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Foreword

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

The procgdures used to develop this document and those intended for its further maintenance-gre
described|in the ISO/IEC Directives, Part 1. In particular the different approval criteria needed\for the
different fypes of ISO documents should be noted. This document was drafted in accordance with the
editorial fules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention|is drawn to the possibility that some of the elements of this document may.be the subject of
patent rights. ISO shall not be held responsible for identifying any or all such patént rights. Detailq of
any patenf rights identified during the development of the document will be in the.Introduction andjor
on the IS{ list of patent declarations received (see www.iso.org/patents).

Any tradg name used in this document is information given for the convenience of users and does not
constitutg an endorsement.

For an expllanation on the meaning of ISO specific terms and expressiohsrelated to conformity assessmgnt,
as well as|information about ISO’s adherence to the World Trade Organization (WTO) principles in the
Technical Barriers to Trade (TBT) see the following URL: www:iso.org/iso/foreword.html.

The comnpittee responsible for this document is ISO/TC 194, Biological and clinical evaluation of medigal
devices.

This second edition cancels and replaces the first edition (ISO/TR 15499:2012), which has bgen
technicalOIE: revised with the following major changes:

— definjtions have been clarified;
— risk ejvaluation and risk control have been substantiated;

— compgnsation/adjustment of(pHand osmolality has been substantiated.

iv © ISO 2016 - All rights reserved
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This document provides guidance on the conduct of biological evaluation of medical devices according
to the requirements of ISO 10993-1. Although ISO 10993-1 provides a general framework for biological
evaluation of medical devices, more detailed guidance can be helpful in the practical application of the
standard. As a result, this document was developed to provide such guidance to users of ISO 10993-1.
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logical evaluation is a design verification activity which is set in the context of brd
nagement processes. Therefore, this document includes guidance on the application of IS
he context of risk management processes conducted according to the requirements of I
is document describes concepts and methods that can be considered in establishing and m
isk management process for biological evaluation as part of the overall evaluation and dejy
h medical device.

scientific knowledge advances our understanding of the basic méchanisms of tissue f
logical evaluation may be based upon review of relevant estdblished scientific data

emical analysis and in vitro and in vivo testing where these are required. ISO 10993-1 5
mework in which to plan a biological evaluation which minimizes the number and expos;
mals by giving preference to chemical constituent testing and in vitro models in situati
tse methods yield equally relevant information to that obtained from in vivo models. The
which approach(es) are applicable to a particular medical device will depend on the nat
Vice, the extent of available relevant scientific data,and upon risk assessment.

en judging the applicability of the guidance in this document, applicable regulatory req
 regulatory guidance should be considered;

organization can voluntarily incorporate guidance from this document, wholly or in pa
k management process.

k management process assessors, conformity assessment bodies and regulatory enforcemg
lationship with other standards, guidance documents and regulatory requirements

e relationship betwéen 1SO 10993-1, this document and the standards for biological evd
dical devices and'general risk management is summarized as follows:

this document/provides guidance on the application of ISO 10993-1;

biologi¢al‘evaluation is a component of risk management and this document includes gu
the application of ISO 14971 to the conduct of biological evaluation.

This guldance can be used to better understand the requlrements of ISO 10993 1 and to illustrate some
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TECHNICAL REPORT ISO/TR 15499:2016(E)

Biological evaluation of medical devices — Guidance
on the conduct of biological evaluation within a risk
management process

1 _Scope

Thiis document is applicable to the conduct of biological evaluation of medical devices accerding to the
requirements of ISO 10993-1. It does not add to, or otherwise change, the requirements of IS} 10993-1.
Thlis document does not include requirements to be used as the basis of reguldtory inspection or
certification assessment activities.

Thijis guidance is applicable to all biological evaluation of all types of medical devices includ|ng active,
noh-active, implantable and non-implantable medical devices.
2 | Normative references

Thlere are no normative references in this document.

3 | Terms and definitions
For the purposes of this document, the terms and definitions given in ISO 10993-1 and the following apply.
ISQ and [EC maintain terminological databasesfor use in standardization at the following addiresses:

—| IEC Electropedia: available at http://wiww.electropedia.org/

—[ ISO Online browsing platform: available at http://www.iso.org/obp

3.1
biocompatibility
abllity of a medical device ‘or material to perform with an appropriate host response in[a specific
application

3.7
biglogical risk
probability of Karm to health occurring as a result of medical device or material interactions

3.3
biglogical safety
frdedom'from unacceptable biological risk

3.4
risk assessment
overall process comprising a risk analysis and a risk evaluation

[SOURCE: ISO/IEC Guide 51:2014, 3.11]

3.5

risk evaluation

process of comparing the estimated risk against given risk criteria to determine the acceptability of
the risk

[SOURCE: ISO 14971:2007, 2.21]

© IS0 2016 - All rights reserved 1
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3.6
risk management

systematic application of management policies, procedures and practices to the tasks of analysing,

evaluating, controlling and monitoring risk
[SOURCE: ISO 14971:2007, 2.22]

3.7
toxicological hazard

potential for a compound or material to cause an adverse biological reaction, taking into account the

nature of thereaction-and the dgse rnqnirnd toelicit it

3.8
toxicological risk

probabilifly of a specified degree of an adverse reaction occurring in response to a spegified level
exposure

3.9
risk analysis
systematif use of available information to identify hazards and to estimate the tisk

[SOURCE:|ISO 14971:2007, 2.17, modified]

4 Biolggical evaluation as a risk management practice

4.1 General

ISO 10993-1:2009, B.2.2.2 describes a continuous process by which a manufacturer can identify {
biologicallhazards associated with medical devices, estimate and evaluate the risks, control these ris
and monifor the effectiveness of the control. Apprepriate protection of the patient by weighing ris
and benefits of medical devices is an essentialxélement of this biological evaluation plan. Benefit]
the patier]t from the use of medical devices entails the acceptance of potential risks. These risks W

of

he
ks,
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vary depending on the nature and intended use of the specific medical device. The level of risk which is

acceptable for a specific device will depend-tipon the expected benefit provided by its use.

Considerdtion of biological risk is enly one aspect of the risk assessment of a medical device, wh
should copsider all aspects of risk{ Iin'Some cases, it can be specifically necessary to consider the relat
benefits of materials of differefit biological safety profiles in the context of some other characteris
For examjle, it can be possible)that the most biologically safe material available can have unaccepta
mechanical strength, in which case, it would be necessary to consider if an alternate stronger mate
is of acceptable biological safety. It is fundamental to the conduct of biological evaluation that it
undertak¢n as part of.the overall risk management process required in the design and development
the medicpl devicé.

Material dele€tion and risk analysis are integral components of the design process for medical devid
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The selectiémof materials plays a crucial role in evaluating the biological safety and, when approach

ina systematic way, allows the collection of relevant data. In Iine with IS0 15465 and IS0 14971, crite

ria

to define the acceptable biological risk should be established at the start of the design process. Because
starting material, formulation and processing variations could impact final product biocompatibility,
these considerations should also be incorporated into the risk assessment. The biological safety
evaluation should be designed and performed to demonstrate the achievement of specified criteria for

safety. This evaluation is a component of the risk management plan encompassing identification of

all

hazards and the estimation of associated risks. Adequate risk assessment requires characterization of

toxicological hazards and exposures.

A major component in hazard identification is material characterization. The following steps can
identified:

— define and characterize each material, including suitable alternative materials;

be
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identify hazards in materials, additives, processing aids, etc.;
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identify the potential effect of downstream processing (e.g. chemical interactions between material

components or final product sterilization) on chemicals present in final product;

identify the chemicals that could be released during product use (e.g. intermediate or final

degradation products from a degradable implant);
estimate exposure (total or clinically available amounts);

review toxicology and other biological safety data (published/available).

Inllormation on biological safety to be reviewed can include:

toxicology data on relevant component materials/compounds;
information on prior use of relevant component materials/compounds;

data from biological safety tests.

Thee risks posed by the identified hazards should then be evaluated. Atthis stage, it should b

to

determine whether there is an undue toxicological risk from the material.

If it can be concluded from existing data that risks are acceptable, then no additional toxici

is

ing
da
an

heeded. Testing is also unwarranted if risks are found to b€ unacceptable. When existin
ufficient, additional information should be obtained. The purpose of testing is to obtain

fa which can assist in reaching a conclusion. A rationale for testing should therefore be b3
hlysis of the relevant risks which are indicated from‘thé existing data.

The results of any tests should be assessed. Test reports should include descriptive evi

asy

essment of the findings and qualitative assessment of their acceptability.

Thie assessor should determine if the available information is sufficient to meet the purp

ev
thg

T

raf
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hluation of biological safety and if so, decument how the conclusion on safety was reached,
 rationale for any decisions and theimpact of test results and other information on the ass

evaluation indicates the identity and significance of all relevant evidence and high|

ntific basis of the overall.c¢enclusions in an accurate, clear and transparent manner.
ortant that the factors leading to the conclusion are fully discussed with succinct and
ionales for each judgment and identification and discussion of any uncertainties underl
cision.

T

components ofrisk management are summarized in Figure 1 (taken from ISO 14971). Th¢

elgments of a biplegical evaluation process can be considered in terms of the elements of t
risk managenient process.

In [summary, biological evaluation should be seen as an element of risk management pr3
th¢refore, the conduct of a biological evaluation of a medical device should aim to meet]
reqiiitements of ISO 10993-1 and ISO 14971.
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4.2 The biological evaluation plan

ISO 14971:2007, 3.4 requires that risk management activities be planned in advance. Since biological
evaluation is a risk management activity, a Biological Evaluation Plan is required, and this forms part
of the Risk Management Plan. It is emphasized that simply planning to conduct testing against all of
the aspects of toxicology identified in ISO 10993-1:2009, Table A.1 does not meet the requirements of
ISO 14971 or ISO 10993-1. The biological evaluation plan should be drawn up by a knowledgeable and
experienced team and include as a minimum:

— arrangements for gathering of applicable information from the published literature (including
information sources and search strategies), in-house and supplier data and other sources in order

to conduct risk analysis;

© ISO 2016 - All rights reserved
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— arrangements for conducting the evaluation, including the requirement for any specific technical
competencies relevant to the specific device application;

— arrangements for review and approval of the plan as part of the overall design control process;

— arrangements for review of the final conclusions of the evaluation and the approval of any additional
testing programme required;

— arrangements for the final review and approval of the outcomes of the biological risk assessment,
including the risk control measures applied and the documentation of any residual risks and the
disclosure of residual risks through means such as product labelling.

4 © IS0 2016 - All rights reserved
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Risk evaluation

Risk control

e Risk control option

analysis

¢ Implementation of risk

control measure(s)

e Residual risk evaluation
e Risk/benefit analysis
e Risks arising fromrisk

control measures

e Completenéss of risk

control

Evaluation of overall residual

risk acceptability

Risk management report

Production and post-production

information

Risk assessment

Risk management

Figure 1 — Schematic representation of the risk management process (from ISO 14971)
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5 Guidance on risk management
5.1 Risk assessment

5.1.1 Introduction

Risk assessment is the combination of the processes of risk analysis in which risks are identified and
estimated and risk evaluation in which risks are evaluated to identify those which require mitigation
(risk control).

5.1.2 Rjsk analysis

Risk analysis is the process of identifying the specific hazards and assessing their significance. In a
biological|evaluation, this equates to consideration of the potential toxicity of materialS$>¢emponents
and their Foute of exposure. Risk analysis should be methodically conducted by means/of‘estimatior] of
risks fron} each material/component for each route of exposure and toxicological effect.

Risk anallysis therefore begins with identification and characterization of the-indirect and dirgct
patient-cdntacting materials and components of the device. This should be'done based on the fipal
form of the device in its manufactured state, taking into account the presence of any manufacturing
additives,| processing aids or other potential contaminants such as (sterilant residues. Effects|of
processing on materials composition and chemistry (including bothfulk and surface effects) shopild
also be cqnsidered. In particular, where reactive or hazardous ingredients have been used in, or dan
be formed by, the production, processing, storage or degradation of a material, the possibility of the
presence pf toxic residues should be considered. The potential\for interactions with or introductior| of
contamingnts from packaging materials should also be considered.

Physical ajnd chemical material properties are relevant te:biological safety and will need to be identifjed
at this st:Ee. These can include one or more of the follewing:

— wear|load, fatigue, e.g. especially in load-beating devices such as total joint prostheses and the
assocjated production of particulates or materials degradation;

— frictign and associated irritation, e.g. iw’applications such as catheters;

— interdctions between material~eombinations (chemical interactions), e.g. different flexibility,
galvahic corrosion, abrasion;

— heat (p.g. thermal degradation or other thermally induced material changes);

— manuffacturing processes, e.g. internal stresses produced can promote environmental stress
cracking (ESC), morphological changes, or degradation;

— envirpnmentahinteractions, e.g. endoscope (stomach acids), dressings (external environment), JV-
light, detergents, decontamination and sterilization processes;

— electificity, e.g. short circuits, degradation, heating, muscle stimulation;

— potential interactions between components;
— effect of physical form, e.g. particulates.

Materials information can be obtained through review of literature, vendor data, in-house data or
comparison with existing products on the market where the manufacturing processes and formulations
are known and the same as in the device under evaluation.

NOTE1 1SO 10993-1:2009, Annex C provides guidance on conduct of literature review.

This initial characterization is then followed by consideration of the toxicology of the known material
components. This specific nature of the toxic effect(s) and the dose-response relationship should be
considered.

6 © IS0 2016 - All rights reserved
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The range of toxicological effects is wide. ISO 10993-1:2009, Clause 5 and Table A.1 provide guidance to
relevant toxic effects for different exposure routes and durations.

NOTE 2  Because materials with sub-micron components (i.e. nanomaterials) have been shown, in many cases,
to behave differently than the same materials at larger scales, extrapolation of data from larger sized materials
may not be appropriate.

5.1.3 Risk estimation

Risk estimation, in addition to consideration of the toxicology of identified materials components,

al(‘n includaoc caoncidaration of thao Sptioinatnd avoocyien o g tha avlabalieyy of 1o b oablo or SOluble
S—HhHert e e 5— oSt e ratoh— o nt—ahtieipatrea—xposutre,—-S—nt—avahapirdty—r—reatiane

components (see [SO 10993-17).

Rigk is typically estimated by assigning values to the probability of occurrence of harm and tHe severity
of that harm. In general toxicological terms, likelihood can be estimated from knowledge of the actual
availability of toxic components and the known dose response in relevant tissue(s). The seveiity can be
asgessed in terms of the nature of the toxic response.

If insufficient information is available from published literature, in-housé.data and documented track
re¢ord of the subject materials, risk estimation can require conduct (ofj’chemical characterfization or
biqlogical testing to estimate or quantify the hazards which cannot be satisfactorily d¢termined
frdm this prior knowledge. ISO 10993-7, ISO 10993-13, ISO 10993-14, ISO 10993-15, ISO [10993-16,
ISP 10993-17,1S0 10993-18 and ISO/TS 10993-19 address variols aspects of materials characterization.
Where consideration is given to the conduct of toxicological{investigations for the purposes|of hazard
idgntification or risk estimation, appropriate studies shodld be selected following the gdidance in
ISQ 10993-1 and other applicable parts of the ISO 10993 series.

Tegt selections for risk estimation purposes cancenly be determined after the completion of the
reyiew of existing knowledge, as the tests should\be specifically selected to address the defi¢iencies in
knpwledge identified in the review.

Thle amount of data required for risk analysis and the depth of the analysis will vary with the¢ intended
us¢ and are dependent upon the natureland duration of patient contact. Data requirements ajre usually
less stringent for materials with indirect patient contact, medical devices contacting only iptact skin,
anfl any component of a medical ‘device that does not come into direct contact with body tissues,
influsible liquids, mucous membranes or compromised skin.

5.1.4 Risk evaluation

Rigk evaluation buildsadipon the risk analysis, taking the next step of evaluating the risks defined in the
risk analysis for their significance and identifying requirements and opportunities for mitigation (risk
conptrol). It shouldbe realized that for a full evaluation, the whole medical device should be taken into
consideratioriincluding all its components.

—

Bigcompatibility can only be demonstrated for a particular material in relation to a defined set of
cirfcumstances, which include the purpose for which it is used and the tissues with which it Jomes into
coptdct. For example, the consideration of toxicology of extractable/leachable chemicals should be
undertaken in context of the routes and duration of exposure and implications for actual availability
of potential toxicants. Of particular importance is consideration of any history of clinical use or human
exposure data from relevant similar applications. For example, clinical studies showing a final product
is non-irritant might be useful in justifying omission of animal irritation studies. However, clinical
studies of a general implant material might not be sufficient to justify omission of a final product
implant study, as the combination of materials might result in an adverse biological effect.

It is critical for the integrity of a biological risk evaluation that it should be conducted by assessors
with the necessary knowledge and expertise to determine the appropriate strategy for the evaluation
and ability to make a rigorous assessment of the available data and to make sound judgments on the
requirements for any additional testing (see ISO 10993-1:2009, Clause 7).

© IS0 2016 - All rights reserved 7
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5.1.5 Risk control

Risk control is the process of identifying and implementing measures to reduce risks. In the context
of biological safety, this can involve activities such as consideration of options for design changes.

Examples

of possible strategies include:

— design changes to avoid more hazardous exposure routes or reduce exposure time;

— reduction of toxicity by means of reformulation or materials change;

— changes to production processes to reduce or eliminate hazardous residues or process additives.

Risk can :
on worst
identifies
In some ¢
than testi

It is emph
after all 4

evaluations or alternative means of mitigation) have been exhausted.

5.2 Evaluation of residual risk acceptability

Following
the findin
disclosurd

5.3 Posgt production monitoring

The procq
suppleme
new infor
in actual

the specif]
devices or

6 Guid

6.1 Ma

hg (e.g. warnings, contraindications).

asized that conducting animal toxicity testing for risk reduction should¢only be considef
Iternative courses of action (review of prior knowledge, chemical characterization, in vi

risk analysis and evaluation and the implementation of ¥isk‘controls, it is necessary to revi

of such residual risks, for example, through approptiate labelling, cautions or warnings.

sses of risk assessment are based upon human judgement using the available informati
hted by biological testing where required. This assessment should be updated as needed w
mation that becomes available from post-market monitoring of device performance and saf
clinical use. This monitoring sheuld include both trends in adverse events associated w

materials. Monitoring shouldalso include ongoing review of relevant scientific literature.

ance on specificaspects of biological evaluation

ferial characterization

6.1.1 C

From a

assessmehtwhen:

emical ¢haracterization

ractical perspective, chemical characterization data are most useful in a biologi

\lso be controlled by providing data to allow a more accurate risk estimate than onerbaged
Case default assumptions. The choice of tests should be based on an initial risk analysis that
the uncertainties that need to be addressed and the most suitable way of addressing thgm.
hses, an identified risk for which there is some uncertainty can be mitigated by-imeans other

ed
tro

EW

bs of these preceding activities and to document the residual risk and to decide on any further

b1,
ith
ety
ith

ic device in question, plus new. information which arises in relation to other relevant similar

cal

— there

are no issues regarding the proprietary nature of the material;

— only one or a small number of chemical constituents are changed in a device;

— toxicity data are readily available on the compound(s);

— extraction/analytical chemistry studies are easily conducted.

6.1.2 Use of chemical characterization data in a biological evaluation

There are several clauses/subclauses in ISO 10993-1:2009 that ask the user to conduct a chemical
characterization of the device undergoing the biological evaluation. For example, 4.3 instructs the user
to take into account the intended additives, process contaminants, residues, and leachable substances

8
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for their relevance to the overall biological evaluation of the device. However, as a practical matter, no
specific guidance is given on how to take this information into account when performing the biological
evaluation.

From a hazard identification standpoint, information on the compounds released from the device can
be useful in selecting appropriate biological evaluation tests. For example, if a compound is known to
produce nephrotoxic effects, special attention could be paid to that end point when conducting either
acute or subchronic toxicity tests as described in ISO 10993-11. Such information can be used to focus
the biological testing strategy to address the most clinically relevant end points.

Ch

mical characterization data can also he useful for risk characterization If data are

available

on
us
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separate lodgement by the manufacturer of biological evaluation data with an independent a
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the rate at which a compound is released from the device under conditions that simulg
e environment, and if sufficient data are available to derive a Tolerable Intake (TIJwaly
mpound using the method outlined in ISO 10993-17, then it is possible to comparelthe d
mpound received by the patient to the TI or “safe” dose to assess the likelihood that adver
1 occur. To employ this approach, data are not only needed on the identity of the’*compound

10993-9,1S0 10993-12,1S0 10993-13, IS0 10993-14, ISO 10993-15, [SO10993-18 and ISO/
are relevant to material characterization.

.3 Proprietary materials formulations

nere the necessary data (e.g. complete formulation data) arenhot available to a manufacturg
ronfidentiality of proprietary information, enquiries should be made with the materials s

some cases, it is possible to manage confidentjality of proprietary formulations by

pulatory agency (known as a “Master File” in.some jurisdictions). These data can then be 1
h regulatory submission by the device mamuyfacturer and confidentially reviewed by the c
essment body or regulatory agency in cenjunction with the device submission review.

4  Effects of manufacturing processes

s important to consider theweffect of manufacturing conditions on materials as well as
litives or presence of contaminants. In general, in order to be able to support biologi
terials testing should have’been carried out on materials test samples which have been
cluding sterilizationsif applicable) in equivalent ways to the materials included in the fi
question. Where there are differences in the materials processing from that used to pr
icles to generate’the test data, a justification is required as to why the differences are not §

owing:

processé€s which can cause either bulk or surface changes in materials properties, e.g.
surfdce treatment, welding or machining;
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potential process contaminants, e.g. cleaning/disinfection/sterilization agents, etching agents,
mould release agents, cutting fluids and particles, machine contaminants such as lubricants;

degradation during manufacturing and processing, clinical use and storage;

potential process residuals of chemicals and additives.
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6.2 Bio

logical evaluation

6.2.1 Determining the acceptability of the level of leachable (allowable limit) according to
IS0 10993-17

As noted in ISO 10993-17, risk characterization involves a comparison of the dose of the compound
received by the patient to the “safe” dose or Tolerable Intake (TI) value for that compound. If dose/TI ratio
is >1, then there is an increased likelihood for adverse effects to occur in the exposed patient. However,
the dose/TI ratio should not be thought of as a “bright line” value to determine the acceptability of the
level of the leachate. The greater the value of the dose/TI ratio, the greater the likelihood is of adverse

effects ocfurring in the patient; however, it is important to also take into consideration such facters as
severity off adverse effects seen in the study that serves as the basis for the TI, the pharmacokineticg of
the compgund, the conditions used to extract the compounds from the device, and whether default] or
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H and osmolality compensation for absorbable materials

, metallic, or ceramic materials that are intended to absorb in vivoréelease soluble compone
ation products. If the release rate of a material is sufficiently rapid, elevated concentratid
more of the released products could alter the pH and/or osnielality of an in vitro test systg
n vivo condition provides the combined presence of perfusion and carbonate equilibria wh

ro test system to maintain physiologically relevant eanditions — thereby allowing evaluat
rausation and providing a scientific justification fer, the adjustments and the effect on thg
system is documented within the report.
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utdong-term testing, where:

— them

— them

ass of the device is very small;

aterials produce very low levels of extractables?) (see 6.4.1);

— the duration of exposure is short;

— the materials are well characterized with a history of safe clinical use in equivalent applications,

then 1

ong-term toxicology is unlikely to be of concern.

1) Guidance on Thresholds of Toxicological Concern is being considered to be incorporated into the next revision
of IS0 10993-17.

10

© ISO 2016 - All rights reserved


https://standardsiso.com/api/?name=8e961a79f2258686c364a8dbb982a301

Th

ISO/TR 15499:

e following situations are likely to indicate a need for long-term testing:

2016(E)

the quantity of material present and the length of exposure indicate that long-term toxicological

effects could be of concern;

constituent compounds are known to be, or considered likely to be, toxic;

there areinsufficient prior data for the material concerned (or closely similar materials) in equivalent

long-term applications;

there are specific chemical reasons, e.g. particular molecular structures of concern, whic

h indicate

It

particular chronic toxicological concerns;
shorter term screens, e.g. in vitro genotoxicity screens indicate potential for concern;

there are known concerns regarding biostability for the particular class of material of in
there are insufficient supporting data, e.g. accelerated test data from a relevant; validated
the specific material or formulation under consideration.
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e international differences in testing requirements.

Biological safety assessment

4.1 Thresholds of Toxicological Concern (TTC)

en considering the presence in a material of potentially toxic components which are preg
centrations, consideration should be given to the-¢éncept of a “threshold of toxicological c
ossible to establish by reference to the known toxic effects of the substance in question, in
e toxic dose, that the substance is present in sufficiently low amounts to not present a signif]

1.2 What constitutes sufficient justification and/or clinically relevant data for a risk
pessment

t is determined in the biological evaluation that the device does not have the same
mposition and body contact as an existing device, ISO 10993-1:2009, Figure 1 instructs t
fermine if there is sufficient justification and/or clinically relevant data (chemical and biol
isk assessment.

fficient justificationfor a risk assessment can be based on several factors, including w|
terials used inthe device have a long history of safe use for this application. If such data ¢
ficient justification can exist to undertake a chemical characterization-risk assessment a
ess biological safety. However, it is important to point out that the materials should be
ntical t0. those used in existing devices and that the nature of exposure be the sam
tification to be used.
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6.4

1.3~ Guidance on mixturesin risk assessment

ISO 10993-17 notes that patients are rarely exposed to only one residue at a time. It is more likely
that exposure occurs to multiple compounds released from the device. This co-exposure to multiple
compounds has the potential to increase or decrease the toxicity of a constituent of the mixture if this
compound was administered alone.

ISO 10993-1:2009, Figure 1 asks the user to consider if the toxicity data for individual compounds are
applicable if the patient is exposed to this compound as part of a chemical mixture. Data are rarely
available on the effect of a compound as a constituent of a chemical mixture and this requirement places
a very high standard on the use of toxicity data for single compounds for the biological evaluation of
medical devices. However, when the rate at which compounds are released from a medical device is well
below the respective TI value for these compounds, and the compounds are not structurally similar,
then the likelihood of interactive toxicological effects occurring among the mixture constituents
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