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Foreword

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

:2014(E)

Absorbable cardiovascular implants are medical devices with various clinical indications for use in the
human cardiovascular blood system. An absorbable cardiovascular implant, or atleast a portion thereof,
is designed to intentionally degrade over time into products that are absorbed by the body through
metabolism, assimilation, and/or excretion (elimination). Such implants can be either surgically or
interventionally introduced to the site of treatment.

This Technical Specification outlines requirements for intended performance, design attributes,
ma fpriq]c’ dpcign pvn]nafinn, mnnnf;\{‘h]ring’ cfpri|i7nh'nn, pq(‘l(nging, and information cnpp]

ied by the

mgnufacturer. This Technical Specification should be considered as a supplement to ISO 146

sp
Sp

pcifies general requirements for the performance of non-active surgical implants.cThis
pcification should also be considered as a supplement to relevant device-specific standards s

IS 25539 series specifying requirements for endovascular devices, which do notaddress dg

an

Th
of
ph

1 other time dependent aspects of absorbable implants and coatings.

is Technical Specification is not comprehensive with respect to the pharmacological {
cardiovascular absorbable implants. More detailed safety and performance require
hrmacological agentsincluded in the absorbable cardiovascularimplantare described in ISO

Onfly issues related to absorption combined with the cardiovascular implant are coversg

Te

Chnical Specification.

NOTE For issues related to the common mechanical function 6fthe cardiovascular implant, the r¢
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Cardiovascular implants and extracorporeal systems —
Cardiovascular absorbable implants
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andardized in vitro tests and clinical results are not always available. As further scientific and c

diovascular implants.

Due to the variations in the design of implants covered by this Technical Specifi¢cation a

ome available, appropriate revision of this Technical Specification will be necessary.

" the purpose of this Technical Specification the terms “vessel and/orvascular space” re
ire circulatory system, including the heart and all vasculature.

iis Technical Specification is applicable to implants in direct contact'with the cardiovascul
ere the intended action is upon the circulatory system. This te¢hnical specification does n
specific evaluation of issues associated with viable tissues,&iable cells, and/or implants
ble biological materials and their derivatives. Additionally, procedures and devices used pi
owing the introduction of the absorbable cardiovascular implant (e.g. balloon angioplast
excluded from the scope of this Technical Specification if they do not affect the absorption
implant. A cardiovascular absorbable implant mayincorporate substance(s) which, ifused s
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ing
references, the latest edition of the referenced document (including any amendments) applieq.
IS(

IS(

Cillary to that of the implant and supports the primary mode of action of the implant.

TE Some aspects of absorbable compenents of cardiovascular device-drug combination pr

tings) in their connection with drug-related aspects of the device are addressed in ISO/TS 12417.
Normative references

ispensable for its application. For dated references, only the edition cited applies. Fo

10993 (all parts)) Biological evaluation of medical devices

11135-1, Sterilization of health care products — Ethylene oxide — Part 1: Requirements for dey

ducts (e.g.

e following documents, ifi Whole or in part, are normatively referenced in this document and are

 undated

belopment,

mbination

validation gad routine control of a sterilization process for medical devices
ISQ 11437 (all parts), Sterilization of health care products — Radiation

I/PC 12417 (Caordiavuaceyday jmanlantc and avtranoypnaynal cuctapac Vaceylar dovicn dyyiqy -~
IS(JI 19U 1o 1107, wuruivvuocturur llllHlMlltJ urru b(\tl “ucTyur tJUI ocur J.)'thllld vuoocuirur ucvice ur My A>3
products

[SO 14155:2011, Clinical Investigation of Medical Devices for Human Subjects — Good Clinical Practice

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

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 14971:2007, Medical devices — Application of risk management to medical devices

ISO/TR 15499, Biological evaluation of medical devices — Guidance on the conduct of biological evaluation
within a risk management process

©lI
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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

IS0 25539-2:2008, Cardiovascular implants — Endovascular devices — Part 2: Vascular stents
ISO 5840 (all parts), Cardiovascular implants — Cardiac valve prostheses

[SO 11607-1:2006, Packaging for terminally sterilized medical devices — Part 1: Requirements for materials,
sterile barrier systems and packaging systems

IEC 62366, Medical devices — Application of usability engineering to medical devices

ASTM F2394-07(2013), Standard Guide for Measuring Securement of Balloon Expandable Vasculax Stent
Mounted dn Delivery System

3 Terms and definitions
For the pyrposes of this document, the following terms and definitions apply.

31

absorb
<biomatefials> action of a non-endogenous (foreign) material or substanee passing through or being
assimilatdd by cells and/or tissue over time

3.2
degradatjon product (noun)
byprodugt (noun)

any intermediate or final result from the physical, metabolic, and/or chemical decomposition of a
material dr substance

3.3
degrade (verb)
to physicqlly, metabolically, and/or chemically~decompose a material or substance

34
leachabldq (adjective)
substancgs that can be released fromma'medical device or material during clinical use

Note 1 to eptry: In absorbable deviees;leachables may be substances released from the as-manufactured product
or substanfes generated and released as a consequence of its degradation (i.e. degradation products).

4 Implant considerations

4.1 C(Classification

A cardiovlaseular absorbable implant is a product that is considered to be a medical device that
accomplis res-its-intended—clintcat-use—and per fornmanceover-adefired-time per tod—Acardiovascular
absorbable implant accomplishes its intended clinical use and is then absorbed by the body over a finite
period of time. The implant’s temporary nature is provided by its ability to degrade and the resulting
products’ ability to be metabolized, assimilated, and/or excreted (eliminated) over time.

An absorbable cardiovascular implant may also incorporate a medicinal substance. However, for the
purposes of this Technical Specification, if the action of the medicinal substance is ancillary to a device’s
primary mode of action, the product is considered to be a surgical implant.

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

2 © ISO 2014 - All rights reserved
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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 patient’s safety:
a) intended purpose(s);

b) intended lifetime.

4.3 Intended clinical use

ThL intended clinical location shall be identified as one or more of the following:
a) | abdominal aorta;

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

d)| coronary artery;

e) | coronary 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)| tibial artery;

n) | other arterial or venous'vessels to be specified.

4.4 Materials

TZE requirements of ISO 14630:2012, Clause 6, shall apply.
A

abgarbable materials dependent on shape memory properties should be subjected to te

itional testing appropriate to specific material types (e.g. metals, polymers, drugs]
pefformed-to determine material acceptability for use in the design. For example, a genera
asgessing absorbable polymeric implants can be found in ASTM F2902. In a more specifid

shall be
guide for
example,

sting that

assSEsSEs tramsformmation properties. For drug-etuting absorbabte tmplamnts, drug fdemntity testing shall
be performed, including the identification of impurities and degradants. Electro-chemical potentials of
differing metals (stents, guidewires, other accessory devices) might require additional types of testing.

4.5 Packaging, labelling, and sterilization
4.5.1 Packaging

4.5.1.1 General

The requirements of ISO 11607-1:2006 and I1SO 14630:2012, Clause 10 shall apply.

© IS0 2014 - All rights reserved
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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 conditions
of handling, storage and transport such that device specifications are maintained.

For devices that are supplied sterile, the sterile barrier shall be maintained to permit the contents to be
presented for use in an aseptic manner.

4.5.1.2

For absor
the effect
specificat
degradati
package i

al = | - £ i) ') 1.1 | '
LUIISTUTT AUIUILIS 1TUT AUSUT UAUIT Prouuct

bable products, non-standard packaging attributes may be needed to mitigate or elimin
5 of environmental factors in order to maintain the physical, chemical and/or mechani
ons of the implant. Where the absorbable product is susceptible to hydrolyticor corros
bn, consideration should be given toward the control and/or removal of meisture from

hterior (e.g. through the use of moisture resistant packaging materials and/or desiccan

hte
cal
ive
he
[S).

In additign, absorbable products may also be susceptible to physical, chemicali“and/or mechani

degradati
or exceed

physical and chemical state of the implant. Therefore, storage conditions shetuld be specified that li

the temps
4.5.2 Ld

4.5.2.1
Each devi

The requ
supplied 4

NOTE

a) name

rature range and time limit of implant exposure.
belling

Label(s)
Ce shall be accompanied by one or more labels, orie on each of the containers.

rements of 1ISO 14630:2012, Clause 11, shall apply, with the following information to
s part of the label(s):

Items with particular relevance to abserbable implants are italicised.

or trade name of the device;

b) recompmendations for storage;theactual modelled storage range determined to be acceptable for

packa
there

c) descr

d) sizea

ged device, taking into ‘eansideration the absorbable properties of the device or compone
Df;

ption and/or list©f the package contents;

hd device type (if applicable);

e) dimensionsapplicable for clinical use;

f) steril

zation method and the notification ‘STERILE’ if applicable;

al

bn under extreme temperature conditions. For example, storage at temperatures thatapproach
the glass transition temperature of absorbable polymeric productsmight adversely affect the

it

be

he
hts

g) for implants supplied sterile, a warning against the use of the device if the package is damaged;

h) reference to consult Instructions for Use for user information;

i) chemical nature of any storage medium in the unit container, with appropriate hazard warning.

4.5.2.2 Instructions for use (IFU)

The requirements of ISO 14630:2012, Clause 11, shall apply together with the following information to
be included, if applicable:

a) name

or trade name of the device;

© ISO 2014 - All rights reserved
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recommendations for storage; the actual modelled storage range determined to be acceptable for the

packaged device, taking into consideration the absorbable properties of the implant or co
there-of;

mponents

statement that the device can or cannot be re-sterilized, including the statements ‘STERILE’, ‘DO

NOT RESTERILIZE’ in prominent form, if applicable;
the statement ‘SINGLE USE ONLY’ in prominent form, if applicable;

description and/or list of the package contents;

j)
k)
D)

r)

4.5

.3 Sterilization

4.5

available models and sizes applicable for intended clinical use;

identification and description of the absorbable device or components thereof;

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

a general description of the principle of degradation along with both therexpected time
loss of mechanical properties and in vivo absorption of the implant;

intended use/indications for use;
contraindications, warnings and precautions;

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

potential adverse events, including known adverse events associated with implant (
thereof) degradation and/or in vivo absorptiotiprocess;

recommended methods for the aseptic presentation and preparation of the implant consi
potential for interaction of the absorbable material with the environment or materials u{

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

if the implant is metallje; electrically conductive, or contains metallic or electrically d
components, MRI safety-information shall be provided, including any potential impa
accompanying radio, frequency (RF)-induced temperature rise may have on the 4

)

frame for

handling,
rocedural

r portion

Hering the
ed;

onductive
ct that an
bsorbable

properties of theCimiplant or components thereof. Provided information may also include a post-

implantation time period after which safety MRI precautions are no longer relevant or n¢

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

eded;

evised.

31 General

The requirements of ISO 14630:2012, Clause 9, 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.

© IS0 2014 - All rights reserved
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4.5.3.2 Radiation sterilization

If devices are to be sterilized by gamma, electron beam or X-ray radiation sterilization, ISO 11137 Parts
1,2 and 3 shall apply, including the Part 1 provision that the product meet its performance specifications
throughout its intended lifetime at its maximum acceptable dose.

NOTE Radiation sterilization (of polymers) commonly results in a residual presence of free radicals and an
increase in the rate of degradation.

4.5.3.3 Ethylene oxide sterilization

If devices|are to be sterilized by ethylene oxide, ISO 11135-1 shall apply, including the provision that
the product meet its performance specifications at the most challenging parameters. Ethylene oxjde
sterilizatipn processes involve exposure to heat and humidity parameters that may impact absorbaple
material groperties that could in turn impact product performance specifications.

4.5.3.4 $team sterilization

If devices|are to be sterilized by steam, ISO 17665-1 shall apply. Steam may not-be'a viable sterilizat]on
option sirjce hydrolysable polymers are highly susceptible to uncontrollable damage under autoclgve
condition$.

4.5.3.5 Alternative sterilization

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

4.6 Risk management

4.6.1 Géneral
The manulffacturer shall define and implementaTisk management system in accordance with ISO 149[71.

The entirg system shall provide intended users the ability to safely and effectively perform all requifed
preoperatiive, intra-operative, and pastoperative procedural tasks and achieve all desired objectiyes.
This shalllinclude all other tools and accessories that intended users will use to complete the procedure.

NOTE For guidance on how to determine and establish design attributes pertaining to the use of the systfem
to conduct(the implant procedu¥e) see ANSI/AAMI HE74 and IEC 62366.

4.6.2 Fdilure modes

There exift three groups of failure modes. Examples of possible failure within each group specifiq to
absorbable cardievascular implants include the following:

Design related: One or more implant design deficiencies (e.g. materials, dimensions, constructipn)
can result In unintended functional failure (e.g. selection of an absorbable material that degrades
prematurely). In addition, implant design should provide a safety margin adequate to provide functional
integrity in all clinical indications (e.g. force differences in the coronary vs tibial artery).

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

Application/User Interface related: Unintended (abnormal) use errors (e.g. over-expansion resulting
in excessive particulate/fragment generation at implantation) as described in IEC 62366. Intended

6 © ISO 2014 - All rights reserved
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(correct) use errors (e.g. unable to deliver device past tortuous anatomy that was not excluded in the
[FU).

NOTE ISO 25539-2:2008, Annex C and ISO 5840-3:2013, Annex G. contain lists of potential cardiovascular
hazards that can provide basis for a risk analysis of an absorbable implant.

4.6.3 Risk mitigation

These risks can be mitigated by three mechanisms (see also ISO 14971:2007, A.2.6.2):

a) inherent safetv by dpcign-

b) | protective measures in the medical device itself or in the manufacturing process;

c) | information for safety.

4.6.4 Specific aspects for absorbable implants

Absorbable implants exhibit time dependent sensitivities to temperatureand moisture due to the
degradable/corrosive nature of these implant materials. Therefore, thé whole life cycle of the implant
frdm the raw material up to the complete absorption of the implait’should be analysed c3refully to
idgntify the potential for risk related to premature degradation during processing, distribption, and
implantation (see Figure 1). Potential means for mitigating such risks is discussed at varioug locations
throughout this Technical Specification.

p Validation: BN\ Design Validation:
rocess Validation: \(\Q) (Distribution &
(Manufacturing Process) X .
N Implantation)
@
xO

Outer Box
Packaging

Shipping
Container

Assembled
Device

=

Inmjplantation
tnter- 11 feriod/
vention bsorption

Storage at
distribution
Site / Hospital

Storage

cececceccsdecccscessessee

. O Start Shelf Ii\fe

1

o
Time Axis:
Life Cycle of one single Hevice

-4

Shipment

Figure 1 — Life cycle of one single device/implant

5 Design verification and validation — Testing and analysis

5.1 Overview

A general characterization of the implant’s composition, structural features, and degradation properties
needs to be included in a design verification or validation. The relevant material and mechanical
properties of the as-manufactured implant should be characterized from its initial pre-implanted

© ISO 2014 - All rights reserved 7
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state until measurement of the degraded implant becomes impractical. An overview of the assessment
guidance provided herein is as follows:

Clause 5.2 Summarizes the in vitro evaluation steps and describes general considerations and
relevant pre-test characterizations and treatments.

Clause 5.3 guides product assessment from opening of the package through simulated vessel closure,
which includes the delivery, placement, and initial function of the device (depicted as Procedural

Stage

Claus

in Figure 2).

e 5.4 addresses appropriate characterization of the post-procedure mechanical, dimensional,

mass,| and chemical changes that occur as the implant (and any included coating) adjust te

physi
Stage

blogical environment and encounter degradation over time (depicted as the Intepmedi
in Figure 2).

Clausg 5.5 discusses some of the issues and potential barriers to successful generationjofa correlat
betwegen in vitro and in vivo results.

b 5.6 describes biocompatibility testing of absorbable implants, including reéference to spec
guidajnce for testing in accordance with the various parts of ISO 10993.

he
hte

on

fic

b 5.7 covers both cardiovascular and absorbable specific concerns’when conducting a pjre-

icpl in vivo evaluation.

b 5.8 covers absorbable-specific concerns when conducting.a clinical evaluation

e 5.9 covers shelf-life and product aging considerations,

© ISO 2014 - All rights reserved
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o

Figure 2 — Schematic repgg’entation of stages in the degradation of an absorbable i

O

this example figure, &&ecline in mechanical attributes is schematically represented thr
htermediate Stage’ comparison with the time frame for implantation (“Procedural St

period between-less of mechanical integrity and final in vivo resolution of the implant (|
ge”). The de tion profile for some materials may exhibit alternate trends but gen
lude a deca
pertine uation intervals, potentially throughout both the Intermediate and Advan
degra n. Also, note that the graphically depicted Measurement Limit and Acceptang

mplant

pugh time
age”) and
[Advanced
erally will

measurement limits. Relevant non-mechanical attributes should also be monitored

red stages
e Criteria
product’s

b h& etical values that will vary dependent on measurement methods and the specifid
11@5 ristics and performance requirements.

5.2 Considerations in the characterization and assessment of material and implant
properties

5.2.1 General considerations

A non-exhaustive listing of material and implant characteristics that should be considered for inclusion
and subsequent assessment are:

a)

composition/chemical/purity properties (e.g. molecular weight, inherent viscosity)

, thermal

properties (e.g. polymeric Tg, melting point), and microstructure [e.g. degree of crystallinity (in

polymers), grain size (in metals), pore characterization (in porous constructs)];
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b) corrosion/degradation mechanism and rate profiling, including consideration of potential variations
and/or material interactions in different applicable environments (e.g. extreme storage or in vivo
service conditions);

c) changes that occur over the lifetime of the implant with respect to its chemical, thermal, and/or
physical properties (e.g. molecular weight, mass), as well as the implant’s mechanical behaviour and
degradation products.

NOTE1 Degradation products may be released into the media/tissue or reside in the degrading implant.
Released degradation products that are generated either prlor to product use (1 e.during processmg or shelf-
life) orduring degradation shouldbe characterized (e.g.ch lid d .Identification
of the [degradation products may be derived from chemlcal analyses of the implant or a theoretical analyskis.
Literafure data for implants manufactured from absorbable materials with an established history'ef safe
clinicdl use (e.g. PGA) at the intended location may be helpful in identifying expected degradationyproducts
and pptential toxicities - if one can demonstrate that equivalent manufacturing processes syeré used. A
toxicoJogical risk assessment of degradation products over time in conjunction with toxicity data from fhe
literatfure may be sufficient to support an omission of biocompatibility testing from various’stages of matefial
degraglation (either during device storage or in clinical use).

NOTE[2  Guidance regarding the identification and assessment of chemical dégradation products gnd
leachgbles may be found in ISO 10993, parts 9 and 17.

d) integrity of the implant under both normal and extreme handling andiin vivo service expectatiois.

e) anticipated impact of clinically utilized visibility methods (for-example, X-ray, MRI, ultrasoupd,
OCT) |on the material and/or implant (e.g. effects of magneticifields). Consideration should also[be
made(regarding potential for interaction with other commonly used implants.

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

Ajustificakion or rationale shall be provided for the partial or full omission of testingregarding potentiglly
relevant chemical, mechanical, or structural attributes. For example a rationale is not needed to justify
omission pf stent securement testing during.n vitro degradation since the attribute is only relevant
during the¢ Procedural Stage (can ignore or deSignate as “not applicable”). Conversely, a rationale may|be
required for radial force characterization during only a portion of the Intermediate Stage.

Since it ip impossible to take intoSeonsideration all current and future technologies, absorbaple
cardiovasfular implants evaluated following the basic requirements of this specification can also nged
additiona] testing to adequately, characterize a device system. When deciding on the type of test{ng
that is neg¢ded, considerationssheuld be given to the device’s failure mode(s) and the related effects they
may have|on the performancé of the implant and/or implant component. In addition, the applicability
of standafds such as ISO/TS 12417 regarding drug-device combination products and ISO 25539-2
regarding| endovascular-devices need to be considered. Whenever changes are made in materials,
constructjon, configuration, application or processing methods, appropriate analyses need to |be
undertaken regarding the potential impact the change may have on the failure modes and performance
of the abs¢rbablé implant or component. The use of a control device for comparison should be considered
when evaluating performance of the implant’s design attributes.

All test samples shall be complete final sterilized devices. If the evaluated samples are comprised of
implant components/subcomponents that are not sterilized or otherwise differ from final devices, a
justification shall be provided.

Establishment of product shelf life shall be through evaluation of one or more appropriate implant
performance tests conducted on the final product (see 5.9), with justification for the selection of tests
provided. Refer to ASTM F2914 for guidance in selecting appropriate tests for the determination of
shelflife in endovascular devices. If different finished-product manufacturing sites are used, generation
of appropriate batch release/stability data including appropriate performance specifications to ensure
the consistency and equivalency of the finished product across manufacturing sites should also be
considered.
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5.2.2 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), stability, and/or purity. While this standard 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/TS 12417.
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.3 Summary of in vitro evaluation steps
e following provides an outline of implant characterizations described within this segtion.
Section 5.3 - In vitro procedural assessment
— Section 5.3.1 - Conditioning of test samples
— Unpacking;
— Preparation of device per IFU.
— Section 5.3.2 - Assessment of delivery and placement
— Insertion through sheath or guide catheter, if inferventionally placed;
— Advancement to target lesion;
— Utilizing vascular tracking model;
— Implantation/deployment.
— Section 5.3.3 Assessment of initialfunction post-deployment

— Includes assurance that.the device fulfills design requirements through placg
closure (e.g provides ddequate radial crush resistance).

Section 5.4 - In vitro degradation assessment (post procedure)

kage, this section refefs to the period post-placement where exposure to the physiological enviro
ntentional degradation of the implant.

efly, this section/describes how relevant properties of the as-manufactured implant are cha
m its initial pre-implanted state until monitoring of the relevant attribute in the partially
plant becomes impractical due to measurement limitations. The following provides a des

progfession of degradation for absorbable implants following procedural placement (a
Figuré 2). Characterization of degradation shall be completed as relevant for the attributg
mebeing evaluated.

ment and

TE While degradation)can occur at any stage, even during manufacture and before ope;Iing of the

ment leads

racterized
degraded
‘ription of
5 depicted
and time

©lI

Equilibrium

— Equilibrium encompasses changes driven by implant adaptation to the physical environment
and not changes that occur as a result of degradation of the absorbable material. The actual

duration of this equilibrium process can be considered as implant dependent, ran

ging from

immediate (i.e. upon deployment), as could be expected with metallic implants, to days, as
could be the case for a full hydration of some polymers. Equilibrium duration is also dependent

on the mechanical property being measured.
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— Otherthanexperimentallyapproximatingthetime pointwhereequilibrationoccurs (Equilibrium
Point) for the system being evaluated and the relevant characteristic (e.g. strength), no further
direct characterization is needed.

— Intermediate Stage

— This stage of degradation spans from the end of the Procedural Stage to where integrity of the
implant is no longer detectable.

— The acquired 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
plant is unable to be measured.

ced Stage

— This stage of degradation spans from the time point when the mechanical attributéyis unablg to
be measured to the full absorption of the implant, as determined by the substantial absence of
flagmentation particles, gels, or other physical degradation products - regardless of whether the
ithplantis evaluated in an in vitro or an in vivo context. While mechanical ¢haracterization of the
degradingimplantwillbeinherentlylimited to the Intermediate Stage, material characterizatjon
nmay continue through the Advanced Stage until evaluation becomes{mpractical or the acquirted
dhta are below the quantification limit or is no longer meaningful

5.3 initro procedural assessment

5.3.1 Cdnditioning of test samples

Pre-treatment/conditioning of the samples should simulate relevant procedural steps described in the
instructixs for use (IFU) and exercised prior to insertion of the device. This includes all preparatjon
activities |[from opening of the package up to, but mét including, introduction into the vasculature.
Introductjon or post-insertion activities, such as tracking through a simulated vasculature, and devjice
deploymeht are described in the following procedural-related subsections.

5.3.2 Agsessment of delivery and placement

An assessment of the device’s ability-to:be reliably implanted (via either percutaneous access or surgifcal
placement) needs to be included in a-design verification or validation. The design attributes necessary
to meet tHe intended performanceof a delivery system can be summarized by the following:

a) the ability of the delivery system to permit consistent, accurate and safe access to the intended
locatipn;

b) the ahility of the delivery system to permit consistent, accurate and safe deployment and placement
of the|absorbable implant;

c) thealilityof the delivery system to permit consistent and safe withdrawal of all necessary auxiligry
devices;

d) the ability of the delivery system to be adequately visualized under fluoroscopy or other relevant
imaging technologies.

For additional general guidance regarding the assessment of intravascular implant delivery systems,
see:

— Guidance for Industry and FDA Staff - Non-Clinical Engineering Tests and Recommended Labelling
for Intravascular Stents and Associated Delivery Systems (issued: April 18, 2010)

http://www.fda.gov/MedicalDevices/DeviceRegulationandGuidance/GuidanceDocuments/
ucm071863.htm

— IS0 25539-2 Cardiovascular implants - Endovascular devices, Part 2 - Vascular stents
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— ASTM F2394-07(2013) Standard Guide for Measuring Securement of Balloon Expandable Vascular
Stent Mounted on Delivery System

5.3.3 Assessment of initial function post-deployment

The ability of the absorbable implant to meet its initial functional design performance specification
should be assessed immediately after placement. The ability of the implant to be reliably deployed,
placed, and then remain in its initially targeted position is essential for clinical success, regardless of
any subsequent enhancement or decline in mechanical properties. Structural characterization of the
implant immediately post-placement is conducted on devices that have been fully pre-conditioned as
de$cribed in 5.3.1. Considerations for inclusion in the initial functional performance specifi¢ation and
the¢ characterization of the deployed implant can be summarized as follows:

a) | confirmation of adequate mechanical (structural) integrity post-deployment (e.g./absence of any
unintended loss of strength);

b) | identification of any strut fractures or de-laminations of the coating(s);

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

d)| absence of shrinkage/swelling of product in excess of design expectations (e.g from fluid{uptake or
physical factors such as creep while under storage);

e) | confirmation of the post-placement ability to determirie’the intravascular location of th¢ deployed
implant by radiological or other imaging procedure,

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

5.4 invitro degradation assessment (post procedure)

5.4.1 General

ThE objective of this section is to-guide characterization of the chemical, mechanical, dimengional, and
strjuctural loss changes that ogcur over time in the implant and/or any included coating (as illustrated
in Figure 2). Relevant propetties of the as-manufactured implant are characterized from its initial pre-
implanted state (as described in Section 5.3) until mechanical measurement of the degradgd implant
befomes impractical and/with sufficient resolution to capture clinically relevant phenomenp. Prior to
unfertaking the deseribed evaluations, the implant needs to be prepared and procedurally deployed
in p manner consistent with clinical use as described in 5.3 and illustrated as the Procedural Stage in
Figure 2. All testsamples tested should be finished sterilized devices.

5.4.2 Implant integrity

5.4.21 Mechanical evaluation

When characterizing the degradation of implant over time, changes in relevant mechanical and/or
performance properties need to be evaluated under simulated in vivo conditions. Such degradation is
simulated by immersion in a physiologically-relevant pH stable aqueous solution maintained at (37 * 2)°
C (ASTM F1635, ISO 13781). With adequate justification and validation, non-physiologic thermal
conditions may be used to accelerate degradation. For some anticipated in vivo environments, the user
may consider possible interactions of the expected physiologic loading conditions on degradation.

If the implant or implant component is expected to undergo minimal loading post implantation,
mechanical evaluations may be conducted on samples that are unloaded during conditioning. Conversely,
if the implant is expected to be subjected to mechanical loading while in vivo, it is important to consider
characterizing the influence that static (constant) and/or fatigue (cyclic) loading may have on the
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mechanical performance of the degrading implant (“mechanical degradation”). The type and magnitude
of the applied loading needs to be representative of anticipated physiological conditions.

If accelerated loading is applied, the test condition should consider synchronizing the chemical
degradation rate of the implant with the accelerated loading rate. A justification should be provided
if accelerated loading and degradation are not synchronized. Additional tests to quantify the impact
of degradation loading on the implant’s mechanical properties and/or performance 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, e.g. from the standards series of ISO 25539 or ISO 5840.

Mechanicgl evaluations shall be performed at time intervals appropriate for the characteristicsygnd
longevity |of the implant(s) being evaluated. The selected evaluation points need to characterize the
time courpe of the Intermediate stage of degradation (as illustrated in Figure 2), which spans from the
end of thel Procedural Stage to the time point where the mechanical integrity of the implant\or implant
componen)t can no longer be measured. Mechanical properties of the implant during theiAdvanced Stgge
of degradation between loss of integrity and histological resolution are not evaluated:

Whenever it is reasonably practical, the specimen shall be evaluated for its méchanical performance
directly i a fully-immersed state at 37 °C. For those mechanical tests that cannot be performed when
fully immersed, the implant may be removed from the conditioning enwironment prior to testipg.
However, fare should be exercised to ensure that the sample does not dehydrate or change its propertfies
due to logs of fluid as the test is being performed. A justification fotrmechanical tests necessitating
evaluation under dry, room temperature conditions shall be provided,

5.4.2.2 (yclic fatigue durability

Evaluatiof of fatigue durability is to assess the long-term structural integrity of the absorbable implant
(or implangt component) under cyclic physiologic loading: conditions. Such in vitro fatigue testing shall
be of sufficient duration to characterize the anticipatéd functional life of the implant, which may vary
depending on the design attribute being evaluated T hat period begins upon placement (end of Procedufral
Stage) and continues into the Intermediate Stage‘(see Figure 2). Evaluation shall be performed ungler
physiolog]cally relevant or accelerated immerision conditions.

5.4.2.3 Physical characterization of.degradation/corrosion

Evaluatiop of the physical degradation of the implant needs to be evaluated under in vitro conditigns
that are a$ representative as pgssible to expected in vivo use conditions.

Potential guidance for theeléction of appropriate assessment methods and procedures are:

— Polynpers - ISO 10993-13;
— Ceramics - ISO~10993-14;
— Metals and alloys - ISO 10993-15.

NOTE1 'Metal degradation can occur through numerous mechanisms, which can Include pitting, irectting,
crevice and galvanic corrosion.

Evaluations shall be performed on implants that after sterilization and removal from packaging are
immersed and then deployed into a physiologically relevant fluid and temperature. The evaluation
requires special attention toward the following:

a) Duration of implantation procedure and volume of injected auxiliary fluids (e.g. saline or contrast
media).

NOTE 2  The hydration behaviour of the absorbable implant and/or component needs to be considered

with respect to any expected clinical preparation activities as well as to the duration of immersion in the
solution.
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b) Contact or exposure time to the physiologically relevant solution (e.g. contrast media, blood, body
fluid and/or tissue).

NOTE 3 In addition to monitoring the overall loss of the implant’s physical and morphological properties over
time, any preferential (i.e. non-homogeneous) degradation should be identified. If non-homogenous degradation
(e.g. due to stress concentration) is present and potentially significant, then further investigation of the physical

and/or chemical properties in that region may be undertaken.

5.4.2.4 Material composition assessment
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broducts, trace metals/catalysts) shall be identified and their impact on degradation éw
ded in ISO 10993-18. The significance of potential alterations to the composition and/or
perties of the implant over its lifetime shall be evaluated, the scope of which may, include-
ited to - molecular weight loss and thermo-mechanical properties [e.g. degree oficrystallin
e of polymers)]. Degradation products that are released into the surrounding media or tiss
characterized [see Section 5.2.1 c}]. Quantification of each expected compdnent is to be u
in analytic level that ensures the final degraded implant will be suitable fep the intended aj

.2.5 Other property assessments

.2.5.1 Corrosion/degradation

e biocompatibility of the particulate matter and/or soluble’degradation products generat
ting is addressed in 5.6.

hough absorbable metals will corrode under most'n vitro test conditions, no correlation is
bwn to exist between those in vitro tests and'actual in vivo results. Thus, common
essments (e.g. ASTM F2129) of metallic abserbable implants are inappropriate and are th
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required. Initial estimates for the degradatiomn time frame of the degradable metallic implant shall be
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5.4

fained through alternate methods (e.g.dnimal studies).

.2.5.2  Evaluate clinically usingrelevant imaging modalities

Deyice safety and compatibilitytwith clinically relevant imaging modalities shall be evaluated.
5.4.2.5.3 Radiopacity

The radiopacity of the device shall be characterized, confirming adequate visibility of the devi¢e location
unfer fluoroscopicimaging equipment at a time point or points relevant to the device application.
Flyoroscopic radio“opacity is required only at placement (Figure 2 - Procedural Stage), with agsessment
optional during-later stages of degradation.

5.4.2.5.4~ MRI compatiblity

MRI cnﬁ:-fy shallbeassessed for any absorbable implqnﬂ'hnf containsa pnfpnfin] magnetismsus “eptibi]ity
or electrically conductive metallic component.

NOTE

Assessmentof RFinduced heating during MRI can be found in ASTM F2182. Assessment of magnetically

induced displacement force can be found in ASTM F2052. Assessment of magnetically induced torque can be
found in ASTM F2213. Assessment of image artefact can be found in ASTM F2119. Recommendations for MRI
Labelling can be found in ASTM F2503.

5.5

in vitro-in vivo correlation (IVIVC)

Correlation 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
information currently exists to formalize such correlation steps and/or attributes. In addition, the
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degree of necessary correlation between in vitro and in vivo measures may vary by implant type and
clinical indication.

Correlation may be sought for the following areas:
— degradation time frames and mechanism(s);
— in case of drug components, drug release rate and mechanism.

Absorbable metals will corrode during most in vitro tests, the rate of which will vary depending on the
test conditions; however, no correlation or preferred method is currently known to exist between in
vitro testdand in vivo results.

Isolation pf the explanted partially degraded implant for analytical or physical investigation may
require tigsue dissection and removal, possibly through chemical digestion. When removing tissue|by
chemical means, care should be undertaken to choose solvents and digestion agents that o not further
degrade the implant of interest. However, such practices may become impractical or“impossible wjith
some matgrials and/or stages of degradation.

5.6 Biocompatibility

5.6.1 G¢neral considerations

Biological|evaluation is the assessment of the ability of a device, defrice component, or a material to|be
present inthe body without creating an adverse systemic impactarnd/or local effect on the surroundjng
cells and/or tissue. Biological evaluation of an absorbable material is to be conducted in accordance
with ISO 10993-1 and other relevant parts (see 10993-1:2009, Table A.1). General guidance regard|ng
evaluation of devices in accordance with ISO 10993 can befound in ISO/TR 15499.

By design] polymeric, ceramic, or metallic absorbabléZmaterials inherently produce low molar andfor
atomic mass products when in vivo. The relatively-elevated presence of these same products within
the culturle media can potentially impact the resiults of some biocompatibility tests. For example, if the
degradatipn rate of an absorbable material isstifficiently rapid, elevated concentrations of one or mgre
of the int¢nded products could alter the pHvand/or osmolality of an in vitro test system. Since thq in
vivo condition provides the combined presénce of perfusion and carbonate equilibria, when evaluati{ng
intentionglly degradable materials it eairbe considered acceptable, if necessary, to adjust the in vitro test
solution pH (via addition of HCI or-NaOH) and/or osmolality (via dilution) to bring the cell culture into
a physiolagically relevant condition’- thereby allowing evaluation for other causation and provided the
correlatinjg effect on the test system is documented within the test report. To directly address these gnd
other abs¢rbable-specific method concerns, a list of relevant testing precautions for each of the 10993
parts has peen compiledand is presented in [SO/TR 37137.

Since absprbable materials are intended to degrade, potential exists for generation of transient
particulatie matter'as the implant breaks down. While an understanding of the potential clinical imppct
of such dggradation is needed a separate biocompatibility assessment of the absorbable particulates

Guidance regarding the determlnatlon of whether 1dent1flcat10n and/or quantification of partlculates is
needed can be found in ISO 10993-9:2009, Annex A.

5.6.2 Sterilization considerations

Evaluations are to be conducted post-sterilization, either separately or as part of the as-manufactured
device. While biological evaluation can be conducted on any component atany stage in the manufacturing
process, finished product evaluation needs to be conducted following terminal sterilization ata level that
meets or exceeds anticipated commercial 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 may be produced.
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5.6.3 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

im

NO

pact on device biocompatibility and the drug component itself.

TE

Additional guidance regarding evaluation of drug-device combination products can be obtained in
IS(‘I/TQ 12417 swhich was dpvp]nppd for cardiovascular medical devices
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logical evaluation of identifiable and already previously well characterized chemical“co1
'h as degradation products from many intentionally absorbable materials or APIS in dj
bination products, may be optionally substituted with an appropriate toxicological-evalug
tification might be generated through a chemical characterization of device extracts in cc
th a biological risk assessment for the specifically identified chemicals.
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5.7 Pre-clinical in vivo evaluation

5.7.1 Purpose

NOTE See ISO 10993-2 (Animal Welfare), ISO 10993-6 (Locakgéffects after implantation), ISO{IEC 17025
(laporatory quality management), and US-FDA GLP Regulation® fer additional guidance on appropriate pre-

clipical laboratory practices.
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e of any related accessories), degradation of the:implant, and evaluation of the biological re

] subsequent withdrawal of the delivery system. The implant shall be evaluated at appropri
end points in order to determine the response of both the host and the cardiovascular a
plant. In particular, preclinical in vivg testing shall provide data pertaining to safety and sha
suitability of the cardiovascularabsorbable implant for its intended use in clinical inv{
is section should be considered as;a supplement to the information provided in ISO 10993
Ifare), ISO 10993-6 (Local effects after implantation).

.2 Specific aims

ecific aims of a study shall be stated and may include those detailed in device relevant pa
39, ISO 5840, or,other applicable standards along with the following considerations s
sorbable impldnts:

study-should assess the ability to both deploy the implant and confirm its intravasculg
through use of a suitable imaging procedure;

e purpose of preclinical in vivo testing includes the eyaluation of delivery/placement of the imjplant (and

sponse to

implant. For interventional devices, this would include the introduction, deployment of the implant,

hte follow-
bsorbable
l evaluate
pstigation.
2 (Animal

rts of ISO-
pecific to

since traditional fluoroscopy procedures may be inadequate to visualize absorbable implants, the

r location

evaluate apprnprinfp hapmqfn]ngir‘nl and biochemical Inhnr:\fnry parameters;

evaluate the structural integrity and absorption of the cardiovascular implant;

assess local biological responses (e.g. vascular trauma, thrombus deposition, inflammation,
endothelialization, necrosis, neointimal proliferation, aneurysm formation) and downstream and
systemic effects (e.g. embolism, infarction) through an evaluation of histology and pathology of
explants and pertinent tissues/organs and whether these may be related to implant degradation

and/or drug elution;

record adverse events and potential contributing factors (e.g. implant vs. catheter deliver

y system).

More than one study may be used to address the specific aims. Animal studies are designed to
demonstrate safety. Animal studies are not designed for demonstrating efficacy. However, a study may
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be designed with specific end points related to the local biological response (e.g. reduced neointimal
proliferation, improved rate of endothelialization) that can demonstrate a potential clinical benefit.

When evaluating the in vitro/in vivo correlation (IVIVC) of drug release from 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 correlation should describe the in vitro rate or extent of drug dissolution
or release and the measured in vivo effect (e.g. drug tissue level). Due to local application, low drug
doses, and potential for drug uptake into the tissue, IVIVC evaluation of drug release with systemic
blood plasma level measurements might not be feasible. Additionally, local tissue measurements often
cannot be obtained or validated because of measurement variability (i.e. inconsistent quantification

and/or sirpmmnmeﬁmxmmmmmdsﬁmwerhcal
tissue sampling, evaluation of the amount of drug remaining on the cardiovascular absorbable implant

can be us¢d to estimate the in vivo release rate.

5.7.3 Protocol

Each cardjovascular absorbable implant shall be tested at the intended, or at an anatomically analoggus
vascular gite, with justification for the alternate site. Whenever possible, animal’models should |be
chosen tomost closely mimic clinical site and vascular anatomy. The number ofanimals used for testing
shall also|be justified. As far as permitted by the limitations of the animal’nrodel, all cardiovascullar
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 leng the device and drug-containjng
parts of the cardiovascular absorbable implant remain [e.g. acutely“(<24 h), short-term (<30 days),|or
permaner]tly]. Long-term in-dwelling cardiovascular absorbablelimplants or implants with absorbaple
components may require additional study follow-up time points. Assessment intervals should [be
targeted In accordance with the expected pattern of degradation leading to final resolution of the
implant absorbable component. In the absence of comiplete degradation, the data collected gnd
resulting frend may be sufficient to allow characterization of local effects after implantation, provided
that both substantial absorption and the restoration of normal tissue structure and function has bgen
obtained. While gross and microscopic evaluation@fter complete implant absorption is highly desirable,
in vivo degradation profiling of the absorbable.material and/or its degradation products to a statq of
limited visually-identifiable histological presehce can also be considered acceptable. Additionally,|an
assessmelt needs to be made regarding the/reversibility of any accompanying adverse pathology. Als a
result, long term studies that span a significant portion of the degradation time frame for the implant
are recomimended, unless justificationfor a shorter-term study is provided.

For implahts that include a drug component, at least one study (in multiple animals) should evaluate
the complete in vivo elution prefile (in vivo pharmacokinetics) to include drug plasma levels, drug tisgue
levels, and residual drug remaining on the cardiovascular absorbable implant. Safety studies of dfug
containing cardiovasculap absorbable implants should include assessment of dose-dependant effegts,
including the effect of. 6verdosing (e.g. no drug, nominal drug dose, and 3x overdose) unless justificat{on
can be provided fot)‘omission of this type of testing. Local, regional (down-stream), and systerpic
toxicities phouldhe assessed.

If patient§ may be clinically treated with multiple cardiovascular absorbable implants, additive d¢se
and/or prmmmmnmmmmmm—?

Interpretation of animal study results may be enhanced by the use of at least a small number of control
implants for comparison purposes. A rationale should be provided if a control implant is not used in the
study. For implanted products, if the matrix is not expected to remain over the implant life, additional
testing of the underlying materials should be considered. If the proposed cardiovascular absorbable
implant is intended for use with an already implanted cardiovascular absorbable implant (another
product) there may be product compatibility issues that may need to be considered for the animal study
design.

In accordance with the specific aims detailed in Section 5.7.2, 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
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shall be specified. In addition, the choice of animal model such as species, gender, age, and whether or not
alesion is created, 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 device’s IFU should
be justified. 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.

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 trratiom: i ; i implant was
implicated shall be documented. Histological and pathological assessment of explants and 'appropriate
tispues/organs shall be provided. This includes down-stream histopathologic assessment$ in order
to |assess potential clinical implications of particulates released from the cardiovascular absorbable
implant.

Qu
hig
en

antitative morphometrics and qualitative morphologic assessments may be helpf
topathologic analysis. Scanning electron microscopy may be helpfulo assess comple
Hothelialization along the length and circumference of the vessel. Special staining may be

1l to the
bteness of
necessary

to sessments

mg

investigate neointimal composition, fibrin deposition, or mineralization. Angiographic as
y be useful in follow-up observations, depending on the product type.

Re
ou
cal
lal
lis
eff

rognition and adherence to appropriate animal husbandry:related precautions may pregvent poor
fcomes not related to the product. Refer to the Bibliographic references to the US-FDA gujidance for
diovascular animal studies, the Institute for Laboratory~Animal Research (ILAR) guide for care of
oratory animals, and the ISO/TS 12417 guide for drug-device combination products for p detailed
ing of the aspects to be considered. Also see ISO 10993-2 (Animal Welfare) and ISO 10998-6 (Local
pcts after implantation) for additional guidance*onappropriate pre-clinical laboratory pragtices.

5.7.4 Data acquisition
Th
sh
an
Ge

tandards,
xceptions
tion 5.7.3.

e minimum data, as detailed in device*relevant parts of ISO 25539 or other applicable s
1l be recorded for each animal receiving a control or cardiovascular absorbable implant. H
/or considerations relevant to_absorbable implants are detailed in the preceding Sec
heral guidance also is provided in 10993-6.

5.7.5 Testreportand additional information

Re | from the

fin|

sults of all animalsCentolled in the study must be recorded and reported even if excludec
al analysis.

standards
sdetailed

The test reportshall include those detailed in ISO 25539, ISO 5840, and/or other applicable
with exceptions or additional considerations pertinent to cardiovascular absorbable implants 3
in fection-5.7.3 also being included.

5.8

Clinical considerations specific to absorbable implants

5.8.1 Purpose

The purpose of clinical evaluation is to evaluate the performance of the delivery system if applicable,
and assess the safety and efficacy of the absorbable cardiovascular implant. Included in the clinical
investigation shall be appropriate testing of any absorbable cardiovascular implant incorporating
design characteristics for which the safety and effectiveness have not been previously demonstrated. An
investigation shall be carried out for each new implant device or new clinical application of a device prior
to market approval, using the principles given in ISO 14155 or an equivalent publication. The absorbable
cardiovascular implant shall satisfy all appropriate preclinical testing requirements of this Technical
Specification before starting the clinical investigation. Refer to ISO 12417 for absorbable implants with
active pharmaceutical ingredients or degradation products considered to be bioactive.
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5.8.2 Specific aims

Specific aims of the study shall be stated and can include the following aims which are relevant for
absorbable cardiovascular implants, as appropriate:

a) 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;

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

c) evalu
effect

5.8.3 (Clfnical-investigation plan

A multice
guidelines
and analy
ISO 14155

The duraf
cardiovas
ofthe tria
Specifical
sufficient
degradati

A justificd
expected

Preliminalry studies may be necessary to characterize the absorption of the absorbable implant 3

any APIs

cardiovas
the degra
study des
degradati

5.8.4 Dx:

In additio

data shall
a) relevg
durin

interd

htion of histology and pathology of any explants and pertinent tissues/organs to discern {
s of material degradation.

for patient selection, duration of follow-up, control groups, clinical end pgints, data report
sis are outlined in ISO/TS 12417. General guidelines for patient monitering can be found
and ISO/TS 12417.

cular implants. In addition to meeting the objectives of the clinieal investigation the durat
for an absorbable cardiovascular implant shall consider thé'expected duration for absorpti
y, clinical study duration should be guided by bench‘and animal studies, and should
to capture clinical events at key time points during and potentially, after complete impl
b1.

tion shall be required for follow-up intervals hut'may be based on clinical end points and
legradation times of interest.

prior to initiation of the clinical trial¢ If patients are to be treated with multiple absorba
cular implants clinically, there could’be additive-dose and/or product compatibility issues

gn. In addition, if degradation products are bioactive, pharmacokinetic studies to assess
bn products may be needed,

ita acquisition

h to the data acquisition specifications outlined in ISO 14155 and ISO/TS 12417, the follow
be recorded for.each patient in the study:

nt medications taken prior to and post surgery, such as antithrombotics or antibiot
b the hospital stay, and prescribed at discharge. Because there may be some unanticipaf
ctigns between the absorbable implant and pre- or post-operative medications, especid

he

nter study with a statistically justified number of patients shall be perfermed. Genejral

ng
in

ion of patient follow-up for absorbable cardiovascular implahts may differ from duraple

on
1.
be
hnt

or

nd
ble
of

Hation products and/or any drug/component that may need to be considered in the clinical

he

ng

cs,
ed

1y

those

that include an active pharmaceutical ingredient (API), consider capturing all medicationg.

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 degradants and/or API may be observed
systemically or at sites distal to the implant site.

5.8.5 Final report

In addition to the final report specifications outlined in ISO 14155 and ISO/TS 12417, a rationale shall be
provided for selection of patient follow-up intervals and assessments at each time point which may have

been chos

20

en based on the degradation profile of the implant.
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5.8.6 Post market surveillance

A systematic procedure to review post-market experience gained from absorbable cardiovascular
implants shall be in place, using the principles given in ISO 14630, ISO 14971 or an equivalent publication.
For absorbable cardiovascular implants, post-market surveillance shall consider the expected time
course of implant degradation.

5.9 Shelflife considerations

5.9.1 General information

specified
irectly or
s removal
be vitally
rstanding
successful

Shelf-life is the amount of time that a packaged product can be expected to be stored under
copditions and meet critical performance properties. Establishment of shelf-life should d
indirectly assess the device’s ability to meet its specified functional requirements\ upon it
frdm its packaging after appropriate storage. For absorbable devices, storage conditions can|
important (e.g. temperature and humidity) and deserve careful consideration. A detailed undd
of mplant susceptibility to degradation under expected storage conditions isparamount to a
shelf-life program.

Th
gu

e ISO/IEC Guide 51, ISO/IEC Guide 63:2012, ISO 10993-1, and ISO 14135-1 (see Bibliograph
dance regarding shelf-life establishment. It is often unnecessary to assess every device

) provide
attribute

mq
AS
est
thg
ac(

gu

asured at time O (i.e. no aging) and after appropriate storage conditions to establish
TM F2914 provides guidance for determination of the appnopriate attributes for testing
ablishment of shelf-life for endovascular devices. Accelerated aging might be appropriate t¢

shelf-life of an absorbable device in a timely manner: AAMI TIR17 contains guidance
elerated aging programs and provides a brief discussion of aging theory. Also, ASTM F198
dance on accelerated aging parameters anddiscusses humidity. Absorbable device

shelf-life.
as part of
establish
regarding
) provides
shelf-life

est helf-life of

ab

ablishment requires special consideration. ASTM F2902 provides guidance regarding s
borbable polymeric implants.

5.9.2 Real time aging

Sh
to
stq

lf-life assessment of packaged and sterilized absorbable products should include real time
temperature and humidity challenge conditions that, at minimum, are reflective of the]
rage environment.

exposure
expected

Gufidance regarding transpottation related performance evaluation is provided in 4.6.

Re
std
de
af

bl time testing of.thie absorbable device’s critical attributes under conditions analogoud to actual
rage conditionsis the most definitive means for assessing the shelf-life of a packaged absorbable
Vice. Multipletime points (e.g. 0,5, 1, and 2 years) are recommended to mitigate risk assocjated with
hilure to meetthe requirements at later time points

5.9.3 , Accelerated aging

Actelerated aging allows medical devices to be provided to health care professionals with specified
shelf-life in a timely manner. However accelerated aging can lead to an inaccurate assessment of the
shelf-life of a product, providing additional risk to the patient. Thus, when accelerated aging programs
are designed, conservatism is recommended. Real time aging studies should be conducted in addition to
the accelerated aging studies to confirm the shelf-life established by accelerated aging testing.

The testing plan to establish the desired shelf-life of an absorbable device using accelerated conditions
should consider the mechanism of degradation of the implant. The rationale for the accelerated
aging factors should be provided. Conservative aging factors should be chosen. AAMI TIR17 provides
conservative accelerated aging factors. These conservative factors might not be appropriate for
absorbable devices and should be used with caution.

Exposure to humidity, ultraviolet light, ozone, or other gases can also be used to establish the shelf
life of an absorbable device if the aging process of the materials can be shown to correlate with these
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