and outer diameters, if applicable, shall be documented.

D.5.1.1.7 Test report

The test report shall be in accordance with Clause D.4. The test report shall include the maximum, minimum,
megn and standard deviation of all measured dimensions, the results of any verified dimensions, and the
resplts of the observations of the accessory:compatibility.

NOTE Additional guidance may be found in ASTM F2081-01[28],

D.5.1.2 Profile/diameter test

D.5.1.21 Purpose

The purpose of this test is to determine the maximum diameter along sections of the endovascular system in
order to evaluate~the dimensional compatibility between the endovascular system and the vasculature,
including theAesion to be treated. The relevant design evaluation section of ISO 25539-1 includes 7.2.1 Ability
to gccess.

D.5.1.2.2 Materials

D.5.1.2.2.1 Endovascular system

D.5.1.2.2.2 Measuring equipment for diameters, (e.g. micrometer, optical profile projector, laser-
micrometer), capable of measuring to an accuracy of + 0,1 mm.

D.5.1.2.2.3 Recommended guidewire, or equivalent, as appropriate.

4 © I1SO 2005 — All rights reserved
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D.5.1.2.3 Sampling

Sampling shall be in accordance with Clause D.2.

D.5.1.2.4 Conditioning

Conditioning shall be in accordance with Clause D.3.

D.5.1.2.5 Test method
Develop a test method based on the following:

a) if applicable, insert an appropriate guidewire into the endovascular system such that it-éxtends past
end of the endovascular system;

b) measure the maximum outer diameter of the endovascular system; consideration-should be given to

potential for asymmetry, it is necessary to measure the region that is intendedto pass through a ve
and/or vessel lesion, and the region that contains the implant.

D.5.1.2.6 Expression of results

Diameters measured shall be expressed in millimetres (mm).

D.5.1.2.7 Test report

The test report shall be in accordance with Clause D.4.and shall include the maximum, minimum, mean
standard deviation of the measured outer diameter of.the’endovascular system and the diameter of the reg
containing the implant for each size tested.

NOTE Additional guidance may be found in ASTM F2081-01128],
D.5.1.3 Assessment of haemostasis

D.5.1.3.1 Purpose

The purpose of this test is to evaluate the ability of any seal or valves in the system to maintain an adequ
haemostatic seal. The relevant design evaluation section of ISO 25539-1 includes 7.2.5 Haemostasis.

D.5.1.3.2 Materials
D.5.1.3.2.1 Endovascular system

D.5.1.3.2:2~ Accessory devices, necessary to accomplish deployment in accordance with the instructions
use (FU).

the

the
ssel

and
on

ate

for

D5.1.3.2.3 Model (or fixture), representative of “worst-case” conditions for leakage (e.g. introductjon,

tortuosity, withdrawal). This may require the use of an appropriate anatomical model as described in D.5

1.4

Slmulated use models.

D.5.1.3.2.4 Pressurized fluid fixture, capable of delivering water or appropriate fluid, at physiological

temperature (37 £ 2) °C and appropriate pressure (e.g. 100 mm Hg).

D.5.1.3.2.5 A means for collecting and measuring the total fluid leakage from the endovascular
system, to an accuracy of + 5 % of the total leakage.

D.5.1.3.2.6 Timer, with an accuracy of + 1 s.

© 1SO 2005 - All rights reserved
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D.5.1.3.3 Sampling

Sampling shall be in accordance with Clause D.2.

D.5.1.3.4 Conditioning

Conditioning shall be in accordance with Clause D.3.

D.5|.1.3.5 Test method

Deyelop a test method based on the following:

a) | connect the model to the fluid fixture;

b) | place the reservoir(s) where it (they) collect(s) the fluid leakage;

c) | insert the appropriate accessory devices (e.g. guidewire, introducer sheath) in the fixture' and start timing;

d) | using the IFU, follow the steps of deployment, including any modular compohénts; insert, deliver and
deploy the implant in the fixture or model;

e) | the pressurized fluid exposure shall be representative of anticipated clinical conditions, simulating blood
loss during introduction, deployment and withdrawal in the clinical setting;

f) | withdraw the delivery system and stop timing;

g) | measure and record the amount of fluid leakage and the elapsed time in which leakage occurred; leakage
between the model and the introducer sheath need not be\included.

D.51.3.6 Expression of results

Reg¢ord all critical observations. The leakage rate:shall be expressed in milliliters per minute (ml/min).

D.5.1.3.7 Test report

The test report shall be in accordance with Clause D.4 and include the maximum, minimum, mean and
standard deviation of the leakage rate. The test fluid shall be identified, and should include the density and/or
visgosity. Typical pressurized time in the clinical setting should be considered when interpreting results.
Report any critical observations.

D.51.4 Simulated use-models

D.5.1.4.1 Purpose

The purposg. of this test is to evaluate the performance of the endovascular system using a model(s) that
simulate(s)<the intended use conditions. This test addresses the requirements for qualitative evaluation of
simulated(use, flex/kink, pushability, torquability and trackability of the endovascular system. Conformability of
the|deployed prosthesis to the vessel wall shall also be evaluated. The relevant design evaluation sections of

ISC25539-1"include 7.2.1T Ability T0 access, 7.2.2 Ability to deploy, 7.2.3 Ability to withdraw, 7.3.T Ability 1o
accurately deploy and 7.3.2 Fixation effectiveness.

6 © I1SO 2005 — All rights reserved
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D.5.1.4.2 Materials
D.5.1.4.2.1 Endovascular system

D.5.1.4.2.2 Accessory devices, necessary to accomplish deployment in accordance with the instructions for
use (IFU).

D.5.1.4.2.3 Anatomical model, that includes a delivery pathway and a deployment location. The angulation
and tortuosity of the intended implant location and delivery pathway should be considered in the design\ef{the
model.

D.5.1.4.2.4 Pressurized fluid fixture, capable of delivering water or appropriate fluid, at) physiolodical
temperature (37 £ 2) °C, pulsatile pressures, and antegrade or retrograde flow, as appropriate:

D.5.1.4.3 Sampling

Sampling shall be in accordance with Clause D.2.

D.5.1.4.4 Conditioning

Conditioning shall be in accordance with Clause D.3.

D.5.1.4.5 Test method
Develop a test method based on the following:

a) connect the anatomical model to the fluid fixture ahd allow the test system to stabilize at temperature gnd
pressure;

b) insert the appropriate accessory devices.(e.g. guidewire, introducer sheath) in the fixture;

c) using the IFU, follow the steps of deployment, including any modular components; insert, deliver gnd
deploy the implant in the model and withdraw the delivery system;

d) evaluate the ease of advancing the delivery system into the model (pushability), the ability to trangmit
torque from the proximal end to the distal end of the catheter (torquability) and the ability of the deliyery
system to track over.a\guidewire during insertion around bends in the model (trackability);

e) note any anomalies, such as kinking or buckling of the system, the inability to fully and accurately deploy
the implant, (implant dislodgment while withdrawing the delivery system and any other approprjate
observations;

f)  visuatlyvinspect the deployed endovascular prosthesis in the anatomical model; note the conformancg to
the>model vessel wall, the placement accuracy, kinks, bends, twisting, component separation, pny
damage and any other critical observations;

g)' inspect the delivery system, note any damage and any other critical observations.

D.5.1.4.6 Expression of results

For each test, all critical observations and aspects of the ability to access, deploy, and withdraw the
endovascular system should be documented.

D.5.1.4.7 Testreport

The test report shall be in accordance with Clause D.4 and shall include all critical observations and aspects
of the ability to access, deploy and withdraw the endovascular system. The test fluid shall be identified and

© 1SO 2005 - All rights reserved 7
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should include the density and/or viscosity. The results for flex/kink, pushability, torquability and trackability of
the endovascular system should be individually documented as well as the conformity to the vessel wall of the
implant. The report shall include a description of the anatomical model used, including the geometry and
material of construction.

D.5.1.5 Visibility

D.515:

The purpose of this test is to evaluate the ability to visualize the endovascular system and/or endovascular
propthesis using the imaging techniques specified in the instructions for use (IFU). The relevant desigh
evdluation sections of ISO 25539-1 include 7.2.1 Ability to access, 7.2.2 Ability to deploy, 7.2.3 Ability to
withdraw and 7.3.1 Ability to accurately deploy.

D.5.1.5.2 Materials
D.51.5.2.1 Endovascular system

D.§51.5.2.2 Radiological phantom tissue model, or equivalent, with appropfiate accessories, such as
radlopaque markers and a ruler.

D.51.5.2.3 X-ray/fluoroscopy machine, capable of operating at clinicallytelevant power levels.

NOTE Visibility is significantly affected by variations in equipment and” parameter settings. When selecting the
equjpment used for this evaluation, consideration should be given to this yariability.

D.5.1.5.2.4 Accessory devices, necessary to accomplish deployment in accordance with the IFU.

D.5.1.5.3 Sampling

Sampling shall be in accordance with Clause D.2.

D.51.5.4 Conditioning

Conditioning shall be in accordance with'Clause D.3.

D.51.5.5 Test method

Deyelop a test method basedon the following:

a) | position the endovascular system and the phantom tissue model to simulate clinical conditions;

b) | use the X-ray/fluoroscope to visualize the endovascular system and any radiopaque markers;

c) | qualitatively examine the X-ray/fluoroscopic images for ease of visibility; e.g. the degree of visibility may

becassessed by locating the exact ends, orientation of critical points and/or parts of the endovascular
system, alternatively, the degree of visibility may be compared to a specified control device;

d) repeat a) to c) above for the prosthesis during deployment and after withdrawal of the delivery system.

D.5.1.5.6 Expression of results

This is a qualitative assessment. Record the degree of visibility for all applicable components at the various
stages of testing and any comparison to a specified control.

8 © I1SO 2005 — All rights reserved
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D.5.1.5.7 Test report

The test report shall be in accordance with Clause D.4 and shall include the assessment of visibility and visual
results (e.g. representative fluoroscopic images). The test report shall also include a model of the imaging

equipment, the parameter settings and details of the phantom tissue model.

D.5.1.6 Force to deploy

D.5.1.6.1 Purpose

The purpose of this test is to determine the force to deploy the endovascular prostheses. All applicable st
of the deployment process are evaluated. The relevant design evaluation section of ISO 25539-1 inclu
7.2.2 Ability to deploy.

D.5.1.6.2 Materials

D.5.1.6.2.1 Endovascular system

EpS
Hes

D.5.1.6.2.2 Accessory devices, necessary to accomplish deployment in @ccordance with the instructiond for

use (IFU).

D.5.1.6.2.3 Anatomical model, that includes a delivery pathway-and a deployment location. The angulation

and tortuosity of the intended implant location and delivery pathway should be considered in the design of
model.

the

D.5.1.6.2.4 Force measuring mechanism, (e.g. force gauge, universal mechanical testing system), capdble

of measuring force to an accuracy of + 5 % of the reported value.
D.5.1.6.2.5 Gripping fixture
D.5.1.6.2.6 Temperature controlled environment, (37 + 2) °C.

D.5.1.6.3 Sampling

Sampling shall be in accordance with Clause D.2. Devices to be tested should represent worst-cpse

deployment force conditions (e.g. greatest bulk within the sheath or cover, highest compression ratio).
effect of device diameterand length should be taken into consideration in the selection of devices for testin

D.5.1.6.4 Conditioning
Conditioning.shall be in accordance with Clause D.3.
D.5.1.6:5- Test Method

Develop a test method based on the following:

a) prepare the endovascular system in accordance with the IFL:

he

b) insert the endovascular system into the anatomical model;
c) secure the endovascular system such that it remains stationary during testing;
d) attach the deployment mechanism to the load measuring equipment;

e) allow the device to stabilize at physiological temperatures;

© 1SO 2005 - All rights reserved
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f) initiate and complete the deployment in accordance with the IFU at a rate that simulates clinical use while
measuring the force to deploy the implant;

g) record any anomalous observations (e.g. buckling) for each test sample.

D.5.1.6.6 Expression of results

The—-maxdmum force-of each stan reauirad-to-denlovthe imnlant is racorded-in-newtons (N _Also record-an\
AR —each-Step+equUH-ea—+to—aeptoy—He—HRpraiitis Fa8a—H-RB8WAO RSP —FAt ¥ Fe—ahy

andmalous observations (e.g. buckling) for each test sample.

D.5.1.6.7 Test report

Tegt report shall be in accordance with Clause D.4 and shall include the maximum, minimum, niean and
standard deviation of the deployment forces and any anomalous observations.

D.§.2 Delivery system
D.52.1 Balloon inflation and deflation time (balloon expandable or balloon assisted)

D.5.2.1.1 Purpose

The purpose of this test is to determine the time required to inflate the balleon to the maximum recommended
inflation pressure, volume or diameter and to measure the time required to deflate the balloon. This test
proyides information that may be clinically useful for treatment planning (e.g. potential occlusion time). The
relgvant design evaluation section of ISO 25539-1 includes 7.2.2 Ability to deploy.

NOTE This test may also be of importance in evaluating the abijlity to withdraw.
D.52.1.2 Materials

D.5.2.1.2.1 Delivery system, or appropriate balloon sub-assembly.

D.5.2.1.2.2 Recommended guidewire, or equivalent.

D.5.2.1.2.3 Temperature controlled water bath, (37 + 2) °C.

D.52.1.2.4 Contrast medium;in accordance with the instructions for use (IFU).

D.5.2.1.2.5 Inflation device, syringe or equivalent, fitted with a means of measuring pressure or volume to
an accuracy of + 5 % of the reported value, and of maintaining the inflation pressure or volume.

D.5.2.1.2.6 Rigid-tube, of a diameter that represents the largest recommended prosthesis or vessel
diameter for the/compliant balloon under test. No tube is necessary for non-compliant balloon testing.

D.5.2.1.2.7- Timer, with an accuracy of + 0,2 s.

D.5.2.1.3 Sampling

Sampling shall be in accordance with Clause D.2.

D.5.2.1.4 Conditioning

Conditioning shall be in accordance with Clause D.3.
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D.5.2.1.5 Test method
Develop a test method based on the following:
a) insert the appropriate guidewire in the device;

b) submerge the device in the water bath and insert into the rigid tube, if appropriate;

c) allow it to reach the equilibrium test temperature;
d) inflate the balloon in accordance with the IFU, simulating clinical use;

e) time the balloon inflation period to the maximum inflation pressure, volume or diameter as(indicated in
IFU;

f)  deflate the balloon in accordance with the IFU and time the balloon deflation period:
D.5.2.1.6 Expression of results

The inflation and deflation times should be expressed in seconds.

D.5.2.1.7 Test report
The test report shall be in accordance with Clause D.4 and-include the maximum, minimum, mean

standard deviation of the balloon inflation and deflation times. The definition of the inflation and defla
endpoints shall also be reported.

D.5.2.2 Balloon rated burst pressure (RBP) forrnhon-compliant balloons (balloon expandable or
balloon assisted)

D.5.2.21 Purpose

The purpose of this test is to determine the rated burst pressure (RBP) of the balloon. This is accomplis
using burst pressures as measured, by the test method and calculating an appropriate safety margin using
mean and standard deviation. The jrelevant design evaluation section of ISO 25539-1 includes 7.2.2 Abilit
deploy.

NOTE This test may also,be of importance in evaluating the ability to withdraw.
D.5.2.2.2 Materials

D.5.2.2.2.1 Delivery system, or appropriate balloon sub-assembly.
D.5.2.2:2.2 Temperature controlled water bath, (37 + 2) °C.

D:5.2.2.2.3 Fluid for inflation, (e.g. room temperature water).

the

and
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the
y to

D.5.2.2.2.5 Inflation device, syringe or equivalent, fitted with a means of measuring pressure to
accuracy of + 5 % of the reported value, and capable of maintaining the inflation pressure.

D.5.2.2.2.6 Timer, with an accuracy of + 1 s.
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D.5.2.2.3 Sampling

Sampling shall be in accordance with Clause D.2.

D.5.2.2.4 Conditioning

Conditioning shall be in accordance with Clause D.3.

D.5

De

.2.2.5 Test method

elop a test method based on the following:
submerge the device in the water bath;

allow it to reach the equilibrium test temperature;

inflate the balloon to a value less than the estimated rated burst pressure; hold jthe"inflation pressure
constant for 30 s and inspect for balloon leakage or bursting;

if no leakage is noted, increase the pressure by an increment appropriate toithe balloon being tested and
hold the pressure for 30 s;

repeat step d) until the balloon leaks or bursts [any persistent leak, or decrease in pressure, whether due
to failure of the balloon, shaft or proximal or distal seals, should be~considered a failure (“bursting”) in this
test]; record the burst pressure and describe the location afnd failure mode (e.g. seal leaks, balloon
rupture, fragmentation).

D.52.2.6 Expression of results

The
the

burst pressures should be expressed in kilopascals. (kPa). Calculate the mean and standard deviation of
burst pressure. Appropriate confidence and reliability parameters should be used for determining RBP.

D.5.2.2.7 Test report

The
cal
mo

D.5

D.5
The
saf
tod

NO

test report shall be in accordance with Clause D.4 and shall include the mean burst pressure (MBP), the
ulated RBP, the maximum, minimum and standard deviation of the burst data and any observed failure
Jes.

.2.3 Balloon volume t6 burst for compliant balloons (balloon expandable or balloon assisted)

.2.3.1 Purpose

purpose of this\test is to determine the volume required to burst a compliant balloon and to calculate the
pty factor ofiinflation volume. The relevant design evaluation section of ISO 25539-1 includes 7.2.2 Ability

eploy.

[E This test may also be of importance in evaluating the ability to withdraw.

D.5.2.3.2 Materials

D.5.2.3.2.1 Delivery system, or appropriate balloon sub-assembly.

D.5.2.3.2.2 Temperature controlled water bath, (37 + 2) °C.

D.5.2.3.2.3 Fluid for inflation, (e.g. room temperature water).

12
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D.5.2.3.2.4 Leak detection mechanism, (e.g. dye in the test fluid, pressure drop monitor, flow rate monitor).

D.5.2.3.2.5 Inflation device, syringe or equivalent, fitted with a means of measuring volume to
accuracy of + 5 % of the reported value, and capable of maintaining the inflation volume.

an

D.5.2.3.2.6 Rigid tube, with a diameter that represents the recommended prosthesis or vessel diameter for

the balloon under test.

D.5.2.3.2.7 Timer, with an accuracy of + 1 s.

D.5.2.3.3 Sampling

Sampling shall be in accordance with Clause D.2.

D.5.2.3.4 Conditioning

Conditioning shall be in accordance with Clause D.3.

D.5.2.3.5 Test method

Develop a test method based on the following:

a) submerge the device in the water bath and insert into rigid ttube;
b) allow it to reach the equilibrium test temperature;

c) using an inflation rate simulating clinical use, inflate the balloon to the diameter of the tube and hold
diameter for 30 s; record the volume, V;

d) if no leakage is noted, increase the voluime by an increment appropriate to the balloon being tested
hold for 30 s;

e) repeat step d) until the balloon feaks or bursts [any persistent leak or decrease in pressure or volu
whether due to failure of the-balloon, shaft, or proximal or distal seals, should be considered a fai
(“bursting”) in this test]; record the volume at burst, 75, and the failure mode (e.g. seal leaks, ball
rupture, fragmentation);

f) calculate the safety factor as follows: Q

£
D.5.2.3.6 Expression of results

Volume shall be expressed in millilitres (ml). The safety factor is expressed as a dimensionless ratio.

D.5:2.3.7 Test report

The test report shall be in accordance with Clause D.4 and shall include the maximum, minimum, mean

the
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observed failure mode(s) shall also be included.
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D.5.2.4 Balloon rated fatigue (balloon expandable or balloon assisted)

D.5.2.4.1 Purpose

The purpose of this test is to determine the ability of the balloon to withstand repeated inflation cycles. The
relevant design evaluation section of ISO 25539-1 includes 7.2.2 Ability to deploy.

NO
D.5.2.4.2 Materials

D.5.2.4.2.1 Delivery system, or appropriate balloon sub-assembly.

D.52.4.2.2 Temperature controlled water bath, (37 + 2) °C.

D.5.2.4.2.3 Fluid for inflation, (e.g. room temperature water).

D.52.4.2.4 Leak detection mechanism, (e.g. dye in the test fluid, pressure drop monitor, flow rate monitor).

D.5.2.4.2.5 Inflation device, syringe or equivalent, fitted with a means of measuring pressure or volume
with an accuracy of + 5 % of the reported value, and capable of maintaining. the inflation pressure or volume.

D.5.2.4.2.6 Rigid tube, with a diameter which represents the largest' recommended prosthesis or vessel
diameter for the compliant balloon under test. No tube is necessary.f6r non-compliant balloon testing.

D.52.4.2.7 Timer, with an accuracy of + 1 s.

D.52.4.3 Sampling

Sampling shall be in accordance with Clause D.2.

D.52.4.4 Conditioning

Conditioning shall be in accordance with-Clause D.3.

D.5.2.4.5 Test method

Deyelop a test method based-on the following:

a) | submerge the deviee’in the water bath and insert into rigid tube, if appropriate;
b) | allow it to reaeh’the equilibrium test temperature;

c¢) | inflate_the” balloon, using clinically relevant rates, to the maximum pressure, volume or diameter as
indicated in the instructions for use (IFU), for a minimum of 30 s or for the length of time stated in the IFU;

NOTIE If the length of fime stated in the IFLJ is longer than 30 s_the specified length of time should be used for this

test, unless adequate justification is provided for using the shorter duration.
d) deflate balloon using clinically relevant rates;

e) repeat steps c) and d) for the number of cycles required to establish an appropriate safety factor (e.g. at
least 2 times the maximum number of cycles expected in clinical use);
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f) if any persistent leak or decrease of pressure or volume occurs during testing, record the number of
cycles and the mode of failure; any such leak or decrease in pressure due to failure of the balloon, shaft,
or proximal or distal seals, should be considered a failure in this test.

D.5.2.4.6 Expression of results

The maximum inflation diameter, pressure, or volume used shall be expressed with diameter in millimetres

(mm) pressure in kilonascals (kP2a) or millimetres of mercury (mm - Ha) or volume in millilitres (ml\
\ VALl Ll \ 7 J \ 77 \ 7

D.5.2.4.7 Test report

The test report shall be in accordance with Clause E.4 and shall include the number of cycles successiully
completed, the maximum number of cycles expected clinically, the achieved safety factory-any obseryed
failure modes and the maximum inflation diameter, pressure or volume.

D.5.2.5 Bond strength

D.5.2.5.1 Purpose

The purpose of this test is to determine the bond strength of the joints and/or fixed connections of the deliyery
system. The relevant design evaluation sections of ISO 25539-1 include 7.2.1 Ability to access, 7.2.2 Abilitly to
deploy and 7.2.3 Ability to withdraw.

D.5.2.5.2 Materials
D.5.2.5.2.1 Delivery system, or appropriate componeht joints and/or fixed connections.

D.5.2.5.2.2 Universal mechanical testing system, equipped with a suitable load cell capable of measufing
force to an accuracy of +£5 % of the reported(value, a constant rate of traverse and appropriate gripping
fixtures.

D.5.2.5.2.3 Temperature controlled environment, (37 + 2) °C, as appropriate.
D.5.2.5.3 Sampling

Sampling shall be in accordance with Clause D.2.

D.5.2.5.4 Conditioning

Conditioning shalhbe in accordance with Clause D.3.

D.5.2.5.5") "Test method
Devélop a test method based on the following:

NOTE For bonds that will be subjected to physiological temperatures, testing should be performed at 37 °C + 2 °Q.

a) using a mechanical testing system with an appropriate crosshead speed (e.g. 200 mm/min), apply tension
to the bonded joint until the bond breaks or loses functional integrity;

b) record the peak force at which failure occurs and describe the type and location of the failure.

D.5.2.5.6 Expression of results

Bond strength shall be expressed in newtons (N).
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D.5.2.5.7 Test report

The test report shall be in accordance with Clause D.4 and shall include the type and location of the failure,
and the maximum, minimum, mean and standard deviation of the bond strength.

NOTE Additional guidance may be found in 1ISO 10555-1[9,

th

D.

D.5.2.6.1 Purpose

The purpose of this test is to determine the torque required to cause failure of bonded joints of the delivery
system components. The relevant design evaluation sections of ISO 25539-1 include 7.2.1 Ability to access,
7.2{2 Ability to deploy and 7.2.3 Ability to withdraw.

D.5.2.6.2 Materials
D.52.6.2.1 Delivery system, or appropriate component joints and/or fixed connectians.
D.52.6.2.2 Recommended guidewire, or equivalent, if appropriate.

D.5.2.6.2.3 Torque testing system, equipped with a suitable gauge capable of measuring with an accuracy
of 4 5 % of the reported value.

D.52.6.2.4 Temperature controlled environment, (37 + 2) °C;as appropriate.

D.52.6.3 Sampling

Sampling shall be in accordance with Clause D.2.

D.52.6.4 Conditioning

Conditioning shall be in accordance with Clause D.3.

D.5.2.6.5 Test method

Deyelop a test method based on\the following:

NOTE For bonds that will'\be subjected to physiological temperatures, testing should be performed at 37 °C + 2 °C.
a) | insert the delivefy system or component over the guidewire, if appropriate;

b) | affix one end of the test sample in a clamping apparatus;

c) | attachithe other end of the test sample to the torque gauge;

d) | apply a twisting force, at a rate characteristic of that used in a typical clinical deployment, to one end of

the sample until the joint and/or delivery system breaks or loses functional integrity;

e) record the torque value at which failure occurs and the failure mode and location.

D.5.2.6.6 Expression of results

Torsional bond strength shall be expressed in newton metres (Nm).
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D.5.2.6.7 Test report

The test report shall be in accordance with Clause D.4 and shall include the mode and location of the failure,
and the maximum, minimum, mean and standard deviation of the torsional bond strength.

D.5.2.7 Tubing longitudinal tensile strength

The purpose of this test is to determine the longitudinal strength of tubing used in the delivery system. The
relevant design evaluation section of ISO 25539-1 includes 7.2.2 Ability to deploy and 7.2.3 Ability to/withdfaw.

D.5.2.7.2 Materials
D.5.2.7.2.1 Delivery system tensile samples

D.5.2.7.2.2 Universal mechanical testing system, equipped with a suitable load cell capable of measufing
force to an accuracy of +5 % of the reported value, a constant rate of traverse, and appropriate gripping
fixtures.

D.5.2.7.2.3 Temperature controlled environment, (37 + 2) °C, as(appropriate.

D.5.2.7.3 Sampling

Sampling shall be in accordance with Clause D.2.

D.5.2.7.4 Conditioning

Conditioning shall be in accordance with Clause D.3.

D.5.2.7.5 Test method

Develop a test method based on the_ following:

a) using the mechanical testing system with an appropriate crosshead speed and gauge length (typically a
strain rate of 5 mm/min/mm to 20 mm/min/mm), apply a tensile strain until the test sample breaks, passes
the yield (0,2 % offset) point, elongates excessively or reaches some other pre-determined failure
condition;

b) record the valuée of the applied tensile force at which failure is reached.

NOTE 1 Figure 1 represents a 0,2 % strain offset on a stress/strain curve.

NOTE2Y ~ Methods to determine the 0,2 % strain offset are described in ASTM D638-03[25],

D5.2.7.6 Expression of results

I'ne tubing longitudinal tenslle strength shall be expressed In newtons (N).

NOTE For the purposes of this test, longitudinal tensile strength is expressed in units of force rather than in units of
stress.

D.5.2.7.7 Test report

The test report shall be in accordance with Clause D.4 and shall include the definition of failure and the
maximum, minimum, mean and standard deviation of tubing longitudinal tensile strengths.

© 1SO 2005 - All rights reserved 17


https://standardsiso.com/api/?name=43b0ee6c64457e08e80c67068d73023b

ISO 25539-1:2003/Amd.1:2005(E)

Y i

>V

Key
X | stress (%)
Y | strain

Figure D.1 — Representation of 0,2 % strain offset on astress/strain curve

D.8.3 Implant (endovascular prosthesis)
D.5.3.1 Dimensional verification

D.5.3.1.1 Purpose

The purpose of this test is to determine the outer diameter(s), length(s) and, if appropriate, wall thickness(es)
of the endovascular prosthesis in the deployed state for verification to design specifications. The relevant
dedign evaluation section of ISO 25539-1includes 7.3.6 Sizing.

NOTE 1 Other measurements may\be needed to completely verify the dimensions of a particular implant.

NOTE 2  This test is not designed to evaluate the entire system; however, the system is required to deploy the
prosthesis that is under test.

D.5.3.1.2 Materials

D.5.3.1.2.1 Endovascular system

D.53.1:2.2- Measuring equipment for diameters, (e.g. micrometer, optical profile projector, laser-
migremeter, calibrated calipers) capable of measuring to an accuracy of + 0,1 mm.

D.5.3.1.2.3 Measuring equipment for wall thickness(es), (e.g. microscope with calibrated eyepiece,
constant load thickness gauge, optical profile projector, laser-micrometer) capable of measuring to an
accuracy of + 5 % of the reported value.

D.5.3.1.2.4 Measuring equipment for lengths, capable of measuring to an accuracy of = 1 mm.
D.5.3.1.2.5 Temperature controlled environment, (37 + 2) °C for prostheses with dimensions that are

sensitive to changes between ambient and physiological temperatures.
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D.5.3.1.3 Sampling
Sampling shall be in accordance with Clause D.2.
D.5.3.1.4 Conditioning

Conditioning shall be in accordance with Clause D.3 and shall include loading, preconditioning and

deblovment
GRS A-

D.5.3.1.5 Test method
Develop a test method based on the following:

a) outer diameter(s) shall be measured at multiple locations after deployment in aceordance with |[the
instructions for use (IFU);

b) for length(s) and wall thickness(es), the test method shall be performed in accordance with
ISO 7198:1998, sections 8.4 and 8.7, respectively.

NOTE For non-circular cross-sections, it may be appropriate to measure and report the maximum and minimum
values.

D.5.3.1.6 Expression of results

Diameters and wall thickness(es) shall be expressed in millimetres (mm). Length(s) shall be expressed in
millimetres (mm) or centimetres (cm).

D.5.3.1.7 Test report

The test report shall be in accordance with Clause D.4 and shall include the maximum, minimum, mean gnd
standard deviation of all measured and calculated dimensions.

NOTE Additional guidance may be found‘in ASTM F2081-01[28],
D.5.3.2 Implant diameter to balloon inflation pressure (balloon-expandable devices)

D.5.3.2.1 Purpose

The purpose of this(test is to determine the relationship between the prosthesis diameter and the ballpon
inflation pressure/for. balloon-expandable devices. This test provides data that may be clinically useful| for
device sizing andytreatment planning. The relevant design evaluation section of 1ISO 25539-1 includes 7{3.6
Sizing.

D.5.3.2:2° Materials

D:5:3.2.2.1 Endovascular prosthesis

D.5.3.2.2.2 Balloon, for expansion of the prosthesis

D.5.3.2.2.3 Inflation device, syringe, or equivalent, fitted with a means of measuring pressure to an
accuracy of + 5 % of the reported value, and capable of maintaining the inflation pressure.

D.5.3.2.2.4 Fluid for inflation, (e.g. room temperature water).

D.5.3.2.2.5 Measuring equipment for diameters, (e.g. micrometer, optical profile projector, laser-
micrometer) capable of measuring to an accuracy of = 0,1 mm.
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D.5.3.2.2.6 Temperature controlled environment, (37 + 2) °C, as appropriate.

D.5.3.2.3 Sampling

Sampling shall be in accordance with Clause D.2.

D.5.3.2.4 Conditioning

Codeitioning shall be in accordance with Clause D.3 and shall include loading and preconditioning.

D.53.2.5 Test method

Deyelop a test method based on the following:

a) | initiate deployment of the prosthesis to enable device expansion;

b) | position the balloon within the prosthesis;

c¢) | inflate the balloon incrementally, allowing the system to stabilize between intervals; pressures should be
chosen to determine the prosthesis diameter at appropriate intervals (e.g.~atmosphere of pressure or
1 bar) over the indicated range of diameters;

d) | determine the average outer diameter of the prosthesis at each pressure interval at appropriate locations
along the length of the prosthesis; these measurements should be taken immediately after stabilization

(take into consideration that orthogonal projections at the samellocation may produce different results);

e) | inflation should be terminated when the prosthesis diameter reaches the labelled maximum outer
diameter.

NOTE The entire test should be completed rapidly to,minimize the effects of viscoelastic behaviour and to better
simplate the inflation method used clinically.

D.53.2.6 Expression of results

The prosthesis diameters should be expressed in units of millimetres (mm) and the associated pressures in
kilopascals (kPa) and/or atmospheres-of\pressure (atm).

D.5.3.2.7 Test report

The test report shall be in-aceordance with Clause D.4 and shall include the maximum, minimum, mean and
standard deviation of the ‘endovascular prosthesis diameter measurements and associated pressures. These
datg may be reported-in.tabular or graphical format.

D.5.3.3 Implantlength to diameter relationship

D.5.3.3.1_<Purpose
The ‘purpose of this test is to determine the relationship between endovascular prosthesis length and

endovascular prosthesis diameter following deployment in order to assess potential for foreshortening. The
relevant design evaluation sections of ISO 25539-1 include 7.3.1 Ability to accurately deploy and 7.3.6 Sizing.

NOTE This test is not designed to evaluate the entire system; however, the system is required to deploy the
prosthesis that is under test.
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D.5.3.3.2 Materials
D.5.3.3.2.1 Endovascular system

D.5.3.3.2.2 Measuring equipment, for length, capable of measuring to an accuracy of + 1 mm.

D.5.3.3.2.3 Clear rigid tube, with inner diameters corresponding to the minimum and maximum vessel

diameters indicated in the instructions for use (IFU) for each prosthesis size under test.
D.5.3.3.2.4 Accessory devices, necessary to accomplish deployment in accordance with the IFU(

D.5.3.3.2.5 Temperature controlled environment, (37 +2) °C for prostheses with dimensions that
sensitive to changes between ambient and physiological temperatures.

D.5.3.3.3 Sampling

Sampling shall be in accordance with Clause D.2.

D.5.3.3.4 Conditioning

Conditioning shall be in accordance with Clause D.3.

D.5.3.3.5 Test method
Develop a test method based on the following:

NOTE 1 For a balloon expandable stent with significant recoil, there may be difficulty in obtaining approp
apposition of the prosthesis to the wall of the tube. Alternative methodology may need to be developed to approprig
evaluate this attribute for such devices.

a) deploy the prosthesis in accordance.Wwith the IFU into the rigid tube that represents the minimum ta
diameter;

b) measure the prosthesis length'within the tube;
c) repeat steps a) and b) at the maximum target diameter.
NOTE 2  Devices may be)re-used, if appropriate and justified.

NOTE 3  The implant-length-to-diameter relationship may be affected by angulation. Additional testing or analy
should be considéréd in order to evaluate the effect of angulation on this parameter, as appropriate.

D.5.3.3.6") “Expression of results

Prosthesis length shall be reported in centimetres (cm) or millimetres (mm) and diameter shall be reporte
millimetres (mm).
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D5337 Testreports

The test report shall be in accordance with Clause D.4 and include the maximum, minimum, mean and

the

standard deviation of the device length at each corresponding diameter. These data should be reported in a

tabular format.
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D.5.3.4 Recoil (balloon-expandable devices)

D.5.3.4.1 Purpose

The purpose of this test is to determine the amount of elastic recoil after the deployment of a balloon-
expandable prosthesis. The relevant design evaluation section of ISO 25539-1 includes 7.3.6 Sizing.

NOTE This test is not anignnd to_evaluate the entire defnm; hn\Aln\/nr’ the. defnm IS I"ﬂqllil"ﬂd io anlny the.

prosthesis that is under test.
D.53.4.2 Materials

D.5.3.4.2.1 Endovascular system

D.5.3.4.2.2 Accessory devices, necessary to allow for appropriate expansion of the prosthesis:

D.5.3.4.2.3 Inflation device, syringe or equivalent, fitted with a means of measuring pressure to an
acduracy of + 5 % of the reported value, and capable of maintaining the inflation pressure.

D.5.3.4.2.4 Fluid for inflation, (e.g. room temperature water).

D.53.4.2.5 Measuring equipment for diameters, (e.g. micrometer;)optical profile projector, laser-
migrometer) capable of measuring to an accuracy of + 0,1 mm.

D.5.3.4.2.6 Temperature controlled environment, (37 + 2) °G\for prostheses with material properties that
are|sensitive to changes between ambient and physiological temperatures.

D.5.3.4.2.7 Timer, with an accuracy of + 1 s.

D.5.3.4.3 Sampling

Sampling shall be in accordance with Clause. D)2.

D.53.4.4 Conditioning

Conditioning shall be in accordance,with Clause D.3 and shall include loading and preconditioning.
D.§53.4.5 Test method

Deyelop a test method\based on the following:

a) | initiate depleyment of the prosthesis to enable device expansion;

b) | inflate_the’ balloon to expand the prosthesis using the recommended inflation pressure and hold the
pressure to allow the balloon and prosthesis to stabilize (approximately 30 s);

c) Ldetermine the average outer diameter of the prosthesis at appropriate locations along the length;

NOTE Measurements at various rotational positions at the same longitudinal location may yield different results and
should be considered when determining the average outer diameter.

d) deflate and remove the balloon catheter;
e) allow the prosthesis to stabilize (approximately 30 s);

f) repeat step c) at the same locations;
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g) calculate the average percent recoil at each longitudinal location and/or for the entire length of
prosthesis, as appropriate; calculate the prosthesis recoil as follows:

(diameteriyaieq - diametergy, )
diameter;ynaeq x 100

% Recoil =

D.5.3.4.6 Expression of results

the

The prosthesis recoil shall be expressed in percent (%).

D.5.3.4.7 Test report

The test report shall be in accordance with Clause D.4 and shall include the maximum, minimum, mean
standard deviation of the recoil measurements at each longitudinal location and/or for the ‘entire length of
prosthesis, as appropriate.

NOTE Additional guidance may be found in ASTM F2079-02[27],
D.5.3.5 Integral water permeability/leakage

D.5.3.5.1 Purpose

and
the

The purpose of the test is to determine the rate of water leakage through the entire endovascular prosthgsis,

incorporating all modular components and extension devices (e.g. cuffs, iliac extenders), if applicable, an

j of

the independent modular components. The complete prosthesis test provides information to characterize tptal

leakage. The independent test is intended to provide léakage information exclusive of the modular juncti

pons

and may be helpful in identifying areas of greater leakage (e.g. suture holes). The relevant design evaluation

section of ISO 25539-1 includes 7.3.4 Permeability.

D.5.3.5.2 Materials

D.5.3.5.2.1 Endovascular prosthesis

D.5.3.5.2.2 Materials listed in:ISO 7198:1998, 8.2.3.2, as appropriate.

D.5.3.5.2.3 Means for collecting and measuring the total fluid leakage through the endovascular
prosthesis.

D.5.3.5.3 Sampling
Sampling shall’be in accordance with Clause D.2.

D.5.3.5:4~ Conditioning

Conditioning shall be in accordance with Clause D.3.

Testing shall be performed on the prosthesis in the deployed state, incorporating all modular components,

and

extension devices and on each independent modular component in accordance with the method outlined in

ISO 7198:1998, 8.2.3 Determination of integral water permeability/leakage.

© 1SO 2005 - All rights reserved

23


https://standardsiso.com/api/?name=43b0ee6c64457e08e80c67068d73023b

ISO 25539-1:2003/Amd.1:2005(E)

D.5.3.5.6 Expression of results

The surface area of the prosthesis or area under test shall be calculated, and the integral water permeability
shall be expressed in millilitres per centimetre squared per minute (ml/cm?2/min).

D.5.3.5.7 Test report

Th\ I'nei‘ ranr\H‘ ehall hn |n ar\r\r\rﬂanr\n \Alll‘h pIQIIQD n /1 onrl eholl |nn|||Ho i‘ha mavwnllm mlnlmllm mean QnH
stapdard deV|at|on of the integral water permeability/leakage of the test samples. Areas of S|gn|f|cant leakage
shdll be identified and reported.

D.53.6 Water entry pressure

D.5.3.6.1 Purpose

The purpose of this test is to determine the water entry pressure of the endovascular prostheses constructed
of non-textile materials. The relevant design evaluation section of ISO 25539-1 includes 7.3,4 Permeability.

D.53.6.2 Materials
D.5.3.6.2.1 Endovascular prosthesis
D.5.3.6.2.2 Materials listed in ISO 7198:1998, 8.2.4.2, as appropriate:

D.5.3.6.3 Sampling

Sampling shall be in accordance with Clause D.2.

D.53.6.4 Conditioning

Conditioning shall be in accordance with Clause D.3.

D.5.3.6.5 Test method

Tegting shall be performed in accordance with the method outlined in ISO 7198:1998, 8.2.4 Determination of
water entry pressure.

D.53.6.6 Expression of results
The water entry pressufe’shall be expressed in kilopascals (kPa).

D.5.3.6.7 Testreport

The test report shall be in accordance with Clause D.4 and shall include the maximum, minimum, mean and
standardideviation of the water entry pressures.

D.5. 3.7 Water permeability

D.5.3.7.1 Purpose

The purpose of this test is to determine the rate of fluid flow through the wall of the endovascular prosthesis.
The relevant design evaluation section of ISO 25539-1 includes 7.3.4 Permeability.
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D.5.3.7.2 Materials
D.5.3.7.2.1 Endovascular prosthesis
D.5.3.7.2.2 Materials listed in ISO 7198:1998, 8.2.2.2, as appropriate.

D.5.3.7.3 Sampling

Sampling shall be in accordance with Clause D.2.

D.5.3.7.4 Conditioning

Conditioning shall be in accordance with Clause D.3.

D.5.3.7.5 Test method

Testing shall be performed in accordance with the method outlined in ISO 7198:1998, 8.2.2 Determinatio
water permeability.

D.5.3.7.6 Expression of results

The surface area of the prosthesis or area under test shall be calctlated, and the water permeability shal
expressed in millilitres per square centimetre per minute (ml/(cm2/min).

D.5.3.7.7 Test report

The test report shall be in accordance with ClauseiD4 and shall include the maximum, minimum, mean
standard deviation of the water permeability measurements for the test samples.

D.5.3.8 Burst/circumferential strength

D.5.3.8.1 Purpose

The purpose of this test is todetermine the pressurized burst strength or circumferential strength of
appropriate components of the_.implant (e.g. graft material). It may also be appropriate to determine the b
strength of the finished product in cases where processing may reduce the strength. The relevant des
evaluation section of IS©,25539-1 includes 7.3.3 Implant integrity.

D.5.3.8.2 Materials
D.5.3.8.2.1~Endovascular prosthesis
D.5.3:8.2.2 Materials listed in ISO 7198:1998, 8.3.3.3.2 or 8.3.1.2, as appropriate.

D5.3.8.3 Sampling

N of

be

and

the
irst

ign

odMmpliing snall be In accoraance witn Llause D.Z.

D.5.3.8.4 Conditioning

Conditioning shall be in accordance with Clause D.3 and shall include loading, preconditioning and

deployment.
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D.5.3.8.5 Test method

Testing shall be performed in accordance with the method outlined in ISO 7198:1998, 8.3.3.3 Determination of
pressurized burst strength or 8.3.1 Determination of circumferential tensile strength.

D.5.3.8.6 Expression of results

The—-burst el‘rangi‘h r\‘F each eampln 1S nvnrnccnd ITa) bllnpccr\cle /I/Do\ The r\lrr\llm'ﬁ:\rnnhcl el‘rangfh shall-be

exdressed as kilonewtons per millimetre (kN/mm)

D.5.3.8.7 Test report

The test report shall be in accordance with Clause D.4 and shall include the maximum, minimum, pjean and
standard deviation of the burst strength or circumferential strength.

D.5.3.9 Crush resistance

D.5.3.9.1 Purpose

The purpose of the test is to determine the force, as measured perpendicular to,the longitudinal axis, required
to germanently deform or fully collapse the endovascular prosthesis. The relevant design evaluation section of
ISQ 25539-1 includes 7.3.7 Patency.

NOTE Although similar, crush resistance, local compression and radial farce tests measure different attributes of the
endpvascular prosthesis, as follows:

— | the crush resistance test measures the ability of the prosthesisdo resist permanent deformation along the entire
length of the device;

— | the local compression test measures the ability of the prosthesis to resist permanent deformation under a localized
(e.g. point) load;

— | the radial force test measures the force exerted by the prosthesis on the vessel in the deployed state.
D.53.9.2 Materials
D.5.3.9.2.1 Endovascular prosthesis

D.5.3.9.2.2 Universal mechanical testing system, equipped with a suitable load cell capable of measuring
forge to an accuracy of + 5% 0f the reported value and a constant rate of traverse;

D.53.9.2.3 Test fixture, capable of exerting a normal downward force (e.g. flat lower and upper plates) with
apgropriate length,\width and separation between the fixtures to accommodate the test article;

D.5.3.9.2.4 Temperature controlled environment, (37 + 2) °C for prostheses with material properties that
are|sensitive to changes between ambient and physiological temperatures.

D.5.393 Qamlnling

Sampling shall be in accordance with Clause D.2.

D.5.3.9.4 Conditioning

Conditioning shall be in accordance with Clause D.3 and shall include loading, preconditioning and
deployment.
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D.5.3.9.5 Test method
Develop a test method based on the following:
a) place the endovascular prosthesis between the test fixtures;

b) measure the length of the segment to be tested;

c) compress the endovascular prosthesis continuously or incrementally using a uniform rate of compresg
(e.g. 200 mm/min) until plastic deformation or full collapse occurs;

d) record the force and associated deflection at which plastic (permanent) deformation or™full colla
occurs.
NOTE The method for determining the force and deflection at which plastic deformation beginsiis not defined in

International Standard since this method will be specific to the device design under evaluation.

D.5.3.9.6 Expression of results

Report the crush resistance of the endovascular prosthesis as force petr- uhit axial length in newtons
millimetre (N/mm) and the associated deflection at which plastic deformation or collapse occurs in millime
(mm).

D.5.3.9.7 Test report

The test report shall be in accordance with Clause D.4 and\shall include a description of the method used

determining the force and deflection at which plastic deformation begins. Report the maximum, minim
mean and standard deviation of the crush resistance.

D.5.3.10 Flex/kink

D.5.3.10.1 Purpose

The purpose of this test is to determine the minimum radius that the endovascular prosthesis

accommodate without kinking. Bothithe endovascular prosthesis, incorporating all modular components
extension devices (e.g. cuffs, jliac-extenders), and the independent modular components should be evalua
as appropriate. The relevant design evaluation sections of ISO 25539-1 include 7.3.5 Modularity and 7
Patency.

D.5.3.10.2 Materials
D.5.3.10.2.1 cEndovascular prosthesis
D.5.3.10.2.2 Materials listed in ISO 7198:1998, 8.9, as appropriate.

D.5:3.10.3 Sampling

on
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Sampling shall be in accordance with Clause D.2.

D.5.3.10.4 Conditioning

Conditioning shall be in accordance with Clause D.3 and shall include loading, preconditioning and

deployment.
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D.5

.3.10.5 Test method

Testing shall be performed on the prosthesis in the deployed state, incorporating all modular components and
extension devices, and on each independent modular component in accordance with the method outlined in
ISO 7198:1998, 8.9 Determination of kink diameter/radius.

NOTE Device segments may exhibit different kink resistance along the length. As such, multiple measurements may
be necessary to fully characterize the flex/kink properties of the device.

D.EI.3.10.6 Expression of results

The

kink diameter/radius shall be expressed in millimetres (mm).

D.5.3.10.7 Test report

The
sta

D.5

test report shall be in accordance with Clause D.4 and shall include the maximum, minimum, mean and
ndard deviation of the kink diameter/radius for the test samples.

.3.11 Local compression

D.5.3.11.1 Purpose

The
forg
1SQ

NO
end

NO
pro

purpose of this test is to determine the deformation of the device in response to a localized compressive
e, perpendicularly applied to the longitudinal axis of the device. Thevrelevant design evaluation sections of
25539-1 include 7.3.2 Implant integrity and 7.3.7 Patency.

[E 1 Although similar, crush resistance, local compression and radial force tests measure different attributes of the
pvascular prosthesis, as follows:

the crush resistance test measures the ability of the prosthesis to resist permanent deformation along the entire
length of the device;

the local compression test measures the ability-0f*the prosthesis to resist permanent deformation under a localized
(e.g. point) load;

the radial force test measures the force exerted by the prosthesis on the vessel in the deployed state.

[E2 This test is not designed, to evaluate the entire system; however, the system is required to deploy the
thesis that is under test.

D.5.3.11.2 Materials

D.5

.3.11.2.1 Endovascular system

D.5.3.11.2.2 _Universal mechanical testing system, with compressive capability, equipped with a suitable

loa
and

i cell capable of measuring force to an accuracy of + 5 % of the reported value, a constant rate of traverse
appropriate load application fixtures.

area) shall be appropriate for the endovascular prosthesis design and potential in vivo local compressive

forces.

D.5.3.11.2.4 A fixture that prevents full-deployment of self-expanding devices, where over-sizing is
required in clinical use.

D.5.3.11.2.5 Temperature controlled environment, (37 + 2) °C for prostheses with material properties that

are

28

sensitive to changes between ambient and physiological temperatures.
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D.5.3.11.3 Sampling

Sampling shall be in accordance with Clause D.2.

D.5.3.11.4 Conditioning

Conditioning shall be in accordance with Clause D.3 and shall include loading and preconditioning.

D.5.3.11.5 Test method
— Develop a test method based on the following:

a) deploy the endovascular prosthesis modular component such that the configuration imifates clinical

LiISe

(e.g. where oversizing is required, a fixture that prevents full deployment may be necessary to adequately

simulate the initial compression condition) and allows for application of a compressive' force directly to
endovascular prosthesis;

b) compress the endovascular prosthesis continuously or incrementally using a uniform rate of compress
(e.g. 200 mm/min) until plastic deformation or full collapse occurs; the location of the load application
the prosthesis shall be recorded;

c) record the force and associated deflection at which plastic_(pérmanent) deformation or full colla
occurs;

d) if the structure of the endovascular prosthesis is non-symmetric, repeat the test for the appropr
regions of the device, using new devices as appropriate,

NOTE The method for determining the force and deflection at which plastic deformation begins is not defined in
International Standard since this method will be specific to\the device design under evaluation.

D.5.3.11.6 Expression of results

the

on
on

pse

ate

this

The force shall be recorded in newtons~(N), displacement shall be reported in millimetres (mm) and area of

compression probe in square millimetles (mm?2).

D.5.3.11.7 Test report
The test report shall be in.accordance with Clause D.4. Report the maximum, minimum, mean and stand
deviation of the compressive force and displacement for each region tested, the location of the |

application and the design of the probe (e.g. shape, cross-sectional area). Justify the number and locatio
the load application(s).

D.5.3.12 lLongitudinal tensile strength

D.5.3712.1 Purpose

The purpose of this test is to determine the longitudinal tensile strength of the individual modular compons
of the endovascular prosthesis. The relevant design evaluation section of ISO 25539-1 includes 7.3

ard
bad
h of

nts
3.6

tomgitudimattersitestrengttr
D.5.3.12.2 Materials
D.5.3.12.2.1 Endovascular prosthesis

D.5.3.12.2.2 Materials listed in ISO 7198:1998, 8.3.2.2, as appropriate.
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NOTE Consideration should be given to the use of an appropriate fixture (jaws adapters) which will avoid damage to
the stent/attachment system component.

D.5.3.12.3 Sampling

Sampling shall be in accordance with Clause D.2.

Conditioning shall be in accordance with Clause D.3 and shall include loading, preconditioning and

degloyment.

D.53.12.5 Test method
Tegting shall be performed on each individual modular component in accordance with the megthod outlined in

1ISQ 7198:1998, 8.3.2 Determination of longitudinal tensile strength. For this test the minimum’load to cause
failiire shall be determined rather than the load at yield or break.

D.5.3.12.6 Expression of results

Thae longitudinal tensile strength shall be expressed in newtons (N).

D.5.3.12.7 Test report

The test report shall be in accordance with Clause D.4 and shallin€lude the maximum, minimum, mean and
standard deviation of the longitudinal tensile strength for each modular component tested.

D.5.3.13 Migration resistance

D.5.3.13.1 Purpose

The purpose of this test is to determine the force-required to displace the prosthesis within a mock artery. This
tes{ provides an estimation of the resistance’ to migration provided by the fixation mechanism(s) of the
propthesis (e.g. active fixation, radial force)- The relevant design evaluation section of ISO 25539-1 includes
7.3|2 Fixation effectiveness.

NOTE This test is not designed\to evaluate the entire system; however, the system is required to deploy the
prosthesis that is under test.

D.5.3.13.2 Materials

D.5.3.13.2.1 Endovascular system

D.5.3.13.2.2 ~Accessory devices, necessary to accomplish deployment in accordance with the instructions
for pse (IFU).

D.5.3.13.2.3 Mock artery, or simulated vessel with appropriate diameter, length, and mechanical properties

for therermdovascutar prosthesisdesign{e-gtoaccommuodate trooks/barbs):

D.5.3.13.2.4 Universal mechanical testing system, equipped with a suitable load cell, or a force gauge,
capable of measuring force to an accuracy of + 5 % of the reported value.

D.5.3.13.2.5 Test fixture, capable of securely holding the mock artery and the endovascular prosthesis.
D.5.3.13.2.6 Temperature controlled environment, (37 + 2) °C for prostheses with material properties that

are sensitive to changes between ambient and physiological temperatures.
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D.5.3.13.3 Sampling

Sampling shall be in accordance with Clause D.2.

D.5.3.13.4 Conditioning

Conditioning shall be in accordance with Clause D.3.

D.5.3.13.5 Test method

Develop a test method based on the following:

a) deploy the endovascular prosthesis into the mock artery, in accordance with the IFU, such that the ler]
of the prosthesis within the mock artery is approximately the minimum recommended in the
(e.g. anchoring zone, neck length);

b) secure the sample in the test fixture(s);

c) using a uniform rate of separation (typically 50 mm/min to 200 mm/mjin), pull out the endovasc
prosthesis from the mock artery and record the peak force.

NOTE The migration resistance may be affected by angulation and (vessel disease (e.g. calcification). Additi
testing or analyses should be considered in order to evaluate the effegt of angulation and vessel disease on
parameter.

D.5.3.13.6 Expression of results

The migration resistance force shall be expressed invnewtons (N). The length of the prosthesis within
mock artery shall be expressed in millimetres (mm).

D.5.3.13.7 Test report
The test report shall be in accordance with Clause D.4 and shall include the maximum, minimum, mean

standard deviation of the migration resistance force. The length of the prosthesis within the mock artery s
be reported.

D.5.3.14 Pull test for modular components (or overlapping endoprostheses)

D.5.3.14.1 Purpose

The purpose of this test is to determine the force required to separate the modular components of]
endovascular-prosthesis or to separate overlapping endoprostheses in the deployed state. The rele
design evaluation section of ISO 25539-1 includes 7.3.5 Modularity.

NOTE This test is not designed to evaluate the entire system; however, the system is required to deploy
praosthesis that is under test.

D.5.3.14.2 Materials

gth
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D.5.3.14.2.1 Endovascular system

D.5.3.14.2.2 Accessory devices, necessary to accomplish deployment in accordance with the instructions

for use (IFU).

D.5.3.14.2.3 Universal mechanical testing system, equipped with a suitable load cell capable of
measuring force to an accuracy of +5 % of the reported value, a constant rate of traverse and suitable

gripping fixtures.
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D.5.3.14.3 Sampling

Sampling shall be in accordance with Clause D.2.

D.5.3.14.4 Conditioning

Conditioning shall be in accordance with Clause D.3. For prostheses with material properties that are sensitive

used Testlng should be conducted |n a ﬂUId enwronment if thls enwronment may affect the force reqwred to
sefarate modular components.

D.5.3.14.5 Test Method

Deyelop a test method based on the following:

a) | deploy/assemble the modular components of the prosthesis, or the overlapping\ prostheses, in
accordance with the IFU; the length of the overlap between the modular components or prostheses

should approximate the minimum recommended in the IFU.

NOTE The use of an external constraint at or near the modular junction or prostheses\overlap should be considered,
as qppropriate (e.g. overlap region not within an aneurysm). A constraint should not becused if the junction of the modular
conpponents or the overlap of the prostheses may be located within an aneurysm;

b) | secure the sample in the test fixture(s);

c) | using a uniform rate of separation (typically 50 mm/min~{6. 200 mm/min), pull apart the modular
components and record the peak force;

d) | repeat the test for all modular junctions, including cuffssand extenders.

NOTE The force to separate the modular components or prostheses may be affected by the angulation between the
conjponents. Additional testing or analyses should be considered to evaluate the effect of angulation on this parameter.

D.5.3.14.6 Expression of results

Force shall be expressed in newtons (N)iThe rate of separation shall be expressed in millimetres per minute
(mm/min). The length of the junction or overlap shall be expressed in millimetres (mm).

D.5.3.14.7 Test report

The test report shall be(in accordance with Clause D.4 and include the maximum, minimum, mean and
stapdard deviation of the-force to separate the modular components or prostheses. The length of the junction
or gverlap shall be reported.

D.5.3.15 Radial-force

D.5.3.15:b-Purpose

|mplant diameter, under the conditions of expan3|on and compressmn The reIevant deS|gn evaluation
sections of ISO 25539-1 include 7.3.2 Fixation effectiveness and 7.3.7 Patency.

NOTE 1 Although similar, crush resistance, local compression and radial force tests measure different attributes of the
endovascular prosthesis, as follows:

— the crush resistance test measures the ability of the prosthesis to resist permanent deformation along the entire
length of the device;
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— the local compression test measures the ability of the prosthesis to resist permanent deformation under a localized

(e.g. point) load;
— the radial force test measures the force exerted by the prosthesis on the vessel in the deployed state.

NOTE 2  This test is not designed to evaluate the entire system; however, the system is required to deploy
prosthesis that is under test.

the

D.5.3.15.2 Materials
D.5.3.15.2.1 Endovascular system

D.5.3.15.2.2 Universal mechanical testing system, equipped with a suitable load/cell capable
measuring force to an accuracy of + 5 % of the reported value, a constant rate of traverse; and appropr
gripping fixtures.

D.5.3.15.2.3 Expansion and compression clamps/fixtures, such as “Clanmshell’, “V” Block, of

circumferential tension device such as a loop or snare. The fixture diameter/dimensions should be appropr
for the implant being tested.

D.5.3.15.2.4 Temperature controlled environment, (37 + 2) °C for-prostheses with material properties
are sensitive to changes between ambient and physiological temperatures.

NOTE When selecting the test fixture, consideration must be, given to the width or area under study, the effect
friction and the influence of the fixture geometry on the measured_loads.

D.5.3.15.3 Sampling

Sampling shall be in accordance with Clause D.2;

D.5.3.15.4 Conditioning

Conditioning shall be in accordance with Clause D.3 and shall include loading and preconditioning.

D.5.3.15.5 Test method
Develop a test method based ‘on the following:
a) testing should bé completed at the appropriate location(s) [e.g. fixation zone(s)] for each device;

b) deploy the ehdovascular prosthesis within the fixture such that the initial diameter is less than or equa
the minimUm vessel diameter indicated in the instructions for use (IFU);

c) measure the radial force as a function of diameter as the implant is expanded to the maximum indic4
vessel diameter; the speed of testing should be such that the results represent static conditions;

d)' measure the radial force as a function of diameter as the implant is compressed to the minimum indica

of
ate

ate
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to
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ted

vessel diameter; the speed of testing should be such that the results represent static conditions.

D.5.3.15.6 Expression of results

Radial force shall be expressed in newtons per unit length in millimetres (N/mm). The length shall be defined

as the length of the prosthesis within the fixture.
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D.5.3.15.7 Test report

The test report shall be in accordance with Clause D.4 and shall include a description of the prosthesis
location(s) tested, the minimum, maximum, mean and standard deviation of the radial force at the minimum
and maximum diameters for each device size tested. Results from both expansion and compression shall be
reported, with the respective speeds used during testing.

D.

D.5.3.16.1 Purpose

The purpose of this test is to determine the strength of the endovascular prostheses following repeated
dialysis-needle punctures. The relevant design evaluation section of 1SO 25539-1 includes 7.3.3“Implant
intdgrity.

D.5.3.16.2 Materials

D.5.3.16.2.1 Endovascular prosthesis

D.5.3.16.2.2 Materials listed in ISO 7198:1998, 8.3.4.2, as appropriate.
D.5.3.16.3 Sampling

Sampling shall be in accordance with Clause D.2.

D.5.3.16.4 Conditioning

Conditioning shall be in accordance with Clause D.3.

D.5.3.16.5 Test method

Tegting shall be performed in accordance with.the method outlined in ISO 7198:1998, 8.3.4 Determination of
strgngth after repeated puncture.

D.5.3.16.6 Expression of results

The strength before and after puncturing shall be expressed in the units specified in ISO 7198:1998, 8.3.4.

D.5.3.16.7 Test report

The test report shall‘be’in accordance with Clause D.4 and shall include the maximum, minimum, mean and
standard deviation of the strength before and after puncturing of the sample implant.

D.§.3.17 Strength of graft to stent/attachment system bond

D.ﬂ.3.17.1 Purpose

The purpose of this test is to determine the strength of the fixation or bond between the graft material and the
stent or attachment system. The relevant design evaluation section of 1ISO 25539-1 includes 7.3.3 Implant
integrity.
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D.5.3.17.2 Materials

D.5.3.17.2.1 Endovascular prosthesis, or a segment of the prosthesis, which is representative of the
bonding method(s) used in the finished device.

D.5.3.17.2.2 Universal mechanical testing system, equipped with a suitable load cell capable of
measuring force to an accuracy of + 5 % of the reported value, a constant rate of traverse, and appropriate

gripping fixtores:
D.5.3.17.2.3 Design of the fixturing, appropriate for the bonding method(s) and potential in vivo forces.
D.5.3.17.2.4 Temperature controlled environment, (37 = 2) °C for bonds that are temperature Sensitive.

D.5.3.17.3 Sampling

Sampling shall be in accordance with Clause D.2.

D.5.3.17.4 Conditioning

Conditioning shall be in accordance with Clause D.3 and shall include loading, preconditioning Band
deployment.

D.5.3.17.5 Test method

Develop a test method based on the following:

a) secure the sample in the test fixture(s);

b) apply a load to the bond using a constani crosshead speed (e.g. 200 mm/min) and record the fqrce
required to initiate separation of the components and the peak force required to completely separate|the

components; if more than one bonding method or technique is utilized in the design of the device| all
methods shall be evaluated.

D.5.3.17.6 Expression of results

The forces shall be expressed in newtons (N). It may be appropriate to normalize the results (e.g. by afea,
length, number of fixationspoints).

Qualitatively assess ‘and record the mode of failure (e.g. tear in covering, rupture of suture, separation of
bond).

D.5.3.17.7<{ Test reports

The testreport shall be in accordance with Clause D.4 and shall include the mode of failure and the maximum,
minimum, mean and standard deviation of the force required to initiate separation of the components and|the
peak force required to completely separate the components. The test report shall also include an assessnjent
of the relevance of the results to the integrity of the prosthesis.

D.5.3.18 Corrosion assessment

D.5.3.18.1 Purpose
The purpose of this assessment is to evaluate the susceptibility of the metallic components of the prosthesis,

to corrosion in a simulated physiological environment for the intended implant duration. The relevant design
evaluation section of ISO 25539-1 includes 7.3.3 Implant integrity.
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D.5.3.18.2 Materials

D.5.3.18.2.1 Endovascular prosthesis, or appropriate test samples of the prosthesis (e.g. segments,
sections, components, subassemblies).

NOTE Test samples should be appropriate to the type of corrosion under evaluation (e.g. crevice, pitting, fretting,
galvanic).

D.5.3.18.2.2 Materials, apparatus and test conditions, as specified in the test methods selected for this
evdluation.

D.5.3.18.2.3 Suitable standard reference samples.

D.5.3.18.3 Sampling

Sampling shall be in accordance with Clause D.2.

D.5.3.18.4 Conditioning

Conditioning shall be in accordance with Clause D.3 and shall include Aoading, preconditioning and
defloyment. For metallic test samples, the metal(s) under evaluation shall”undergo all manufacturing,
fabfication and finish processing, as well as all post processing steps suchras-cleaning.

D.5.3.18.5 Test Method
Deyelop a test method based on the following:

a) | evaluate all metallic components of the implant "using appropriate corrosion test methods and
assessment; in cases where different metals may.bé&’in contact clinically, they shall be in similar contact
during evaluation (e.g. when a stent may be placed-within the endovascular prosthesis).

NOTE Corrosion assessment includes, but is _not” limited to, evaluation of test results, review of literature and
conpgideration of the historical clinical performance of the material(s) under assessment. Guidance on corrosion
assessment may be found from a variety .of sources (e.g. literature, text books, standards, regulatory guidance
docpments). The Bibliography includes a_.partial list of references regarding corrosion terminology, equipment, test
pro¢edures and methods.

D.53.18.6 Expression of results

Tegt data shall be expressed'in units appropriate to the methods selected.

D.5.3.18.7 Test reporit

The test report.shall be in accordance with Clause D.4 and shall include the complete corrosion assessment,
including a summary of all test data, analyses and referenced information, comparisons to applicable controls,
any appropridte comparison between in vivo and in vitro performance and conclusions regarding the
ant{cipated-corrosion resistance of the endovascular prosthesis. For quantitative data, the maximum, minimum,
mepm-and standard deviation shall be included. Applicable requirements indicated in the guidance documents

used-fot tUOt;IIU shotid-alsobe-included:
D.5.3.19 Fatigue and durability test (pulsatile)

D.5.3.19.1 Purpose

The purpose of this test is to evaluate aspects of the long-term integrity of the endovascular prosthesis under
cyclic (pulsatile) radial loading conditions. The relevant design evaluation section of ISO 25539-1 includes
7.3.3 Implant integrity.
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