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Foreword

:2021(E)

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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le procedures used to develop this document and those intended for its further maijrnte
scribed in the ISO/IEC Directives, Part 1. In particular, the different approval criterianeed
ferent types of ISO documents should be noted. This document was drafted in accordanc
torial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

ention is drawn to the possibility that some of the elements of this document may be the
fent rights. 1SO shall not be held responsible for identifying any or all such patent rights.
) patent rights identified during the development of the document wilkbe in the Introducti
the ISO list of patent declarations received (see www.iso.org/patents);

y trade name used in this document is information given for the convenience of users an

copstitute an endorsement.

For

ex
W
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bressions related to conformity assessment, as well as information about ISO's adherel
rld Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT), see ww|
foreword.html.
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is document was prepared by Technical Committee ISO/TC 150, Implants for surgery, Subd
2, Cardiovascular implants and extracorporedl systems.

is third edition cancels and replaces“the second edition (ISO/TS 17137:2019), which
hnically revised.

ke main changes compared to_the previous edition are as follows:

considerations have been added to multiple clauses regarding degradation-induced devid
and the generation of absorbable particulate matter after mechanical attributes are lost;

clauses about labelling and instructions for use (IFU) have been modified;

Figure 2 hasheen modified to facilitate translation into multiple languages;

elaborated.

additional guidance regarding animal and clinical study design, limitations, and asses

nance are
ed for the
b with the

subject of
Details of
on and/or

1 does not

an explanation of the voluntary nature of standards, the meaning of ISO specific ferms and

hce to the

W.iso.org/

ommittee

has been

e fracture

standards’ with guidance for characterization of absorbable polymers and metals have been

bment has

Wéan added

e e oo o

Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found at www.iso.org/members.html.
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Introduction

Absorbable cardiovascular implants are medical devices with various clinical indications for use in

the human cardiovascular blood system. An absorbable cardiovascular implant, or at least a port
thereof, is designed to intentionally degrade over time into degradation products that are absorbed

ion
by

the body through either metabolism, assimilation, or excretion (elimination), or all. Such implants can

be either surgically introduced or introduced through intervention to the site of treatment.

This document outlines requirements for intended performance, design attributes, materials, des

evaluatio man ng 0 oh-Pa glng _and lnformation nplied b he man

the performance of non-active surgical implants. This document is intended to also be a supplem
to relevant device-specific standards such as the ISO 25539 series specifying requirements
endovascilar devices, which do not address degradation and other time dependent, ‘aspects
absorbable implants and coatings. Additionally, this document should be considered in"conjunct
with ISO 14155, which specifies proper practices in clinical investigations.

ign

This document is not comprehensive with respect to the pharmacological evaluation of cardiovascuflar

absorbabl
included i

e implants. More detailed safety and performance requirements fof. pharmacological age
the absorbable cardiovascular implant are described in ISO 12417-1.

Only issups related to degradation and absorption combined with/the cardiovascular implant
covered bly this document. Due to the variations in the design of implants covered by this docum
and in soine cases due to the relatively recent development of some of these implants (e.g. absorba

nts

hre
bt
ble

stents), aqceptable standardized in vitro tests and clinical results are not always available. As further

scientific and clinical data become available, appropriate revision of this document will be necessary.

NOTE For issues related to the common mechanical function of the cardiovascular implant, it can be usgful

to considerf a number of other international standards thatare given in the Bibliography.

vi © IS0 2021 - All rights reserved
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TECHNICAL SPECIFICATION ISO/TS 17137:2021(E)

Cardiovascular implants and extracorporeal systems —
Cardiovascular absorbable implants

Th ; : sa—evalta . : : :
cardiovascular implants used to treat vessels and/or the vascular space within the circulatefy system,
indluding the heart and all vasculature. This document is intended to supplement(devig

R foR—Feqtireen re—recommendations—fer—gbsorbable

e-specific

stgndards by providing guidelines specific for either absorbable implants or components, or both.

Th

is document is applicable to implants in direct contact with the cardiovascular’system, fvhere the

inlended action is upon the circulatory system. This document does not address the specific ¢valuation
of {ssues associated with viable tissues, viable cells, and /or implants with nofi<yiable biologica] materials

an
of
of
im
pr

supports the primary mode of action of the implant.

1 their derivatives. Additionally, procedures and devices used prior to and following the infroduction
he absorbable cardiovascular implant (e.g. balloon angioplasty deyices) are excluded from the scope
his document if they do not affect the absorption aspects of the implant. A cardiovascular gbsorbable
plant can incorporate substance(s) which, if used separately, can be considered to be a|medicinal
duct (drug product) but the action of the medicinal substaree is ancillary to that of the implant and

NOTE1 Some aspects of absorbable components of cardioyascular device-drug combination prgducts (e.g.

codtings) in their connection with drug-related aspects of the device are addressed in ISO 12417-1.

NOTE 2  An explanation of the nomenclature of abserb;, degrade and related terms can be found in Annex A.

2
Th

Normative references

e following documents are referreto in the text in such a way that some or all of their content

copstitutes requirements of this doacument. For undated references, the latest edition of the rleferenced

do

IS) 5840 (all parts), Cardigvascular implants — Cardiac valve prostheses

[SQ 10993 (all parts), ,~~ Biological evaluation of medical devices

I1S(
val

I1S(
val

IS(

rument (including any amendments) applies.

11135, Sterilization of health-care products — Ethylene oxide — Requirements for the deyelopment,
idation and routine control of a sterilization process for medical devices

111371, Sterilization of health care products — Radiation — Part 1: Requirements for deyelopment,
idatioitand routine control of a sterilization process for medical devices

14137-2, Sterilization of health care products — Radiation — Part 2: Establishing the sterilijation dose

[SO 11137-3, Sterilization of health care products — Radiation — Part 3: Guidance on dosimetric aspects of
development, validation and routine control

ISO 11607-1, Packaging for terminally sterilized medical devices — Part 1: Requirements for materials,
sterile barrier systems and packaging systems

ISO 12417-1, Cardiovascular implants and extracorporeal systems — Vascular device-drug combination
products — Part 1: General requirements

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

ISO 14630:2012, Non-active surgical implants — General requirements

©lI
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ISO 14937, Sterilization of health care products — General requirements for characterization of a sterilizing
agent and the development, validation and routine control of a sterilization process for medical devices

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

IS0 17665-1, Sterilization of health care products — Moist heat — Part 1: Requirements for the development,
validation and routine control of a sterilization process for medical devices

ISO 25539 (all parts), Cardiovascular implants — Endovascular devices

ISO/TS 37137-1, Biological evaluation of absorbable medical devices — Part 1: General requirements

3 Terms and definitions
For the pyrposes of this document, the following terms and definitions apply.
ISO and IHC maintain terminological databases for use in standardization at the following addresses|

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

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

31

absorb
absorptign
<biomatefial> action of a non-endogenous (foreign) material or;substance or its degradation produfts
passing through or being assimilated by either cells or tissue, 6i-both over time

3.2
degradatjon product
intermedifate or final result from the physical, metabolic, and/or chemical decomposition, of a material
or substaice

3.3
degrade
physically, metabolically, and/or chemically decompose a material or substance

34
leachable
substancq that can be released\from a medical device or material during clinical use

Note 1 to eptry: In absorbablé.devices, leachables can be substances released from the as-manufactured product
or substanfes generated/and released as a consequence of its degradation (i.e. degradation products).

3.5
particulate
particle
particulatematter
mobile material (other than gas bubbles) that are either present on or arise from the presence or use of
the device

4 Device design, fabrication, packaging, and use considerations

4.1 C(lassification

A cardiovascular absorbable implant is a product that accomplishes its intended clinical use and
performance through primarily either physical or mechanical, or both, means over a defined time
period. An absorbable cardiovascular implant may also incorporate a medicinal substance. A
cardiovascular absorbable implant accomplishes its intended clinical use and is then fully or partially
absorbed by the body over a finite period of time. The implant’s temporary nature is provided by its

2 © IS0 2021 - All rights reserved


https://www.iso.org/obp/ui
https://www.electropedia.org/
https://standardsiso.com/api/?name=a283b03378bb04f597c20372d8c40c92

ISO/TS 17137:2021(E)

ability to degrade and the resulting degradation products’ ability to be metabolized, assimilated, and/
or excreted (eliminated) over time.

The manufacturer shall determine the acceptability of the product for clinical use at all stages of the
product life cycle.

4.2 Intended clinical performance

The intended performance of an absorbable implant shall be described and documented by addressing
at least the following, with particular regard to the patient’s safety:

a) | intended purpose(s);
b) | functional lifetime - duration of intended mechanical function;

) | in vivo longevity - approximate time to full absorption of the absorbable components; absence of
histological (physical) presence in tissue.

4.3 Intended clinical use
The intended clinical use shall, if applicable, be preferentially identified as one or more of the ffollowing:
a) | abdominal aorta;

b) | arterio-venous shunt for vascular access;
c) | carotid artery;

d)| coronary artery;

e) | heart chambers;

f) | femoral artery;

g) | iliac artery;

h) | popliteal artery;

i) | intra-cerebral artery;

j) | renal artery;

k) | thoracic aorta;

1) | thoraco-abdominal aorta;

m)| tibiakartery;

n) | heart valve;

0) venous valve;

p) other heart, arterial, or venous anatomy to be specified as appropriate.

4.4 Materials
The requirements of ISO 14630:2012, Clause 6, shall apply.

Additional testing appropriate to specific material types (e.g. metals, polymers, drugs) shall be
performed to determine material acceptability for use in the design. For example, guidance for
assessing absorbable polymeric implants can be found in ASTM F2902[32], with ASTM F3160[42] useful
for absorbable metal materials testing. In a more specific example, absorbable materials dependent
on shape memory properties should be subjected to testing that assesses transformation properties.

© IS0 2021 - All rights reserved 3
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For drug-eluting absorbable implants, the requirements of ISO 12417-1 should be addressed. Electro-
chemical potentials of differing metals (stents, guidewires, other accessory devices) can require
additional types of testing.

4.5 Packaging, labelling and sterilization
4.5.1 Packaging

4.5.1.1 General

The requifements of ISO 11607-1 and ISO 14630:2012, Clause 10 shall apply.

Each device shall be packaged in a unit container with a sterile barrier, or a combination of unit
container|and an outer container. The unit container (within its outer container if applicable) may|be
packaged|in a shipping container during transit and storage.

The device packaging configuration should be designed to protect the implant during,normal conditigns
of handling, storage and transport such that device specifications are maintained. The sterile bariier
shall be njaintained throughout its designated shelf-life to permit the contents to be presented for tise
in an aseptic manner.

4.5.1.2 [Considerations for absorbable product

For absorpable products, non-standard packaging attributes may‘be needed to mitigate or eliminpate
the effects of environmental factors in order to maintain the physical, chemical and/or mechanikal
specificatjons of the implant. Where the absorbable product;,is susceptible to hydrolytic or corrosfve
degradatipn, consideration should be given toward the egntrol and/or removal of moisture from the
package interior (e.g. through the use of moisture resistant packaging materials and/or desiccants).
In additign, absorbable products may also be susceptible to physical, chemical, and/or mechanifal
degradatipn under extreme temperature conditiens. For example, storage of polymeric products|or
componerjts at temperatures that approach or.gxceed a glass transition temperature (7,) can adversely
affect the|physical and chemical state of the implant. Therefore, storage conditions should specify the
acceptabl¢ temperature range and limit the duration of packaged product exposure to elevated thermal
condition$.

4.5.2 Labelling

4.5.2.1 [Label(s)
Each devige shall be accompanied by one or more labels, one on each of the containers.

The requirements{of ISO 14630:2012, Clause 11, and the requirements of relevant device-specjfic
standard [e.g. celevant parts of the ISO 25539 series) shall apply, with the following information to[be
supplied gs part of the label(s):

a) identificatiomof the device;
b) expiration date (indication of shelf-life) and the recommended storage conditions;

c) indication of storage conditions to avoid (i.e. conditions that can have an impact on performance of
the absorbable device or components thereof).

4.5.2.2 Instructions for use (IFU)

The requirements of ISO 14630:2012, Clause 11, and the requirements of relevant device-specific
standard (e.g. relevant parts of the ISO 25539 series) shall apply together with the following information
to be included:

a) identification and description of the absorbable device or components thereof;

4 © IS0 2021 - All rights reserved
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recommendations for storage conditions and ranges determined to be acceptable for the

packaged

device, taking into consideration the absorbable properties of the implant or components thereof;

location of the absorbable part of the device, if only a portion of the implant is absorbable;

a general description of the principle of degradation along with both the expected time
loss of mechanical function and absorption of the implant;

intended use or indications for use;

contraindications, warnings and precautions;

frame for

j)

k)
D)

p)

4.5

3

potential for interaction of the absorbable material with other materials used inche
preparation and implantation of the implant, considering direct contact and the effectof p
fluids;

potential adverse events, including known adverse events associated with either in
portion thereof) degradation or in vivo absorption process, or both;

known device-specific adverse events with potential for increased 0ccurrence due to 4
material;

recommended methods for the aseptic presentation and prepatation of the implant consi
potential for interaction of the absorbable material with thé environment or materials uf

recommended methods for preparation of the implantation site, if applicable;
recommendations for visualization, if applicable;

if the implant is metallic, electrically conductive, or contains metallic or electrically d
components, magnetic resonance imaging {(MRI) safety information shall be provided,
any potential impact that an accompanying radio frequency (RF)-induced temperature

handling,
rocedural

hplant (or

bsorbable

dering the
ed;

onductive
including
rise may

have on the absorbable properties of-the implant or components thereof. Provided information

may also include a post-implantation time period after which safety MRI precautions are
relevant or needed;

differences in methods of preparation and implantation of the device when compared
absorbable device of the same type, if applicable;

differences in post-implant considerations for the device when compared to a non-a
device of the same type, if applicable.

NOTE These“post-implant considerations include those during the implantation proc
post-implantydilatation of an absorbable vascular stent) or following the implantation proc
considerations during follow-up imaging).

date of‘or reference relating to the publication of the text, indicating if the text has been 1

no longer

to a non-

bsorbable

bdure (e.g.
edure (e.g.

evised.

Sterilization

4.5.3.1 General

The sterilization requirements of ISO 14630 shall apply.

The entirety of the device and packaging shall be compatible with the chosen sterilization method. The
following provides a list of typical sterilization methods and a brief description of their applicability to
absorbable implants or components thereof.

4.5.3.2 Radiation sterilization

If devices are to be sterilized by gamma, electron beam or X-ray radiation sterilization, ISO 11137-1,
[SO 11137-2, ISO 11137-3 shall apply, including the provision (which can be found in ISO 11137-1) that

© IS0 2021 - All rights reserved
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the product meet its performance specifications throughout its intended lifetime at its maximum
acceptable dose. Radiation sterilization processes in polymers can generate free radicals and a potential
for change in absorbable material properties that can impact product performance.

4.5.3.3 Ethylene oxide sterilization

If devices are to be sterilized by ethylene oxide, ISO 11135 shall apply, including the provision that
the product meets its performance specifications at the most challenging parameters. Ethylene oxide
sterilization processes involve exposure to heat and humidity parameters that may impact absorbable
material properties that can impact product performance.

4.5.3.4 [Steam sterilization

If devices|are to be sterilized by steam, ISO 17665-1 shall apply. Steam may not be a viableterilizatjon
option forjhydrolysable polymers that are highly susceptible to uncontrollable damage under autoclave
condition$.

4.5.3.5 Alternative sterilization

If devices|are to be sterilized by use of any other sterilization method, suchCas dry heat sterilizatipn,
hydrogen |peroxide sterilization, ozone or nitrogen dioxide sterilization, IS© 14937 shall apply.

4.6 Product shelf-life considerations

4.6.1 General information

Shelf-life {s the amount of time that a packaged product can be expected to be stored under specifjed
condition$ and meet critical performance properties;~Establishment of shelf-life should directly|or
indirectly| assess the device’s ability to meet its speeified functional requirements upon its remoyal
from its ppckaging after appropriate storage. For@bsorbable devices, storage conditions can be vitglly
important (e.g. temperature and humidity) and.deserve careful consideration. A detailed understandjng
of implanf susceptibility to degradation under-€xpected storage conditions is paramount to a succesgful
shelf-life grogram.

Establishinent of product shelf-life-shall be through evaluation of one or more appropriate implant
performance tests conducted on the-final product, with justification for the selection of tests providgd.
Refer to ASTM F2914[4% for guidance in selecting appropriate tests for the determination of shelf-
life in endlovascular devicesAf-different finished product manufacturing sites are used, generatjfon
of appropfriate batch release and stability data, including appropriate performance specifications| to
ensure th¢ consistency-and equivalency of the finished product across manufacturing sites, should afso
be consid¢red.

ISO/IEC Guide 5%;-ISO/IEC Guide 63, ISO 10993-1, and ISO 11135 provide guidance regarding shelf-life
establishipent. Itis often unnecessary to assess every device attribute measured at time 0 (i.e. no aging)
and after pppropriate storage conditions to establish shelf-life. ASTM F2914[49] provides guidance ffor
the detertmimati i i i i =tife—for
endovascular devices. Accelerated aging can be appropriate to establish the shelf-life of an absorbable
device in a timely manner. AAMI TIR17[27] contains guidance regarding accelerated aging programs
and provides a brief discussion of aging theory. Also, ASTM F1980[3% provides guidance on accelerated
aging parameters and discusses humidity. Absorbable device shelf-life establishment requires special
consideration. ASTM F2902[39] provides guidance regarding the shelf-life of absorbable polymeric
implants.

4.6.2 Real-time aging

Shelf-life assessment of packaged and sterilized absorbable products should include real-time exposure
to temperature and humidity challenge conditions that, at minimum, are reflective of the expected
storage environment.

6 © IS0 2021 - All rights reserved


https://standardsiso.com/api/?name=a283b03378bb04f597c20372d8c40c92

ISO/TS 17137:

Guidance regarding transportation related risk management is provided in 4.7.2.

2021(E)

Real-time testing of the absorbable device’s critical attributes under conditions analogous to actual
storage conditions is the most definitive means for assessing the shelf-life of a packaged absorbable
device. Multiple time points (e.g. 6, 12, and 24 months) are recommended to mitigate risk associated
with a failure to meet the requirements at later time points.

4.6.3 Accelerated aging

Accelerated agmg allows medlcal dev1ces to be prov1ded to health care profess1onals w1th specified

sh¢
arg
to

Th
co
sh
ac(
de

Ex
life
en
pr

est

4.

4.7

1f- llfe of a product prov1d1ng add1t10nal rlsk to the pat1ent Thus when accelerated aging
designed, conservatism is recommended. Real-time aging studies should be condutted i
he accelerated aging studies to validate the shelf-life established by accelerated aging test

testing plan to establish the shelf-life of an absorbable device using accelerated conditig
sider the mechanism of degradation of the implant. The rationale for the accelerated agi
uld be provided. Conservative aging factors should be chosen. AAMI TIR #7127l provides co
elerated aging factors. However, these conservative factors might not'be appropriate for 3
Vices and should be used with caution.

posure to humidity, ultraviolet light, ozone, or other gases canyalso be used to establish
of an absorbable device if the aging process of the materidals can be shown to correlate ¥
yironmental factors. It should be noted that aging can be\further accelerated when mult
pcesses are involved. One should carefully define the combined effect of aging proces
ablishing the test method for accelerated aging.

f  Risk management

.1 General

Th

manufacturer shall define and implément a risk management system in accordance with |

ent of the
programs

n addition
ing.

ns should

g factors
servative
bsorbable

the shelf-
wvith these
iple aging
ses when

SO 14971.

Thi entire system shall provide intehded users the ability to safely and effectively perform alll required

pr¢operative, intra-operative, and pest-operative procedural tasks and achieve all desired ob,

Thiis shall include all other tools'and accessories that intended users will use to complete the j

NO
to

4.7

Th
Sp

TE For guidance on-hoWw to determine and establish design attributes pertaining to the use of
fonduct the implant proeedure, see IEC 62366-1.[8]

.2 Failureanodes

ecific te-absorbable cardiovascular implants include the following:

Design related: One or more implant design deficiencies (e.g. materials, dimensions, con

©lI

prematurely). In addition, implant design should provide a safety margin adequate t
appropriate temporal function in all indicated and reasonably anticipated clinical uses.

jectives.
rocedure.

the system

ere exist'three major categories of failure modes. Examples of possible failure within each category

struction)

| P 134 dad £ A3 1 £o31] L 1 43 £ L lLall £ ']LLJd d
Cdadll TTOUIU 11T UIIITNItCIIUTuU TUIittiviidrl 1aiur © Lc.s. SOCICTLLIVUIT Ul dalIl dUusSUlI' UaduUIT 111dllTl Idl tiiat egra eS

o provide

Manufacturing related: Inappropriate manufacturing conditions (e.g. excess moisture), storage
(e.g. defective packaging) and/or transport (e.g. excess thermal exposure) can potentially result in

functional compromise or failure.

Application or use related: Situations that can arise from unintended (abnormal) use errors
(e.g. over-expansion resulting in excessive particulate generation or fracture at implantation) as
described in IEC 62366-1[8] and/or from intended (correct) use errors (e.g. unable to deliver device

past tortuous anatomy that was not excluded in the IFU).
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An example of a failure mode for a stent embodiment is the presence of a portion of the implant’s
structure in the lumen (e.g. strut dislocation or dismantling). Such an event may be design related -
resulting from a dimensional deficiency creating a weak portion of the structure that degrades more
quickly than the remainder of the implant or resulting from a material deficiency (e.g. impurities
or inclusions) leading to a change in degradation profile. Non-uniform degradation can also be
manufacturing related - driven, for example, by varying levels of molecular orientation within the
device or from different metal hardening processes (especially in corrosion mechanisms). This failure
mode can also be use related - either from incomplete deployment or apposition against the vessel wall
or from over-expansion resulting in dislocation.

Poor tissuyecoveragecamatsocontributetoachntcatfatturemode;whichcanrrange fromrpoor-hreating
within a diseased patient population to improper deployment (placement) of the device that reduges
the probapility of achieving predictable tissue coverage. For example, stent under-deployment,where
the devic¢ protrudes into the lumen due to poor sizing or radial expansion, can lead to degradatjon
outside the confines of the vessel wall. Conversely, over-dilatation or overloading of sterits can indiice
stress hardening or molecular orientation that carries potential to change the degradation rate of the
affected regions.

The clinicjan deploying the device may not be aware of these relatively subtle changes, which may evyen
include crack initiation or strut fracture, until the issue is revealed as degradation progresses. As a
result, thg [FU should provide deployment procedural guidance (e.g. staged.deployment for relaxatjon
times in polymeric stents) in order to ensure appropriate apposition and ‘mechanical integrity of the
device. Vepsel disease state considerations are also needed, such as thé¢isk of inconsistent healing frpm
deploymeht near calcified tissue.

While thelabove examples are stent-focused, similar failure modes can potentially be found with other
cardiovasfular implants, such as vascular closure devices. Regardless, all the factors that can affect the
degradatipn rate of a particular device, which include thexenvironment in which it is placed, need to[be
considerefl for their potential impact on the healing response and, in turn, the overall clinical outcome.

NOTE The I1SO 25539 series and the ISO 5840 series*contain lists of potential cardiovascular hazards that

can providp a basis for a risk analysis of an absorbableiimplant. Additional risk analysis guidance can be found in
[SO 1099341, ISO/TS 37137-1 and ISO 14971.

4.7.3 Risk mitigation

These risks can be mitigated by thé following three mechanisms derived from ISO/IEC Guide 63:20]19,
7.3.7.2 (sep supplemental discussion specific to medical devices found in ISO 14971:2019, A.2.7.1):

a) inhergnt safety by design;
b) proteftive measures.in the medical device itself or in the manufacturing process;

c) information forsafety.

4.7.4 Specific aspects for absorbable implants

Absorbable Tmplants exhibit time-dependent Sensitivities to temperature and moisture due to the
degradable or corrodible nature of these implant materials. Therefore, the whole life span of the implant
from the raw material up to the complete absorption of the implant should be analysed carefully to
identify the potential for risk related to premature degradation during processing, distribution, and
implantation (see Figure 1). Potential approaches for mitigating such risks are discussed throughout
this document.
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Figure 1 — Life span of one single device or implant
5 [ Design evaluation
5.1 Evaluation overview and general considerations
5.1.1 Overview
A deneral characterization of the implant’s compesition, structural features, and degradation properties
negds to be included in a design verificationfor validation. The relevant material and mechanical
properties of the as-manufactured implant.should be characterized at their initial pre-implapnted state
anfl at select time points during degradation until measurement of the partially degraded implant
befomes impractical.
The implant should be characterized either in vitro or in vivo, or both, at multiple time points that
entompass the following timedframes:
—| procedural stage: timé preceding implantation;
— | intermediate stage:;time after implantation and during active degradation with decreasing retention
of mechanical attribute;
— | advancedstage: time after loss of mechanical attributes until final in vivo histological disappearance

Anl

of the absérbable implant or component.

overview of the assessment guidance provided herein is as follows.

Subclause 4.6 covers shelf-life and product aging considerations (covered previously)

©lI

Subclause 5.1 summarizes the in vitro evaluation steps and describes general considerations and

relevant pre-test characterizations and treatments.

Subclause 5.2 guides product assessment at time frames based on package opening through vessel
closure, which includes the delivery, placement, and initial function of the device (depicted as

procedural stage in Figure 2).

Subclause 5.3 addresses appropriate characterization of the post-procedure m

echanical,

dimensional, mass, and chemical changes that occur as the implant (and any included coating)
adjust to the physiological environment and encounter degradation over time (depicted as the

intermediate stage in Figure 2).
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— Subclause 5.4 describes the biological evaluation testing of absorbable implants, including reference
to specific guidance for testing in accordance with the various parts of ISO 10993.

— Subclause 5.5 discusses some of the issues and potential barriers to successful generation of a
correlation between in vitro and in vivo results.

— Subclause 5.6 covers both cardiovascular and absorbable specific concerns when conducting a
preclinical in vivo evaluation.

— Subclause 5.7 covers absorbable-specific concerns when conducting a clinical evaluation.
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X evolved time after implantation (axis not to scale)
Y percentage of original mechanical attribute
1 procedural stage
2 intermediate stage
3 advanced stage
—— degradation profile (hypothetical)
—— measurement limit
c——— loss of mechanical attribute
cemeam histological disappearance
A acceptance criteria (1 or more)

NOTE The procedural stage (Figure 2, Key element 1) precedes the final device placement (i.e. Y-axis at the
evolved time ¢, = 0); the intermediate stage (Figure 2, Key element 2) spans between the Y-axis and the loss
of mechanical attribute; the advanced stage (Figure 2, Key element 3) spans between the loss of mechanical
attribute and histological disappearance.

Figure 2 — Schematic representation of stages in the degradation of an absorbable implant
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Degradation of the implant should be characterized at multiple time points that encompass the
time frame for implantation (procedural stage), active degradation (intermediate stage), and the
expected final in vivo histological disappearance of the absorbable implant or component (advanced
stage). attributes representing relevant chemical, physical, and mechanical degradation should be
monitored. In this example figure, the decline in mechanical attributes is schematically represented.
The degradation profile for some materials may exhibit alternate trends but generally will include a
decay to measurement limits. Acceptance criteria (examples shown as yellow triangles in Figure 2) at
multiple relevant time points can be defined based on the needs of the end user and requirements of the
device for treatment. Examples shown in Figure 2 depict how the degradation profile should compare to
depicted acceptance criteria. Also, as degradation proceeds it is likely that the attribute being measured
wi[l'approach or coincide with measurement [imits in the advanced stage.

NOTE Certain device attributes can only be measured as long as the sample has ade/qudte|structural
intpgrity. For example, a stent in the advanced stage will likely disintegrate upon movement; althgugh it can
retpin its dimensions when surrounded by tissue in vivo.

5.1.2 General considerations

AS[TM F2902[39] and ASTM F3160[42] provide information on material-characteristics and ppplicable
evaluation methods for absorbable polymers and metals, respectively. A non-exhaustive|listing of
mdterial and implant characteristics that should be considered for incltision and subsequent agsessment
arg:

a) | Composition, chemical and purity properties (e.g. molecular weight, inherent viscogity, alloy
composition) and thermal properties (e.g. polymeric.glass transition temperature, meltirjg point).

b) | Microstructure of materials

1) degree of crystallinity and spatial distribution in polymers, and
2) grain size (in metals).

c) | Pore characterization (in porous censtructs).

d)| Degradation mechanism and rate'profiling, including consideration of either potential vafiations or
material interactions, or bath,.in different applicable environments (e.g. extreme storage| or in vivo
service conditions).

e) | Changes that occur over the lifetime of the implant with respect to its chemical, thermfal, and/or
physical properties.(e.g. molecular weight, mass), as well as the implant’s mechanical pehaviour
and degradation‘products.

Degradatiefiproducts can be released into the media or tissue or reside in the degradinjg implant.
Released‘degradation products that are generated prior to product use (i.e. during professing or
shelf- life) and following implantation should be characterized (e.g. chemical identity, qudntity, and
toxieity). Identification of the degradation products may be derived from chemical analyses of the
implant or in some cases a theoretical analysis, which is discussed in detail within ISO/Tf 37137-1.

NOTE Guidance regarding the identification and assessment of chemical degradation products and
leachables can be found in ISO 10993-9 and ISO 10993-17.

f) Integrity of the implant under both normal and extreme handling and in vivo service expectations.

g) Anticipated impact of clinically utilized visibility methods [e.g. X-ray, MRI, ultrasound, optical
coherence tomography (OCT)] on the material and/or implant (e.g. effects of magnetic fields).

h) Consideration should also be made regarding potential for interaction with other devices or
implants that may be commonly used in conjunction with the absorbable implants.

i) Drug-substrate interaction considerations; in drug-device combination products, potential exists
for an absorbable component (coating and/or structure) to interact with any accompanying
pharmaceutical ingredient(s), possibly affecting degradation rate and/or drug strength (potency),
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stability, and/or purity. While this document provides guidance toward the direct assessment of
absorbable component(s) and their degradation properties in the presence of a pharmaceutical,
it does not address their impact on a pharmaceutical or its rate of release. General guidance
regarding the assessment of pharmaceutical components contained within cardiovascular drug-

device combination products is detailed in ISO 12417-1.

The requirements of ISO 14630:2012, Clause 7, regarding general requirements for non-active surgi
implants shall apply.

cal

A ]ustlflcatlon or ratlonale shall be prov1ded for the partlal or full omission of testlng regardmg

potentlall
needed to

is recognized that certain absorbable device attributes can only be evaluated if the degraded sam
retains adequate structural integrity to be both retrieved and measured.

Since it if impossible to take into consideration all current and future techmologies, absorba
cardiovasfular implants evaluated following the basic requirements of this‘document can also n¢
additional testing to adequately characterize a device system. When deciding on the type of test
that is nepded, consideration should be given to the device’s failure mode(s) and the related effe
they can Rave on the performance of either the implant or the implant.component, or both. In additi
the applidability of standards such as ISO 12417-1 regarding drug-device combination products 3
relevant parts of the [SO 25539 series regarding endovascular deyices should be considered. Whene
changes are made in materials, construction, configuratien,>application or processing metho|
appropriate analyses need to be undertaken regarding the potential impact the change can have on
failure mgdes and performance of the absorbable implant«0r'component. The use of a control device
comparis¢n should be considered when evaluating performance of the implant’s design attributes.

All test damples shall be completed final sterilized devices. If the evaluated samples compr
implant cpmponents/sub-components that are riot sterilized or otherwise differ from final devicej
justificatipn shall be provided.

5.2 Inyitro procedural evaluatien

5.2.1 Suymmary of in vitro evaluation steps

Briefly, spbclause 5.2 deséribes how relevant properties of the as-manufactured implant
characterjzed from its initial pre-implanted state until monitoring of the relevant attribute in
partially |[degraded implant becomes impractical due to measurement limitations. The follow
provides & summary-description of the progression of degradation for absorbable implants follow
procedurgl placenient (as depicted in Figure 2). Characterization of degradation shall be completed

relevant for the.attribute (e.g. mechanical, chemical, physical) and time frame being evaluated.

— Proceddunal stage: Attributes relevant to the procedure for device implantation are assessed in vi
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prior to subjecting the device to simulated degradation using physiologically relevant conditio

ns.

This assessment is described in detail in subclause 5.2 on in vitro procedural assessment. During

this stage, the absorbable device is subjected to unpackaging and preparation per IFU (see 5.2

In order to simulate advancement to the treatment site, this assessment may include utilizing

).

an

anatomically relevant simulated use model (see 5.2.2) for tracking and subsequent implantation
or deployment of the device within simulated vasculature. Once the device has been implanted
or deployed, some assessment of its initial function (see 5.2.3) should be made. This may include
assurance that the device fulfills design requirements through placement and closure (e.g. provides

adequate crush resistance).

— Invitro degradation assessment: While degradation can occur at any stage, even during
manufacturing and before opening of the package, subclause 5.2 refers to the period post-placement
where exposure to the physiological environment leads to intentional degradation of the implant.
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Subclause 5.3 on in vitro degradation evaluation provides information on characterizing
of degradation.

Intermediate stage:

— This stage of degradation spans from the end of the procedural stage to where the
mechanical attribute of the implant being tested is no longer detectable.

2021(E)

this stage

measured

The evaluation time point frequency needs to be sufficient to allow at least an extrapolated

understanding of the approximate time at which the mechanical attribute of the implant is

unable to be measured.

5.2
Pr

IFU and exercised prior to insertion of the device. This conditioning includes all preparation

frd

po
de

5.2

An|
pld

A dliscussion of the design attribute$-necessary to meet the intended performance of a per

de

attribute is unable to be measured to the full absorption of the implant, as determined by
substantial absence or stable state of fragmentation particles, gels, or other pHysical d¢
products - regardless of whether the implant is evaluated in an in vitro or anjin-vivo cont
mechanical characterization of the degrading implant will be inherently liniited to the int
stage, material characterization may continue through the advanced stage until evaluatio
impractical or the acquired data are below the quantification limit oris o longer meanit

.2 Conditioning of test samples

b-treatment or conditioning of the samples should simulate relevant procedural steps descr

m opening of the package up to, but not including, introduction into the vasculature. Intro
st-insertion activities, such as tracking through an anatemically relevant simulated vascul
Uice deployment are described in the following proeedural-related subclauses.

.3 Assessment of delivery and placement

assessment of the device’s ability to be reliably implanted (via either percutaneous access
cement) needs to be included in a design verification or validation.

ivery system can be found in thefollowing documents:

Guidance for Industry and,FDA Staff - Non-Clinical Engineering Tests and Recommended
for Intravascular Stentsjand Associated Delivery Systemsl[62]

the ISO 25539 sefies, Cardiovascular implants — Endovascular devices

ASTM F23944 Standard Guide for Measuring Securement of Balloon Expandable Vascular Stern
on Delivery§ystem[36]

ASTM¥E2606, Three-Point Bending of Balloon Expandable Vascular Stents and Stent System|

1S0.10555-1, Sterile, Single-Use Intravascular Catheters — General Requirements

Advanced stage: This stage of degradation spans from the time point when the nlechanical

either the
gradation
ext. While
brmediate
h becomes
gful.

bedinthe
activities
Huction or
hture, and

rsurgical

Cutaneous

Labelling

t Mounted

[ 70]

[SO 10555-4, Sterile, Single-Use Intravascular Catheters — Balloon Dilation Catheters

Regarding particulate evaluation methods:

©lI

ASTM F2743, Standard Guide for Coating Inspection and Acute Particulate Characterization of Coated

Drug-Eluting Vascular Stent Systems[38]
AAMI TIR42, Evaluation of particulates associated with vascular medical devices|28]

IS0 12417-1, Cardiovascular implants and extracorporeal systems — Vascular device-drug co
products — Part 1: General requirements

ASTM F3320, Standard Guide for Coating Characterization of Drug Coated Balloons!4>]
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Regarding imaging evaluation methods:
— ASTM F640, Standard Test Methods for Determining Radiopacity for Medical Usel29]
— ASTM F2119, Test Method for Evaluation of MR Image Artefacts from Passive Implants[32]

5.2.4 Assessment of initial function post-deployment

The ability of the absorbable implant to meet its initial functional design performance specification
should be assessed 1mmed1ately after placement The ablhty of the 1mplant to be rehably deployed
placed, and-thenrem 3 3 of
quent enhancement or dechne in mechanlcal propertles Structural characterlzatlon of he
implant inmediately post-placement is conducted on devices that have been fully pre-conditionéd|as
described|in 5.2.1. Most considerations for inclusion in the initial functional performance specificatjon

a) confitmation of adequate mechanical function post-deployment (e.g. absence of any unintended

fication of relevant defects in the device affecting structural integrity [e.g. strut fractuies,
strucfural segmentation, or de-laminations of the coating(s)];

c) absence of premature degradation or release of degradation/corrosion product(s), including
partigles, in excess of design expectations;

d) absence of shrinkage/swelling of product in excess of designiexpectations (e.g. from fluid uptakd or
physital factors such as creep while under storage);

e) confifmation of the post-placement ability to determine the intravascular location of the deployed
implant by radiological or other imaging procedure!

NOTE An inadequate initial functional performance specification can result in implant characteristics that
can lead to|clinical events.

5.3 In Vitro degradation evaluation

5.3.1 General

The objective of subclause 5.3 is'to guide characterization of the chemical, mechanical, dimensional gnd
structura] degradation that degurs over time in the implant and/or any included coating (as illustrated in
Figure 2).|Relevant properties of the as-manufactured implant are characterized from their initial Elfe-
implanted state (as described in 5.2) until mechanical measurement of the degraded implant becomes
impractical to captureiclinically relevant phenomena with sufficient resolution. Prior to undertakjng
the descriped evaluations, the implant should be prepared, inserted, or deployed, (each as appropriate)
in a manner consistent with clinical use as described in 5.2 and illustrated as the procedural stagg in
Figure 2. All fest samples tested should be finished sterilized devices.

During in Vitro degradation studies, conditions are applied to simulate in vivo degradation, typically
using a physiologically-relevant aqueous solution with specific pH and thermal conditions maintained
as appropriate for the material being evaluated (e.g. ASTM F3268[44] for absorbable metals and
ASTM F1635[22] or ISO 13781 for hydrolyzable absorbable polymers). With adequate justification
and validation specific to the material being tested, non-physiologic pH or thermal conditions may be
used to accelerate degradation, justify less stringent control limits, or simulate special physiological
conditions (e.g. inflammation).

Anticipated in vivo loading conditions (e.g. axial, pulsatile, torsional, bending) should be considered in
in vitro degradation studies, along with consideration for both practical limitations and the significance
of the applied loading.
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The type and magnitude of the applied loading needs to meet or exceed anticipated physiological
conditions. In some cases, hyper-physiologic loading may be of interest to characterize the structural
mechanical behaviour (e.g. failure mechanisms). See ASTM F3211[43], All simulated degradation studies
and their subsequent evaluations shall be performed on implants after sterilization, unless otherwise
justified.

5.3.2 Sample conditioning

5.3.2.1 General

The following listing describes the range of conditioning options that can be considered. Dependent on
the testing objective, one or more of the listed conditions can be relevant.

5.3.2.2 Simulated use (optional)

If 1t is important for the outcome of the test, include expected simulated use that occurfs prior to
implantation, such as the anatomical model conditioning that is described im)ISO 25539-2 if ¢valuating
a sfent.

5.3.2.3 Baseline conditioning

Thiis evaluation encompasses exposure to a physiologically relévant environment without ajpplication
of applied mechanical loading during conditioning.

5.3.2.4 Static load conditioning

ThJils evaluation encompasses exposure to a physiologically relevant environment with appli¢ation of a
constantly applied mechanical loading during conditioning (e.g. static pressure, fixed radial fprce).

5.3.2.5 Cyclic load conditioning

Thiis evaluation encompasses exposuré to a physiologically relevant environment with application
of [a cyclically applied mechanical.Joading during conditioning (e.g. pulsatile, axial, bendiing). This
copditioning prior to evaluation is differentiated from fatigue testing where specific timg (test-to-
su¢cess) or failure (test-to-failure) end points are applied.

5.3.3 Mechanical evaluation

When characterizing the degradation of absorbable implants over time, changes in eithef relevant
mgchanical, or performance properties, or both, need to be evaluated. Mechanical evaluations shall be
pefformed atitime intervals appropriate for the characteristics and longevity of the implant(s) being
evaluated.The selected evaluation points need to characterize the time course of the intermediate
stdge of-degradation (as illustrated in Figure 2), which spans from the end of the procedpral stage
to [the“time point where the mechanical attribute of the implant or implant component can|no longer
be|nieasured. Mechanical properties of the implant during the advanced stage of degradation are not
evaluated because they are below measurement limits.

It should be noted that for some absorbable implants, some mechanical attributes may temporarily
increase in magnitude soon after exposure to physiologically relevant conditions of body temperature
and immersion in fluid due to temperature equilibration, swelling, and/or reorganization of polymer
chains. The expected time frame for this increase in magnitude to occur will be nearly immediate
(i.e. upon deployment), as can be expected with absorbable metal implants, to days, as can be the case
for full hydration of some polymers. It may be desirable to characterize this initial increase in value
for some mechanical attributes (e.g. strength) in order to provide a more relevant reference point for
comparison to measurements of the attribute at later timepoints during degradation.

Whenever it is reasonably practical, the specimen shall be evaluated for its mechanical performance
directly in a fully immersed state at 37 °C. For those mechanical tests that cannot be performed when
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fully immersed, the implant may be removed from the conditioning environment prior to testing.
However, dependent on the characteristics of the particular sample and material type being evaluated,
care should be exercised to ensure that the sample does not dehydrate or change its properties due to
loss of fluid or cooling as the test is being performed. A justification for mechanical tests necessitating
evaluation under dry, room temperature conditions shall be provided.

Additional tests to quantify the impact of loading on the implant’s mechanical properties and/or
performance during degradation may be performed (e.g. stent radial force following fatigue loading to
different cycle numbers). Mechanical evaluation of the implant shall be performed in accordance with
the requirements of the product specific relevant vertical standards, for example, from the ISO 25539

series or thre156-5840-series:

5.3.4 Cyclic fatigue durability evaluation

For cardipvascular implants, whether absorbable or not, completion of fatigue durahility evaluafes
the functional performance of the implant (or implant component) under cyclic physiologic loading
condition$ (i.e. radial, axial, bending, and/or torsional loading). Absorbable cardiovascular implants
should alqo be assessed for their ability to withstand cyclic physiologic loadingin-erder to determjne
if the explected loading has a significant impact on the degradation profile./Where meaningful data
can be geherated, demonstrate that the device does not completely lose sttuctural integrity beforg it
is no longer required to achieve the intended therapeutic benefit. Such ‘in*vitro fatigue testing sHall
be of sufficient duration to characterize the anticipated functional/life’ of the implant, which may
vary depgnding on the design attribute being evaluated. That period‘begins upon placement (end of
procedural stage) and continues into the intermediate stage (see Eiglire 2) but does not proceed to the
advanced |stage. Evaluation shall be performed under physiologically relevant conditions that mimic the
performance of the implant in vivo. Additional accelerated asséssments at hyperphysiological loading
condition$ may be conducted in conjunction with FEA analysis to understand the complex interactjon
of employed material, production processes and device ‘design. Appropriately justified accelerated
condition$ at elevated immersion temperatures may.also be considered.

ASTM F3211[43] provides guidance to experimentabmethodology to assess and determine the structural
fatigue lifp of permanent implantable cardiovascular medical devices, which may be applicable in ppart
or adjustable to absorbable implants.

For absorpable metals, in vitro tests may not adequately represent the in vivo environment (e.g. the
passive mjechanical support provided by tissue coverage/ingrowth, cell and blood interactions)} If
ions of the in vitro test"de’not allow an adequate replication of the in vivo behaviour of the
alternative methods/test conditions may be evaluated. In this context, in vitro fatigue testing
may be supplemented or replaced by preclinical studies, if appropriate.

For traditjonal metallic déyices, in vitro fatigue testing is often conducted at highly accelerated loadjng

If the user wishesto/accelerate the fatigue loading applied to an absorbable cardiovascular implant, the
test condition1iay incorporate a method that synchronizes the chemical degradation rate of the implant
with the ccelerated loading rate because the dev1ce S fatlgue performance in vivo will be linked| to
ongoing degra . nchron . he chem vith the acce ding
rate may be most relevant for absorbable polymerlc dev1ces but con51derat10n on how to accompllsh
this goal is also relevant for absorbable metals since their degradation profile has been shown to be
dependent on fatigue loading. Therefore, for example, if the test frequency is increased by a factor of 3
from the physiologically expected rate, then the degradation should also be increased by a factor of 3.
Relevant methods for synchronizing the chemical degradation with the accelerated loading rate include
temperature increases or pH shifts depending on the material and amount of acceleration required. A
justification should be provided if accelerated loading and degradation are not synchronized.
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5.3.5 Physical and chemical degradation evaluation

5.3.5.1 General

If characterization of the device’s mechanical properties during in vitro simulation of the intermediate
stage of degradation is not undertaken, characterization of the physical degradation of the implant
shall be undertaken. Such physical characterization should be conducted with a relevant validated
method (e.g. mass loss via gravimetry). Typically, both mechanical and mass loss characterizations are
performed and can be undertaken concurrently. Mass loss characterization can also be combined with
composition characterizations, such as (for polymers) hydrolytic reduction of M, (see 5.3.5.2).

Gu|idance regarding methods for the determination of the physical mass lost fromea rgtrievable
degrading implant can be found in either ASTM F1635[29] or ISO 13781. Experimental‘apprpaches for
the¢ optional collection and gravimetric quantification of a degrading device’s retrieved particulate
mdtter is additionally available in ISO 13781, a feature that allows potential contintation of dggradation
characterization into the advanced stage.

Gulidance regarding considerations critical to meaningful comparative ‘€valuation of th¢ in vitro
degradation properties of an absorbable metal construct can be found-in ASTM F3268[44l. Aside from
degcribing potential experimental approaches, this document includes’guidance regarding selection
of physiologically relevant electrolyte solutions that are appropriatéto the evaluation of gbsorbable
mgtals.

As| is the case with mechanical degradation, physical degradation characterization needs to be
unfertaken at time points that are relevant to the degradation profile of the device. Thgse should
indlude a minimum of two intermediate stage data peints, with additional points added based on a
combination of the needs of the application and the practicality of retrieval.

Fol absorbable components, such as coatings for the controlled release of pharmaceuticdls, where
megchanical testing is either difficult or imp¥actical, then a physical and/or chemical ddgradation
characterization would be mandatory. Such.an evaluation can include mass loss, particulate gvaluation,
or [other physical evaluations such as systématic imaging at selected time points. Chemical ¢valuation
of [degradation [e.g. via gel permeationr chromatography/size exclusion chromatography (GPC/SEC),
mdgtal ion monitoring] may also betilized as a means to determine the rate and extent of degradation.

Potential additional guidance.regarding the selection of appropriate degradation assessrhents and
procedures for different types)of implants can be found in:

—| polymers - see ISO(10993-13;
—| ceramics - seedS0 10993-14;
—| metals and\alloys - see ISO 10993-15.

NO[TE Metal degradation can occur through numerous mechanisms, which can include pitting, fretting,
crgvice dnd'galvanic corrosion.

5.3:52—Materialtamddegradatiomrproductevatuation

The composition of the implant material(s) and any expected sub-components (e.g. reactive chemical
by-products, trace metals, catalysts) shall be identified and their impact on degradation evaluated as
guided in ISO 10993-18. The significance of potential alterations to either the composition or chemical
properties of the implant, or both, over its lifetime shall be evaluated. Degradation products that are
released into the surrounding media or tissue should be evaluated per ISO 10993-1. Quantification
of each expected component shall be undertaken at an analytic level that ensures the final degraded
implant will be suitable for the intended application.

In polymers, composition can be also construed to refer to the mass-average molar mass (M,),
number-average molar mass (M,), z-average molar mass (M,), or viscosity average molar mass (M,). In
hydrolysable polyesters, all these molecular size related properties can be reduced through hydrolysis.
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The reduction of one or more of these molar mass (also known as molecular weight) properties
can be determined through either GPC or SEC, or inherent viscosity (IV) evaluations, provided all
characterizations are undertaken with the same analytic method. Inherent viscosity, which is typically
reported as dl/g and is convertible into viscosity averaged molar mass (M), is a particularly useful
method when only either highly aggressive or corrosive solvents, or both, are required to completely
dissolve the absorbable polymer being evaluated.

It is important to differentiate between reduction of a device’s polymeric molar mass, which is
quantified in grams/mole (also described as daltons) and an implant’s actual physical mass, which is
determined gravimetrically (typically in grams). It is also important to recognize that physical mass
lOSS ln hy 158 Ul_ybcl‘U}C lJU}y IHITT S t_y lJll,cl}]l_y CUIIIIITIICCS d5 lllU}dl IHIds55 dppl UdL}lCD Ul fdllb ‘IJU}UVV thc G C/
SEC molal mass detection limit. An example of a comprehensive characterization of hydrolyticglly
degraded |poly(L-lactide) homopolymer (PLLA) both by molar mass (via GPC) and by direct mas$ 1pss
(via gravimetry) is detailed in Pistner, et al. (1993) wherein it was observed that a >96 %drép in M,
determingd molar mass resulted in only a 5 % loss of gravimetrically determined mass + See Reference
[59]Y. Consequently, a lack of detection of molar mass (either in vitro or in vivo) via GRCYSEC analysis
cannot be|construed as an indicator of either implant mass loss or complete absorption.

Although pbsorbable metals will corrode under most in vitro test conditions, no.correlation is currently
known td exist between those in vitro tests and actual in vivo results.~Thus, common corrosjon
assessmeits (e.g. ASTM F2129[33] or ASTM F3044[41]) of metallic absorbableéimplants are inappropriate

and are thereby not required. Initial estimates for the degradation tiine frame of the degradabple
metallic implant shall be obtained through alternate methods (e.g. anital studies). However, guidafce
regarding| considerations critical to meaningful comparative evaluation of the in vitro degradatifon
propertie$ of absorbable metal constructs can be found in ASTME3268[44],

The biological evaluation of either the particulate matter or soluble degradation products, or bdth,
generated during testing is addressed in 5.4.

Where the utilized material is chemically identical tgddevices with a history of safe use under similar
exposure,| then a materials-characterization-based approach per the provisions of ISO 10993-1 may
provide sufficient compositional and degradatioh.product characterization.

5.3.5.3 Pegradation particulates (particulation)

5.3.5.3.1 | General

Within the¢ context of cardiovascular implants, particulate matter is broadly considered to be any mobhile
material (other than gas bubbles) that are either present on or arise from the presence or use of the
device. Dggradation particulates are inherently transient and are those generated from an absorbaple
device dufing its interniediate or advanced stages of degradation and excludes any acute particulages
generated during the-procedural stage (prior to the onset of degradation). Such absorbable particulpte
matter inherent tolthe degradation process can present at different rates and in different geometrid or
morphological fotms dependent on the formulation chemistry, the implant’s size and shape, as well as
on materipl pfocessing - all of which can in turn affect biological response. The presence of such matfer
and any agégimpanying potential for exposure to flowing blood can also bring a risk of embolism - bpth
locally and, through mobility, to other distal locations.

Normal degradation of an absorbable implant can be expected to generate interim particulate matter
that will ultimately transition into the final degradation product(s). The amount and rate of particulate
generation will be a function of the implant’s rate of degradation combined with both the mechanical
and physical environment within which the implant resides. Thus, in any risk assessment it is important
to consider the in vivo environment within which the absorbing particulate matter is present, with
effectively immobilized particles embedded within a healthy tissue bed generating a distinctly different
response from that of the same particulate matter mobile within flowing blood. Thus, the impact and

1) For initially ~132,000 dalton (Mn) PLLA (“PLLA-A2") polymer after 60 weeks hydrolysis, see both Table 1 for
remaining 4,600 Mn (>96 % drop) and Figure 9 for <5 % weight loss (>95 % original mass).
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any related particulation risk presented by the normal degradation process needs to be evaluated
within the context of the intended clinical application.

5.3.5.3.2

In situ biocompatibility /biological response considerations

General guidance regarding the assessment of the absorbable particulate matter can be found in
ISO/TS 37137-1. The following should be considered for absorbable implants in cardiovascular
applications.

a)

b)

Particulate chemistry; generally, degradation particulates are physical fragments of an originating

: . L ) .
structure that as beemr weakemedthrough progressiomr of amamnticipated chrenmical dggradation

process. The chemistry of the implant’s degradation process is typically known and can b¢

expected

to generate particles with composition that reflects the anticipated transition hetwéen the base

material and its ultimate degradation products. If, due to degradation chemistry;, the

oenerated

particulate matter is of a chemical composition that fundamentally differs ‘fpom the previously
characterized base material or the anticipated final degradation product;the composition of the
particulate’s intermediate state should be assessed for its impact on the bielogical respdnse to the

degrading implant.

Particulate geometry or morphology; aside from the chemistry-of-the degrading particulate, its

morphological features can also influence the local tissue response. Metallic fragments,

corrosion

products, and persistent polymeric crystallites that can, possess sharp particulate gdges may
generate adverse morphologically driven tissue respenses independent of their ynderlying

composition or degradation chemistry. The morphologiCalfeatures of degradation partic

lates and

fragments can be driven by both composition and processing. [SO 10993-1:2018, Annex B provides

some guidance on the assessment of particulate physical form. However, as stated prev

ously, the

impact of that physical form needs to be considered within the context of its in vivo njechanical

environment.

Particulate observation, measurement orassessment in vitro; static in vitro degradati

bn testing

is usually highly valuable toward understanding an implant’s inherent rate of degradation and
structural fragmentation. Additionally, valuable is degradation fatigue testing, which provides a

preliminary assessment of the méchanical service life of the absorbable device while ur

der cyclic

load. While the absence of thel{reinforcement that tissue attachment and overgrowth prijovide will

inherently confound any fatigue observation, such testing provides insight as to the on
and overall nature of load.induced device fragmentation.

set timing

Generally, within cardiovascular applications, attention within in vitro assessments n¢eds to be

directed toward sthe’/presence and implications of fragments and particulates with d
greater than 10~ (per USP <788> and AAMI TIR 42), with less than 5 pm considered t
embolic riskq{but elevated quantities can still present risk).

mensions
have low

Charactenization (e.g. size, number) either the degradation fragments or particulates of an implant,

or bothy/at a specific time interval, should be performed in a manner that minimiz
degtadation or loss between retrieval and assessment. While observational and test

bs further
ronditions

need to consider any differences from the in vivo environment (e.g. temperature, level of Hydration),

o como et ratrorioor

— Absorbable metals related: consult guidance in ASTM WK611032)[72] for, for example, grain

dislocation.

— Absorbable polymer related: where practical, undertake observational and mechanical
assessments at hydration levels and temperatures representative of the in vivo environment.

See guidance provided in ASTM F2902[32], ASTM F3036[73], ASTM F1635[29], and I1SO

2) Under preparation.
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Some potentially relevant guidance regarding the collection and quantification of particulates can be
found in:

a) ASTM F2743-11, Standard Guide for Coating Inspection and Acute Particulate Characterization of
Coated Drug-Eluting Vascular Stent Systems[38];

b) ASTM WK70330, New Test Method for Standard Guide for Chronic Particulate Characterization and
Coating Integrity Testing of Coated Vascular Stents[74],

5.3.6 Imaging compatibility evaluation

5.3.6.1 Evaluate using relevant imaging modalities

Device safety and compatibility with clinically relevant imaging modalities shall be evaluated.

5.3.6.2 adiopacity

The radidpacity of the device shall be characterized if intended for use unde¥’ fluoroscopy. This
character]zation shall confirm adequate visibility of the device location under fluoroscopic imagjng
equipmenft at a time point or points relevant to the device application. dfyintended for use under
fluoroscopy, radiopacity is required at placement (see Figure 2, procedural stage). Since it is expecfed
that the radiopacity of the device can change during degradation, in yivo’‘assessment of radiopacity is
optional during later stages of degradation.

NOTE Test methods for determining radiopacity for medical use ¢an be found in ASTM F640[20],

5.3.6.3 MRI compatibility

MRI safety shall be assessed for any absorbable dmplant that contains a potential magnetism
susceptiblility or electrically conductive metallic comiponent.

NOTE Assessment of RF induced heating durifig MRI can be found in ASTM F2182[34]l. Assessmgnt
of magnetfcally induced displacement force cafube found in ASTM F2052[31l, Assessment of magneticglly
induced tofque can be found in ASTM F2213[82}*Assessment of image artefact can be found in ASTM F2119(321,
Recommer]dations for MRI Labelling can be found in ASTM F2503[3Z], General guidance regarding MRI safety ¢an
be found ir] Reference [75].

5.4 Biojogical evaluation

5.4.1 General considerations

Biological|evaluatiomiisithe assessment of the ability of a device, device component, or a material to[be
present in the bod§ with an appropriate host response for the specific application and without creatjng
either an pdverse.systemic impact or local effect, or both, on either the surrounding cells or tissue|or
both. Biolpgical'evaluation of an absorbable material shall be conducted in accordance with ISO 10998-1
and other ‘felevant parts (see ISO 10993-1:2018, Table A.1). For the absorbable cardiovascular
implants covered by this document, testing shall also consider the biological evaluation guidance in
ISO/TS 37137-1, which provides supplemental information when evaluating absorbable devices in
accordance with the ISO 10993 series. Subclause 5.4 describes considerations for biocompatibility
assessment per the ISO 10993 series and does not include discussion on the animal safety study, which
is described in 5.6.

For absorbable devices, standard extraction methods can result in the degradation of the device. The
presence of these degradation products within the extraction media can potentially impact the results
of some biocompatibility tests. Since standard extraction methods were originally intended for non-
degradable materials, interpretation of these results often cannot be distilled to simple pass or fail
criteria. For example, in some cases if the degradation rate of an absorbable material is sufficiently
rapid, elevated concentrations of one or more of the intended degradation products can alter either
the pH or the osmolality of an in vitro test system, or both. Since the in vivo condition can provide the
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combined presence of perfusion and carbonate equilibria, such in vitro results might not reflect in vivo
response.

Additionally, standard extraction conditions and biocompatibility tests for finished devices are not
designed to assess biological responses to the device throughout degradation. Thus, testing at different
stages of device degradation can be needed to demonstrate safety, as absorbable devices are constantly
changing in the physiological environment and can present different biological responses at different
stages of degradation. Guidance regarding conducting a biological risk assessment and determining the
need for such testing can be found in ISO/TS 37137-1, which also provides direction on evaluation of
absorbable medical devices in accordance with various parts of the ISO 10993 series. Any modifications
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5.4.2 Particulate observation, measurement and assessment — In vivo
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ce absorbable materials are intended to degrade, potential exists for genfenation of
ticulate matter as the implant breaks down. In the hydrolysable polyesters;this typically
early portion of the advanced stage and after most of the implants mechanical strength
t and molar mass is very low to undetectable by GPC methods (see Referenee [59]). An unde
the potential clinical impact of such degradation is needed (e.g. for intravascular implants
thrombosis or embolization leading to coronary or cerebral infatetion). Formulation che
Il as particle size can affect biological responses, which should be discussed in the risk ass
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While in vitro testing is usually highly valuable toward understanding an implant’s degrad
impact of degradation particulate matter ultimately needs)te’be assessed within the conte
a tlissue type and an in vivo mechanical environment that'is similar to that of the intend
application. Thus, a suitable animal model is needed with a lifetime that ensures full surviv{
th¢ implant’s degradation and fragmentation (intermédiate stage to advanced stage transitipn region)
anfl preferably complete absorption (end of advanced stage). For absorbable stents, this i§ typically
porcine, which can accommodate both degradation and complete absorption monitoring (i.e. to
approximately five years).

With timing informed as much as possible through monitoring during in vitro degradati
teqting, planned in vivo retrievals intended to assess the impact of degradation particul
coincide with their anticipated peak presence, which will be dependent on the specific impla
physical degradation - something likely affected by the mechanical forces applied to the dej
intended implant location.
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overlapping stents; strut-on-strut) needs to also be undertaken. In all situations, the respect
population, which
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can present with multiple morbidities not present in an animal model.

5.4.3 Sterilization considerations

Evaluations are to be conducted post-packaging and post-sterilization, either separately or as part of the
as-manufactured device. While biological evaluation can be conducted on any component at any stage
in the manufacturing process, finished product evaluation needs to be conducted following terminal
sterilization at a level that meets or exceeds anticipated maximum exposure. While higher sterilization
durations and intensities are generally considered as providing a more stringent evaluation, caution
should be undertaken when sterilizing under harsher conditions (i.e. higher radiation dose) as more
and different chemical by-products can be produced.
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5.4.4 Drug-device combination product considerations

For implants that include an active pharmaceutical ingredient (API), the presence of a pharmaceutical
can affect the biological response. If a potentially API-driven failure occurs, separate testing of the
finished device, excluding the drug component, should be considered and the results included in the
evaluation. In addition, any potential for interaction between the pharmaceutical ingredient(s) and the
as-manufactured or degrading absorbable component(s) should be both understood and assessed for
its impact on device biocompatibility and the drug component itself.

NOTE Additional guidance regarding evaluation of drug-device combination products can be obtained in
ISO 12417-1 hich was r‘lmm]nppd for cardiovascular medical devices

Biological| evaluation of identifiable and already previously well characterized chemical compoheits,
such as |degradation products from many intentionally absorbable materials in drug-devjice
combinatijon products, may be optionally substituted with an appropriate toxicological evaluation. Sych
a justification can be generated through a chemical characterization of device extractshin-conjunctfon
with a toxficological risk assessment for the specifically identified chemicals.

5.5 In Vitro-in vivo correlation (IVIVC)

Correlatign of in vitro with in vivo degradation results may be considered to reduce the need [for
preclinical animal studies associated with future device changes. However, limited methodological
informatipn currently exists to formalize either such correlation steps‘r attributes, or both. In additipn,
the degref of necessary correlation between in vitro and in vivomneasures can vary by implant type
and clinical indication.

Correlatiqn may be sought for the following areas:
— degradation time frames;
— drug release rate, if applicable.

The user |should consider potentially different mechanisms of degradation and drug release when
correlatinjg in vitro and in vivo data.

Absorbable metals will corrode during most in vitro tests, the rate of which will vary depending on the
test conditions, but no correlation ofspreferred method is currently known to exist between in vitro
tests and [in vivo results. However,\absorbable metals can be evaluated by analysing the degradatjon
of implanfed in vivo samples at certain time points and trying to replicate the respective state| of
degradatipn in vitro (knowing-that there is no linear relationship in the degradation time frames).
However, by showing that'the degradation cascade and products are comparable to the reactiong in
vivo, a cofresponding test)of mechanical properties of in vitro degraded samples that correspond tp a
given in v]vo time point may be conducted.

Isolation gf the explanted partially degraded implant for analytical or physical investigation can requiire
tissue dissectionand removal, possibly through chemical digestion. When removing tissue by chemilcal
means, care-should be undertaken to choose solvents and digestion agents that do not further degrade
the implahtoki weversuch-practice 2 : - L il

materials or stages of degradation, or both.

S —T10 HeRP apBe€eo pTa a1ro POSSHoTe-wW oime

5.6 Invivo preclinical evaluation

5.6.1 Purpose

NOTE See ISO 10993-2 (animal welfare requirements), ISO 10993-6 (local effects after implantation),
ISO 10993-11 (tests for systemic toxicity), ISO 10993-16 (toxicokinetic study design for degradation products
and leachables), ISO/IEC 17025 (laboratory quality management), and Reference [76] for additional guidance on
appropriate preclinical laboratory practices, and Reference [77].
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The purpose of preclinical in vivo testing includes the evaluation of delivery/placement of the implant
(and use of any related accessories), degradation of the implant, and evaluation of the biological
response to the implant. For interventional devices, this testing would include the introduction,
deployment of the implant, and subsequent withdrawal of the delivery system. The implant shall be
evaluated at appropriate follow-up end points in order to determine the response of both the host
and the cardiovascular absorbable implant. In particular, preclinical in vivo testing shall provide data
pertaining to safety and shall evaluate the suitability of the cardiovascular absorbable implant for
its intended use in clinical investigation. Subclause 5.6 should be considered as a supplement to the
information provided in ISO 10993-2 (animal welfare requirements), ISO 10993-6 (local effects after
implantation), and ISO 10993-16 (toxicokinetic study design for degradation products and leachables).

Thle animal species to be used for the preclinical in vivo testing should be selected in accorfjance with
the principles of ISO 10993-2, ISO 10993-6, and I1SO 10993-11. The choice of species canbe influenced
byla variety of factors, including:

— | expected clinical use, and relation to clinically-relevant implant test site(s).in the species
—| sizeofimplanttestsamplesand ofthe delivery system,andrelation to speCies anatomical dimensions;
— | intended implant duration, and relation to the expected species liféspan;

—| end points of the in vivo testing, and potential differences in“species biological resppnses; for
example, thrombosis has been reported to differ between pigs, dogs, and primates (see [Reference
[78]), and rodents and pigs have been reported to have different primary mechanisms for wound
healing (see Reference [79]).

The choice of animal species shall be scientifically justified in accordance with ISO 10993-P and this
jugtification shall be documented.

5..2 Specific objectives

The specific objectives of a study shall be.stated and may include those detailed in device releyant parts
of the ISO 25539 series, the ISO 5840-series, or other applicable standards along with the|following
copsiderations specific to absorbableimplants:

a) | Since traditional fluoroscopy procedures can be inadequate to visualize absorbable implants, the
study should assess the-ability to both deploy the implant and confirm its intravasculdr location
through use of a suitableimaging procedure and with consideration for the test animal’s hody mass
with respect to theintended patient population.

b) | Evaluate the structural integrity and absorption of the cardiovascular implant, with af least one
retrieval time targeted toward the early advanced stage that follows the expected complete loss of
mechanical¢roperties and poses the highest potential for generation of particulates and low molar
mass degradation products.

c) | Assess local biological responses (e.g. vascular trauma, thrombus deposition, inflammation,
endothelialization, necrosis, neointimal proliferation, aneurysm formation). Additional

coTrSTOC TratIors T

d) Assess downstream and systemic effects (e.g. embolism, infarction) through an evaluation of
histology and pathology of explants and pertinent tissues/organs and whether these effects
can be device or procedure related. Additional considerations are provided in ISO 10993-11 and
ISO 10993-16.

e) Record adverse events and potential contributing factors (e.g. implant versus catheter delivery
system). More than one study may be used to address the specific objectives. Animal studies
are designed to demonstrate safety. Animal studies are not designed for demonstrating either
efficacy or effectiveness. However, a preclinical study may be designed with specific end points
related to the local biological response (e.g. reduced neointimal proliferation, improved rate of
endothelialization, benign response to degradation related particulation) that can demonstrate a
potential clinical benefit.
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It may not be possible to address all specific objectives within one in vivo study. For example, retrieval
of implant materials for assessment of structural integrity and degradation products can disrupt
the adjacent tissue and limit the ability to assess local biological response. Some examples of specific
objectives for absorbable implants are as follows.

— Degradation status: assess the presence of implant, degradation products, mechanical, integrity,
and impact of any fragmentation. The testing is focused on the implanted device. Once explanted,
processing steps are designed to retain the device and its degradation products. The device and
materials may be assessed via multiple techniques, for example, Nano-CT, Xray, SEM, EDS, optical
microscopy, GPC, FTIR, to assess integrity and degradation status.

— Local|biological response: assess the biological effects near to and in response to the implant: 'ihe
testinlg is focused on the biological material, typically using classical histological assessment.Once
explapted, processing steps are designed to minimize disruption to the biological material; hote that
therelis the potential for these processing steps to disrupt the implant and degradation produdts.
Tissugs and implants may be embedded and sectioned for tissue or implant intepface evaluatipn.
Tissugs and implants may also be prepared to view the lumenal surface of the implant to evalupte
tissug coverage.

— In sitp tissue coverage and mechanical integrity: assess device degradation status and biologilcal
response without explanting the device or tissue. This may be performed/via OCT or intravascullcar
ultraqound (IVUS) depending on the choice of animal species, implant location, and implant

sions. These assessments may be performed at multiple timepoints with the same anirhal

plant since they do not require implant retrieval or tissue sample collection. There is the
ial for the OCT or IVUS device to disrupt the implant and/or local tissue depending|on
the degradation status of the implant and maturity of the biological response. This potential for
disruption may be evaluated by comparing OCT or IVU§ results to the degradation status andjor
iological response assessments listed above, whére those devices did not have an OCT or IUS
passed through them. The results of these evaluations can also help inform the assessment of the
clinical risk from in-patient imaging and the potential for disrupting either the implant or tissfue,

When evalluating the IVIVC of drug release froti an absorbable component, consider (if applicable) the
correlation between an in vitro property of an extended release dosage form and the in vivo response.
The corrglation should describe the in-vitro rate or extent of drug dissolution or release and the
in vivo effect (e.g. drug tissue level). Due to local application, low drug doses, and potential
for drug yiptake into the tissue, JIMIVC evaluation of drug release with systemic blood plasma leyel
ents might not be feasible. Additionally, local tissue measurements often cannot be obtairjed
or validated because of measurement variability (i.e. either inconsistent quantification or sample
preparatipn issues, or both)xIn the absence of appropriate methods for systemic blood or local tisue
sampling,|evaluation of the-amount of drug remaining on the cardiovascular absorbable implant can|be
used to egtimate the inwivo release rate.

5.6.3 Protocol

Each cardjovascular absorbable implant shall be tested at the intended, or at an anatomically analoggus
vascular site, withjustification for thealtermate site— Whenever possibte,amimmatmodels shoutd be
chosen to most closely mimic clinical site and vascular anatomy. The number of animals used for testing
shall also be justified. As far as permitted by the limitations of the animal model, all cardiovascular
absorbable implants used shall be of clinical quality and size, and of the design intended for clinical use.

The study follow-up time points should take into consideration how long the device and drug-
containing parts of the cardiovascular absorbable implant remain [e.g. acutely (<24 h), short-term
(<30 d), or permanently]. Long-term in-dwelling cardiovascular absorbable implants or implants with
absorbable components can require additional study follow-up time points. Guidance on the minimum
requirements for time point selection is provided in ISO 10993-6. Assessment intervals should be
targeted in accordance with the expected pattern of degradation, including multiple assessments
during the intermediate stage, leading to final disappearance of the implant or absorbable component.
The results of in vitro degradation tests described in 5.3 should be used to inform the selection of
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timepoints corresponding with the pattern of degradation. For materials where correlation of in vitro
and in vivo degradation rate is not possible, pilot animal studies can be required to define these time
points. Consideration needs to be made regarding the impact that normal physiological temperature of
the test species can have on the degradation rate of the implant. In the absence of complete degradation,
the data collected and resulting trend can be sufficient to allow characterization of local effects after
implantation, provided that both substantial absorption and the restoration of normal tissue structure
and function (e.g. vascular contractility, endothelial coverage), as appropriate, has been obtained.
While gross and microscopic evaluation after complete implant absorption is highly desirable, in vivo
degradation profiling of either the absorbable material or its degradation products, or both, to a state
of limited visually-identifiable histological presence can also be considered acceptable. Additionally, an
as§essment needs to be made regarding the reversibility of any accompanying adverse pathglogy. As a
regult, long-term studies that span a significant portion of the degradation time frame for the implant
ar¢ recommended, unless justification for a shorter-term study is provided.
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an attempt to preclinically assess risk of late events (e.g. thrombus) generatéd by eith¢r implant
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rate of mass loss are elevated. This retrieval period of expected intensified tissue response will
'y based on implant material and degradation rate. In absorbable pelymers, this can be reasonably
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Fiod of expected intensified tissue response. Histological obsetvations and assessments

e period should consider the selected animal model’s relative rate and level of tissue

liferative response when compared with the anticipated/diseased state of the patient poy
the device’s intended clinical application. Such an assessment need not be limited to a sin
del.

" implants that include a drug component, at least one study (in multiple animals) shoul
complete in vivo elution profile (in vivo pharmacokinetics) to include drug plasma le
sue levels, and residual drug remaining onthe cardiovascular absorbable implant. Safe
drug containing cardiovascular absorbable implants should include assessment of dose-
ects, including the effect of overdosing (e.g. no drug, nominal drug dose, and 3x overdo
tification can be provided for omission of this type of testing. Local, regional (down-str
temic toxicities should be assessed. Guidance toward the evaluation of drug-device co
ducts can be found in ISO 12417-1.
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appropriate control’ device should be selected. The control may be a non-absorbable implant from

'rent clinical béstpractice with a mechanism of action similar to that of the absorbable card
plant. However;if available, an absorbable best-practice control is preferred since absorbabl
Gsess an inherently different mechanism of action and related local tissue response when
'h a nen=absorbable implant. A rationale should be provided if a control implant is not u
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e implant

(another product), there can be product compatibility issues that may need to be considered for the
animal study design.

In accordance with the specific objectives detailed in 5.6.2, the objective of the study should be clearly
defined in the protocol. The design of the preclinical in vivo testing including the implant route and
procedures, measurement methods, tissue handling, pathological evaluation plan, and data analysis
shall be specified. In addition, the choice of animal model such as species, gender, age, and whether
a healthy animal or disease model is used, shall be justified and shall be consistent with the study
objectives.

Implantation shall be consistent with the recommended instructions for clinical use, as far as permitted
by the limitations of the animal model, including overlap of devices, if applicable. Deviations from the
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device’s [FU should be justified. The protocol should be informed by the study objective and by the range
of uses permitted in the IFU. For example, overlapped stents can provide a worst case for a mechanical
integrity or tissue coverage evaluation. In addition, medications relevant to the implantation (e.g.
anti-platelet therapy) and post-operative management (e.g. analgesics, antibiotics), with animal model
dependent considerations, should follow the intended clinical application.

The use of intravascular imaging of the implant by IVUS or OCT should be defined in the protocol. Such
intravascular imaging can provide additional information on healing and degradation, but can also
pose a risk for tissue damage (e.g. endothelial loss or injury) or implant damage from passing other
devices through or alongside the implant, and this damage can be interpreted inappropriately during
subsequemtassessmrent VS or Ot T measurementsshoutd-beadjustedby compartsomrtoareference
anatomic prea, to compensate for any growth during the course of the study.

All animals in the study shall be monitored daily and examined as determined necessary by appropriate
veterinary staff. All animals shall undergo post-mortem examination, including any that expire prior to
scheduled termination. The cause of death or illness, and the extent to which the implant was implicated
shall be documented. Histological and pathological assessment of explants and appropriate tissugs/
organs shhll be provided. This assessment includes down-stream histopathologicassessments in org¢ler
to assess [potential clinical implications of particulates released from the cardiovascular absorbaple
implant.

Histology|processing steps can affect the retention of either the absorbable material or its degradatjon
products, |or both. This can lead to artefactually accelerated degradation or absence of material that
does not reflect the actual degradation of the device. Implantationstudies to evaluate degradation gnd
biological|response may therefore need to be performed separately:

Quantitatjve morphometrics and qualitative morphologic “assessments can be helpful to the
histopathplogic analysis. Scanning electron microscopycan be helpful to assess completeness| of
endothelialization along the length and circumference of the vessel. Special staining can be necessgry
to investigate neointimal composition, fibrin depositien, or mineralization. Angiographic assessmehts
can be us¢ful in follow-up observations, depending oh the product type.

Recognitipn and adherence to appropriate ahimal husbandry-related precautions can prevent p¢or
outcomes|not related to the product. Referto the Bibliographic references to the US-FDA guidance [for
cardiovasfular animal studies[2], the Institute for Laboratory Animal Research (ILAR) guide for carg¢ of
laboratory animals[2413), and the ISO 12417-1 guide for drug-device combination products for a detailed
listing of the aspects to be considered: Also see ISO 10993-2 (Animal Welfare) and ISO 10993-6 (Lofal
effects affer implantation) for additional guidance on appropriate preclinical laboratory practices.

5.6.4 Dhpta collection

The minignum data, a§’détailed in device relevant parts of the ISO 25539 series or other applicaple
standardy, shall berecorded for each animal receiving a control or cardiovascular absorbable impldnt.
Either ex¢eptions\er considerations, or both, relevant to absorbable implants are detailed in the
preceding 5.7.3\General guidance also is provided in ISO 10993-6 and ISO 10993-11.

5.6.5 Testrepurtandadditiomatinformmation

Results of all animals enrolled in the study shall be recorded and reported even if excluded from the
final analysis.

The test report shall include, as appropriate, those detailed in the ISO 25539 series, the ISO 5840
series, and/or other applicable standards with exceptions or additional considerations pertinent to

3) This guide is authored by the Committee for the Update of the Guide for the Care and Use of Laboratory Animals;
Institute for Laboratory Animal Research (ILAR); Division on Earth and Life Studies (DELS); National Research
Council.
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cardiovascular absorbable implants as detailed in 5.6.3 also being included, as well as the following key
points:

Th
an
iny
de
An|

T

the sample(s);
the International Standard(s) used (i.e. ISO/TS 17137:2021);
the method(s) used (if the standard includes several);

the result(s), including a reference to the clause which explains how the results were cal
otherwise assessed;

culated or

any deviations from the procedure;
any unusual features observed;

the date of the test.
Clinical evaluation

.1 Purpose

e purpose of clinical evaluation is to evaluate the performancé-of the delivery system, if §
1 assess the safety and effectiveness of the absorbable cardioyascular implant. Included in
estigation shall be appropriate testing of any absorbablé cardiovascular implant incd
5ign characteristics for which the safety and effectiveness have not been previously dem
investigation shall be carried out for each new implant device or new clinical application

prior to market approval, using the principles givetin ISO 14155 or an equivalent public

ab

borbable cardiovascular implant shall satisfy all*appropriate preclinical in vitro and in vi

requirements of this document before starting the clinical investigation. Refer to ISO 1

ab
bid

sorbable implants with active pharmaceutical ingredients or degradation products consid
active.

It has been reported in literature thatlate adverse events can occur during the clinical evg

ab
the

sorbable devices (see References [57]%), [58], [60], [61] and [62]). According to current k
re is no in vitro test or in vivg animal study capable of predicting such a behaviour. Theref

should be cautious about the~interpretation of preclinical data regarding the prediction of

cli
an
thd
stg

hical outcomes. The negative clinical outcomes have been related to one specific produc
absorbable polymer(and it is unclear whether other factors such as insufficient clinical {
use of these deviées or off-label use can contribute to these results. Although there is n|

tistical evidence~available at the moment to conclusively assess the long-term clinical

other absorbableimplants, there is no indication of a class effect that would link late adversq

the

4

5.
Th

use of absorbable implants in general.

.2 , ‘Specific objectives

ke objectives of the clinical evaluation shall be informed by the preclinical evaluations that

pplicable,
he clinical
rporating
bnstrated.
fa device
htion. The
[vo testing
P417-1 for
ered to be

luation of
nowledge,
ore, users
long-term
t made of
ractice in
jot enough
success of
events to

have been

performed on the implant (bench and animal testing), and by an analysis of clinical data concerning
safety or performance of the implant, its materials, and similar devices or therapies (particularly
of other absorbable implants evaluated in the same or similar clinical indications). The specific
objectives of the study shall be stated and can include the following, which are relevant for absorbable
cardiovascular implants, as appropriate:

a)

b)

evaluation of the position, structural integrity and functionality of the implant immediately after
placement (and withdrawal, if interventionally placed) as well as at clinically relevant time points

and during intermediate and advanced degradation;

monitoring of local and systemic effects (over time) due to degradation of the material;

4)

©lI

See investigation of over three-year clinical events from persistent, approximately 5 500 Mn PLLA particles.
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c) comparison of the absorbable cardiovascular implant to current clinical best practice, in the form
of a non-inferiority study or a superiority study against an appropriate comparator.

5.7.3 Clinical investigation plan (CIP)

The number of study centers and the number of patients shall be justified. General guidelines for the
CIP can be found in ISO 14155. Guidelines for the evaluation of cardiovascular device-drug combination
implants, including patient selection, duration of follow-up, control groups, clinical end points, data
reporting and analysis are outlined in ISO 12417-1. While these guidelines are specific to device-drug
combination implants, the temporal nature of drug delivery may make these guidelines relevant to
absorbable vascular devices, which have a temporal degradation process.

The durafion of patient follow-up for absorbable cardiovascular implants can differ from‘duraple
cardiovasfular implants. In addition to meeting the objectives of the clinical investigation, the duratjon
of the triall for an absorbable cardiovascular implant shall consider the expected duration’of

a) mechpnical support or structural integrity of the implant,
b) physital presence of the absorbable material or degradation products, and
c¢) complete absorption.

Specifically, the clinical study duration should be guided by both bench and animal studies, and shonld
be sufficignt to capture clinical events at key time points during and/potentially after complete implant
degradatipn. Absorbable metal implants should emphasize the use of animal studies for determinjng
clinical stidy duration, given the challenges with using bench studies for assessing degradation rafes
(see 5.5).

NOTE Regarding hydrolysable polymers, ASTM F2902[3%states that it is important to recognize that fhe
body tempgratures of animal models vary and are typicallyhigher than humans, thereby carrying the potential
to accelerafe the degradation rate when compared with htiirian clinical conditions (see Reference [91]).

A justificdtion shall be required for follow-up_intervals but may be based on ether clinical end poipts
or expect¢d degradation times of interest, ordoth. The follow-up period shall be chosen to represerjt a
realistic tgst of the performance of the implants and to allow any risks associated with adverse devijice
effects to pe identified and assessed. Selected intervals should include the ability to assess the patient’s
response fo loss of the implant’s mechartical properties and generation of potentially elevated amoupts
of degradation products.

Preliminalry prospective, observational studies may be necessary to characterize the absorption of the
absorbable implant and any APIs prior to initiation of the clinical trial. If patients are to be treated wjith
multiple @absorbable cardievascular implants clinically, additive-dose and/or product compatibility
issues of the degradatioh-products and/or any drug component may need to be considered in the clinical
study desjgn. In addition, if degradation products are bioactive, pharmacokinetic studies to assess the
degradatipn products can be needed.

lould identify and include an appropriate comparator or control. A randomized trial poweted
for detectiion’of differences with an existing control device is recommended. Control devices sholild
be contemporary non-absorbable devices, unless absorbable devices have been established as the
preferred mode of treatment in the intended clinical application.

A justification for the number of investigation sites shall be provided. A justification for the number of
patients studied shall also be provided. The calculation of the number of patients to be enrolled shall
take into account patients who will be lost to follow-up.

The duration of patient follow-up shall be determined in relation to the objectives of the clinical
investigation. The duration of follow-up shall also take into account the effect of comorbidities on
the life expectancy of the patient population. All patients treated with either test or control devices,
including those excluded from the final analysis, shall be recorded. The final report shall include all
follow-up data as specified by the investigation plan.
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If an appropriate control is not, or cannot be identified, or a concurrent control is unnecessary, a method
for evaluating the clinical outcomes shall be prospectively defined and justified. The control should be
appropriate to the questions being addressed in the study.

The CIP shall identify the critical data points and end points for the study. Definitions of success and
failure shall also be prospectively defined for all primary and any secondary end points where statistical
analysis (and presentation of descriptive statistics) will be used to support marketing approval.

Careful consideration shall be given to the choice of clinical-investigation-related procedures that
subjects undergo durlng the clmlcal 1nvest1gat10n ThlS may 1nclude mcreased frequency or types
of imaging compa : . , , allow 1ndepth

deployment or positioning, dissection of the target blood vessel, and biological eoverage of thle implant.
The risk of either disrupting the device or the tissue at sensitive stages of dégradation, or both, shall
aldo be considered. Imaging modalities such as angiography or venography‘can be preferred|over IVUS
or OCT at these time points to avoid passing a device through or alongside the implant.

5.7.4 Data collection

IS) 14155 provides specifications on the use of case report'forms for capturing the data for each
enfolled subject as required by the CIP. Additional specifications for absorbable vasculai implants
indluding an API are provided in ISO 12417-1. The following data may be particularly relevant for
abgorbable implants and shall be recorded for each patient in the study:

a) | Relevant medications taken prior to and post-surgery, such as antithrombotics or antibiotics,
during the hospital stay, and prescribed attdischarge. Because there can be some unahticipated
interactions between the absorbable implant and pre- or post-operative medications, especially
those that include an API, consider capturing all medications.

b) | Reportable clinical events as defined'by the protocol. Special care should be taken when adjudicating
an adverse event to be non-implant related, since effects of either material degradation|or AP]I, or
both, may be observed systemically or at sites distal to the implant site.

5.7.5 Final report

In [addition to the fipal-clinical investigation reporting of specifications outlined in ISO 14155 and
ISQ 12417-1, a ratignale shall be provided for the selection of patient follow-up intervals ahd for the
selection of assessniénts at each time point based on the degradation profile of the implant.

5.8 Post<market surveillance

A pystematic procedure to review post-market experience gained from absorbable cardjovascular
implants shall be in place, using the principles given in ISO 14630, ISO 14971, ISO/TR 20416, or an
equivalent publication. For absorbable cardiovascular implants, post-market surveillance shall consider
the expected time course of implant degradation as determined from preclinical testing. Investigators
should be aware that late adverse events have been observed at the final stages of the degradation
process of absorbable cardiovascular devices.

5.9 Select clinical trials of absorbable cardiovascular implants

The following provides a non-exhaustive listing of potentially useful articles of clinical trials for various
cardiovascular absorbable implant applications. These articles can provide added insights as to the
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