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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 proce@lures used to develop this document and those intended for its further maintenanee
described In the ISO/IEC Directives, Part 1. In particular the different approval criteria neededfor
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention i
patent righ
any patent
on the ISO

Any trade
constitute

5 drawn to the possibility that some of the elements of this document may,be the subjec
ts. ISO shall not be held responsible for identifying any or all such paténtrights. Detail
rights identified during the development of the document will be in the Introduction ang
ist of patent declarations received (see www.iso.org/patents).

hame used in this document is information given for the convenience of users and does
an endorsement.

For an explanation on the voluntary nature of standards, the . meaning of ISO specific terms

expression
World Trad
URL: wwwj

s related to conformity assessment, as well as information about ISO's adherence to
e Organization (WTO) principles in the Technical Barriers to Trade (TBT) see the follow
Liso.org/iso/foreword.html.

This docur
medical dey

This fifth e
revised. It

The main d

hent was prepared by Technical CommitteeZdSO/TC 194, Biological and clinical evaluatio
vices.

dition cancels and replaces the fourthledition (ISO 10993-1:2009), which has been technid
hlso incorporates the Technical Corrigendum ISO 10993-1:2009/Cor.1:2010.

hanges compared to the previous edition are as follows:

| Annex A “Endpoints to-be-addressed in a biological risk assessment” with new columns

» o« » o«

carcinogenicity,” “reproductive/developmental toxicity,” and “degradat
now indicates “endpoints” to be considered with “E” (instead of “tests” to be conducted V

’

bd Annex-B¢“Guidance on the risk management process” with “Guidance on the condug

biological evaluation within a risk management process” (formerly ISO TR 15499);

nal'definitions for terms used throughout the ISO 10993 series of standards;

are
the
the

t of
s of
| /or

not

and
the
ing

ally

for

cal and/or chemical information” and “material mediated pyrogenicity” as well as columns
for “chronic toxicity,

”

on
vith

t of

evaluation of “Transitory-contacting medical devices”;

additional information on the evaluation of nanomaterials, and absorbable materials;

pathways in healthcare applications”;

a) revise
“physi
which
an an .

b) replac

c) additid

d)
on the

e)

f)

g)

Alist of all

significant editing changes throughout the document;

parts in the ISO 10993 series can be found on the ISO website.

This corrected version of ISO 10993-1:2018 incorporates the following correction.

additional information on the evaluation of “Non-contacting medical devices” and new information

additional reference to ISO 18562 (all parts) for “Biocompatibility evaluation of breathing gas
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—In Table A.1, 6th column, “Sensitization” has been added as a table heading.
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Introduction

The primary aim of this document is the protection of humans from potential biological risks arising
from the use of medical devices. It is compiled from numerous International and national standards
and guidelines concerning the biological evaluation of medical devices. It is intended to describe the
biological evaluation of medical devices within a risk management process, as part of the overall
evaluation and development of each medical device. This approach combines the review and evaluation
of existing data from all sources with, where necessary, the selection and application of additional tests,
thus enabling a full evaluation to be made of the blologlcal responses to each medical dev1ce relevant
to its safety i i gle
material,
consisting

tissues wh
the considg

The range
alone cann
medical de
less functi
considered
perform its

Biological 1
regarded a
and ex viva
device is U
that the sa
of respons
reactions,

The prima
secondary
the numbe
physical, m

yield equally relevant inforymation to that obtained from in vivo models.

It is not in
as this mig
devices, or

warrants it, exfierts in the product or in the area of application concerned can choose to estab

specific tes

en in use and indicates, in a matrix, the biological endpoints that are thought to be releva
bration of each medical device category. See also 3.14, Note 1 to entry:

pf biological hazards is wide and complex. The biological responseto a constituent mate

vice, the choice of the best material with respect to its biogCompatibility might result
bnal medical device, biocompatibility being only one of a“humber of characteristics tq
in making that choice. Where a material is intended.to interact with tissue in orde
function, the biological evaluation needs to addressthis.

rial

ot be considered in isolation from the overall medical device(design. Thus, in designing a

na
be
I to

esponses that are regarded as adverse, caused by:a material in one application, might n

sed in humans can be judged only with, caution, as it cannot be unequivocally concl
ne biological response will also occur in this species. In addition, differences in the mar
e to the same material among individuals indicate that some patients can have adv¢
even to well-established materidls)

role is to utilize scientific.advances in our understanding of basic mechanisms, to minin
r and exposure of testranimals by giving preference to in vitro models and to chem
orphological, and topegraphical characterization testing, in situations where these meth

Lended that€his document provide a rigid set of test methods, including pass/fail crite
ht resultin/either an unnecessary constraint on the development and use of novel med
a false sense of security in the general use of medical devices. Where a particular applica

ts-and criteria, described in a product-specific vertical standard.

be

s such in a different situation. Biological testing is based upon, among other things, in Jitro
test methods and upon animal models, so-that the anticipated behaviour when a medical

ed
ner
brse

'y role of this document is to-serve as a framework in which to plan a biological evaluation. A

hize
cal,
ods

ria,
ical
[ion
lish

ISO 10993 series is intended for use by professionals, appropriately qualified by training and experience,
who are able to interpret its requirements and judge the outcome of the evaluation for each medical
device, taking into consideration all the factors relevant to the medical device, its intended use and the
current knowledge of the medical device provided by review of the scientific literature and previous
clinical experience.

Informative Annex A contains a table that is generally helpful in identifying endpoints recommended
in the biocompatibility evaluation of medical devices, according to their category of body contact and
duration of clinical exposure. Informative Annex B contains guidance for the application of the risk
management process to medical devices which encompasses biological evaluation.
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Bi

ological evaluation of medical devices —

Part 1:
Evaluation and testing within a risk management process

Thi

Thi
ori

Thi
non

Thi

Scope
5 document specifies:

the general principles governing the biological evaluation of medical devices wit
management process;

the body;
the evaluation of existing relevant data from all sources;
the identification of gaps in the available data set on the basis of a risk analysis;

the identification of additional data sets necessary teranalyse the biological safety of t
device;

the assessment of the biological safety of the medical device.

5 document applies to evaluation of materials and medical devices that are expected to
ndirect contact with:

the patient's body during intended uise;

the user’s body, if the medical ‘device is intended for protection (e.g., surgical gloves,
others).

5 document is applicable to biological evaluation of all types of medical devices inclug
-active, implantable and non-implantable medical devices.

5 document alsogives guidelines for the assessment of biological hazards arising from:

risks, such @s-changes to the medical device over time, as a part of the overall biolog
assessment;

breakage of a medical device or medical device component which exposes body tissug
novel materials.

hin a risk

the general categorization of medical devices based on the nature and duration of their cpntact with

he medical

nave direct

masks and

ing active,

ical safety

to new or

Other parts of ISO 10993 cover specific aspects of biological assessments and related tests. Device-
specific or product standards address mechanical testing.

This document excludes hazards related to bacteria, moulds, yeasts, viruses, transmissible spongiform
encephalopathy (TSE) agents and other pathogens.

2

Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies. For
undated references, the latest edition of the referenced document (including any amendments) applies.

ISO 10993-2:2006, Biological evaluation of medical devices — Part 2: Animal welfare requirements

© ISO 2018 - All rights reserved
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[SO 10993-3, Biological evaluation of medical devices — Part 3: Tests for genotoxicity, carcinogenicity and
reproductive toxicity

ISO 10993-4, Biological evaluation of medical devices — Part 4: Selection of tests for interactions with blood

[SO 10993-5, Biological evaluation of medical devices — Part 5: Tests for in vitro cytotoxicity

[SO 10993-6, Biological evaluation of medical devices — Part 6: Tests for local effects after implantation

[SO 10993-7, Biological evaluation of medical devices — Part 7: Ethylene oxide sterilization residuals

ISO 10993-9 Rinlngirnl evaluation nf medical devices — Part 9:- Framework fnr idpnfifirnfinn nd
quantificatjon of potential degradation products

ISO 10993410, Biological evaluation of medical devices — Part 10: Tests for irritation and skin sénsitizafion
ISO 10993411:2017, Biological evaluation of medical devices — Part 11: Tests for systemic toxicity

ISO 10993}12, Biological evaluation of medical devices — Part 12: Sample preparation and refergnce
materials

ISO 10993}13, Biological evaluation of medical devices — Part 13: Identificqation and quantificatiop of

degradatio
ISO 10993

h products from polymeric medical devices

14, Biological evaluation of medical devices — Part 14: Identification and quantificatio

degradatioh products from ceramics

ISO 10993}15, Biological evaluation of medical devices — Part\I5: Identification and quantificatiop of
degradatioh products from metals and alloys

ISO 10993-16, Biological evaluation of medical devices*— Part 16: Toxicokinetic study design| for
degradatioh products and leachables

ISO 10993117, Biological evaluation of medical devices — Part 17: Establishment of allowable limit{ for
leachable sybstances

ISO 10993418, Biological evaluation of medical devices — Part 18: Chemical characterization of materials
ISO/TS 10P93-20, Biological evaludtion of medical devices — Part 20: Principles and methods| for

immunotoxicology testing of medical devices

ISO 14971:

3 Terms and definitions

For the pui
ISO and [E

2007, Medical devicesy— Application of risk management to medical devices

poses-efithis document, the following terms and definitions apply.

[ maintain terminological databases for use in standardization at the following addresse

1%2]

3.1

IEC Electropedia: available at http://www.electropedia.org/

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

biocompatibility
ability of a medical device (3.14) or material (3.12) to perform with an appropriate host response in a
specific application

3.2
biological

risk

combination of the probability of harm to health occurring as a result of adverse reactions associated
with medical device (3.14) or material (3.12) interactions, and the severity of that harm

© ISO 2018 - All rights reserved
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3.3
biological safety
freedom from unacceptable biological risk (3.2) in the context of the intended use

34

chemical constituent

any synthetic or natural substance that is used in a process for manufacturing materials (3.12) and/
or medical devices (3.14), including the base material(s), additives (antioxidants, UV stabilizers, color
additives, dyes, etc.), and processing aids (solvents, lubricants, antifoaming agents, etc.)

3.5

datp set
infdrmation, such as physical and/or chemical characterization, toxicity data, etc. from™4 variety of
soufces necessary to characterize the biological response to a medical device

3.6
dir¢ct contact
medical device (3.14) or medical device component that comes into physical eontact with body tissue

3.7
extprnally communicating medical device
medical device (3.14) or medical device component that is partially~or wholly located outside the body
but|has either direct or indirect contact with the internal body fluids and/or tissues

3.8
fin3l product
medical device (3.14) or medical device component that has been subjected to all marjufacturing
professes for the “to be marketed” medical device including packaging and if applicable, stetilization

3.9
geometry

devlice configuration

shape and relative arrangement of the parts of the medical device (3.14)

3.1

implant
medical device (3.14) which is intended to be totally introduced into the human body or to|replace an
epithelial surface or the surface of the eye by means of clinical intervention and which is intended to
renjain in place after the procedure

31

indfrect contact
medical device({3:14) or medical device component through which a fluid or gas passes, prior [to the fluid
or gas coming)into physical contact with body tissue (in this case the medical device or medical device
conjponentitself does not physically contact body tissue)

3.1
material
synthetic or natural polymer, metal or alloy, ceramic, or composite, including tissue rendered non-
viable, used as a medical device (3.14) or any part thereof

3.13

material characterization

broad and general process of collecting existing information about a material’s chemistry, structure
and other properties, and if appropriate, new data, to facilitate the evaluation of these properties

3.14

medical device

any instrument, apparatus, implement, machine, appliance, implant, reagent for in vitro use, software,
material (3.12) or other similar or related article, intended by the manufacturer to be used, alone or in
combination, for human beings, for one or more of the specific medical purpose(s) of:

© ISO 2018 - All rights reserved 3


https://standardsiso.com/api/?name=107dd75a78363a8a96281f970e014bb0

IS0 10993-1:2018(E)

contro

diagnosis, prevention, monitoring, treatment or alleviation of disease;

diagnosis, monitoring, treatment, alleviation of or compensation for an injury;

supporting or sustaining life;

1 of conception;

disinfection of medical devices;

investigation, replacement, modification, or support of the anatomy or of a physiological process;

provi

ing information by means of in vitro examination of specimens derived from the humanbgdy;

!

and does mot achieve its primary intended action by pharmacological, immunological orrmetalolic
means, in pr on the human body, but which may be assisted in its intended function bysuch mefns.
Medical deices include dental devices.

Note 1 to erftry: Products which may be considered to be medical devices in some jurisdictions but not in others
include:

— disinfeftion substances;

— aids fo1f persons with disabilities;

— deviceq incorporating animal and/or human tissues;

— deviceq for in vitro fertilization or assisted reproduction technologies;

[SOURCE: GHTF/SG1/N071:2012, 5.1 modified to clarify thatdéntal devices are included]

3.15

nanomateyial

material (3.12) with any external dimension in theynanoscale or having internal structure or surface
structure in the nanoscale

[SOURCE: IISO/TR 10993-22:2017, 3. 7, modified — Notes to entry have been deleted.]

3.16

non-contagcting

indicates that the medical device (3.14) or medical device component has neither direct nor indifect
contact with body tissues

3.17

physical apd chemicalinformation

knowledgd regarding\formulation, manufacturing processes, geometric and physical properties pand
type of bofly contact’and clinical use that is used to determine whether any additional biologicdl or
material characterization testing is needed

3.18

risk analysis

systematic use of available information to identify hazards and to estimate the risk

[SOURCE: ISO 14971:2007, 2.17, modified— The Note has been deleted.]

3.19

risk assessment

overall process comprising a risk analysis (3.18) and a risk evaluation (3.20)

[SOURCE: I

SO 14971:2007, 2.18]
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3.20

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]

3.21

risk management

systematic application of management policies, procedures and practices to the tasks of analysing,
evaluating, controlling and monitoring risk

[SOPRCE: ISO 14971:2007, 2.22]

3.2p
toxjc
cappble of causing an adverse biological response

3.28
toxjcological hazard
potgential for a chemical substance or material (3.12) to cause an adverse biological reaction, taking into
accpunt the nature of the reaction and the dose required to elicit it

3.2

toxjcological risk
propability of a specified degree of an adverse reaction Occurring in response to a specifjed level of
exppsure

3.2

toxjcological threshold
lim{t, such as a tolerable intake (TI), tolerable\exposure (TE), allowable limit (AL) value, or] Threshold
of Toxicological Concern (TTC) below which adverse effects are not expected for relevant biological
endpoints

3.26
transitory contact
medical device (3.14) or medical device component that has a very brief duration of contact with
body tissue

4 |General principles applying to biological evaluation of medical devices

4.1| The biolegical evaluation of any material or medical device intended for use in humang shall form
parf of a strugtured biological evaluation plan within a risk management process in accorflance with
1SO[14971:2007, Annex I, as given in Figure 1 of this document. This risk management procgss involves
identification of biological hazards, estimation of the associated biological risks, and determination of
the1r dcceptability. Annex B provides guidance on this process. The biological evaluation shall £e planned,

carried out, and documented by knowledgeable and experienced professionals.

The risk management plan should identify aspects of the biological evaluation requiring specific
technical competencies and shall identify the person(s) responsible for the biological evaluation.

The evaluation shall include documented, informed consideration of advantages/disadvantages and
relevance of:

a) medical device configuration (e.g. size, geometry, surface properties) and a listing of a medical
device’s materials of construction (qualitative) and where necessary, the proportion and amount
(mass) of each material in the medical device (quantitative);

b) the physical and chemical characteristics of the various materials of construction and their
composition;

© IS0 2018 - All rights reserved 5
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NOTE Where this information is already documented within the risk management for the medical
device, it can be included by reference.

c) any history of clinical use or human exposure data;
NOTE Previous regulatory approval history can be relevant.

d) any existing toxicology and other biological safety data on product and component materials,
breakdown products and metabolites;

e) testprocedures.

Evaluation| can include both a review of relevant existing preclinical and clinical data and acfual

testing. Sugh an evaluation might result in the conclusion that no testing is needed if the material|has

a demonstrable safe history of use in a specified role and physical form that is equivalent to‘that of{the

medical dejvice under design. The type of information that can be useful to demonstrate equivalenge is

included in Annex B. Testing is usually not necessary when sufficient information is algeady available to

perform a risk assessment of the material and/or the medical device (see Annex C).

4.2 In the selection of materials to be used in the medical device manufacturé, the first consideration

shall be fitpess for purpose with regard to characteristics and properties of thie’material, which include

chemical, tpxicological, physical, electrical, morphological and mechanical properties.

4.3 TheJlollowing shall be taken into account for their relevance toythe overall biological evaluation of

the medicall device:

a) the mdterial(s) of construction (i.e. all direct and indirecttissue contacting materials);

b) intendpd additives, process contaminants and residues (for example, testing for ethylene okide
sterilization residuals shall be conducted in accordance with ISO 10993-7);

c) packaging materials that directly or indirectly'contact the medical device can transfer chemicals to
the mddical device and then indirectly to the-patient or clinician;

d) leachaple substances (see ISO 10993-17.and ISO 10993-18);

e) degradation products (see ISO 18993-9, for general principles and 10993-13, 10993-14 and 10993-
15 for degradation products frompolymers, ceramics and metals, respectively);

f) other gomponents and their-interactions in the final product;

g) the performance andrcharacteristics of the final product;

h) physicpl charactéristics of the final product, including but not limited to, porosity, particle gize,
shape and surface morphology.

Description of\medical device chemical constituents and consideration of material characterization

including thémical characterization (see ISO 10993-18) shall precede any biological testing [see

Figure 1). Chemical characterization with an appropriate toxicological threshold can be used to

determine

if further testing is needed (see Annex B, ISO 10993-17 and ISO 10993-18).

Physical effects of the medical device shall be considered if they impact the biocompatibility.

NOTE

See ISO/TR 10993-19 for information.

Medical devices that contain, generate, or are composed of nanomaterials can pose specific challenges
to the biological evaluation due to their potentially unique properties (see ISO/TR 10993-22).

Both local and systemic effects shall be considered for risk evaluation.

4.4 The biological evaluation shall commence with categorization of medical devices (see Clause 6).
Assessment of the information already available then enables a gap analysis to facilitate the selection

6
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of appropriate tests. The rigour necessary in the biological evaluation is principally determined by the
nature, degree, frequency and duration of the exposure and the hazards identified for the medical device
or material. Testing is usually not necessary when sufficient information is already available to perform a
risk assessment of the material and/or the medical device (see Annex C). For example, biological testing is
usually not necessary, if material characterization (e.g. physical and chemical) demonstrates equivalence
to a previously assessed medical device or material with established safety (see ISO 10993-18 and 1SO/

TR 10993-19).

The interpretation of the data shall take into account the chemical composition of the

materials,

including the conditions of exposure as well as the nature, degree, frequency and duration of exposure

of the bhodv to the medical device or its constituents

4.5| All known possible biological hazards shall be taken into account for every materia
profuct, but this does not imply that testing for all possible hazards will be necessarylor pr
Clagses 5 and 6). Test results cannot guarantee freedom from potential biological hazards, thul
invg

humans during clinical use of the medical device.

Thd
tox

range of possible biological hazards is wide and can include short-term effects sud
city, irritation to the skin, eye and mucosal surfaces, haemolysis and thrombogenicity,

| and final
hctical (see
5 biological

stigations shall be followed by careful observations for unexpected adverseyreactions dr events in

h as acute
as well as

long-term or specific toxic effects such as subchronic and chronictoxic effects, sensitizatiop resulting

in dllergy, genotoxicity, carcinogenicity (tumorigenicity) and effects on reproduction or de
including teratogenicity.

4.6 If testing is needed, selection of any in vitro or‘invivo tests (see Annex A) shall b
intgnded use.

In Vlitro test methods, which are appropriately validated, reasonably and practically availal
and| reproducible, shall be considered for use in‘preference to in vivo tests (see ISO 10993-2)
in vjvo tests are indicated by findings of the jinitial risk assessment, use of appropriate in vitra
if ayailable, shall be considered before in vivo tests are commenced. A rationale for the testir
as yell as for test selection, shall be ptovided. Test data, complete to the extent that an ir
analysis could be made, shall be evaluated by competent, informed professionals, and shall b

In d
non
the

ertain circumstances, suchsas:for specific medical devices, or biological endpoint assess
-standardized, non-validated test is necessary, additional information regarding the rz
study design and data.interpretation should be provided.

4.7
life

The biological’safety of a medical device shall be evaluated by the manufacturer ove
cycle of a medical device.

4.8
vali

For reé-usable medical devices, biological safety shall be evaluated for the maximum
dated-processing cycles by the manufacturer.

velopment,

b based on

le, reliable
Whenever
screening,
g strategy,
dependent
e retained.

ments, if a
tionale for

the whole

number of
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Figure 1 — Summary of the systematic approach to a biological evaluation of medical devices as

part of a risk management process
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4.9 The biological risk assessment of materials or final products shall be re-evaluated if any of the
following occur:

a)

b)
‘)

any change in the source or in the specification of the materials used in the manufac
product;

any change in the formulation, processing, primary packaging or sterilization of the pro

any change in the manufacturer's instructions or expectations concerning storage, e.g.
shelflife and/or transport;

ture of the

duct;

changes in

ing the appropriate edition of this document at the time of the assessment. Nevertheless,

1 H 4] . P [ | il | b
dlly LlldllgC IIT LIIT IIITIIUTU UsT UL LHT PTUUULL,

any evidence that the product can produce adverse biological effects when used inchumz

) The biological evaluation shall take into account preclinical tests, clinical investigat

L This document shall not be used to mandate re-testing of historical’products assessed

his new edition shall be shown, by providing a justification foromission of further test

of t
co

Cla
cur

5

5.1

Medical devices shall be categorized-according to the nature and duration of body contact 3

in5
infq

The
the
one
car

EXA
only
deli

mmendations for endpoint assessment per Annex A are-different from prior publishg
is document, a history of safe clinical use can be used to”document why additional t
mercially-marketed medical device is not needed. However, if any of the changes d¢
se 4.9 occur, an evaluation of the biologic risks related to the change shall be performe
‘ent version of this standard.

Categorization of medical devices

General

.2 and 5.3. The categorization of medical devices facilitates selection of appropriate dat
rmative Annex A).

evaluation of any medical device that does not fall into one of the categories specified s
general principles‘eontained in this document. Certain medical devices might fall into
body contact orf-duration category, in which case evaluation appropriate to each categd
ried out.

MPLE For medical devices that include both an implanted component, and a delivery system|
during-asstrgical procedure to place the medical device, the implant should be assessed separat
Very system.

Ins.

ions, post-

ket experience from similar medical devices or materials, and other reléyvant informpation (see
ex B).

previously
fompliance
ing. Where
d versions
psting on a
bscribed in
1l using the

s specified
a sets (see

hall follow
more than
ry shall be

thatis used
ely from the

EX

MPLE For gas pathway device components with only indirect contact, device specific stan

ards should

be used to determine the relevant type of blocompatlblllty evaluations [see ISO 18562 (all parts)].

5.2

5.2.

Categorization by nature of body contact

1 Non-contacting medical devices

These include medical devices (or components) that have neither direct nor indirect contact with the
body and where biocompatibility information would not be necessary. Diagnostic software, an in vitro
diagnostic device and a blood-collection tube are examples of non-contact devices.
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5.2.2 Surface-contacting medical devices

These include medical devices in contact with the following.

a) Skin

EX

Medical devices that contact intact skin surfaces only.

AMPLES

various types.

NOTE

Some medical devices used in either sterile or non-sterile environments include compon

Electrodes, external prostheses, fixation tapes, compression bandages and monitors of

ents

th

€q
for
de

(e.
us
ne

b) Mucos

Mg¢

EX
tul

pr
c) Breach

Mg¢

EX
tis

5.2.3 Ex

Externally
following 4

a) Blood

M¢

but serve as conduits to deliver fluids into the vascular system.

EX
sef

b) Tissue

t can come into contact with a user’s ungloved hands such as human interfaces for eleetr]
hipment (e.g. computer keyboards, dials or buttons, touch screens, SD cards, USB sticks); haus
electronic monitors or programmers that can come into contact with any intact skin (e.gyelectr
yices like cell phones, tablets); or components that can come into contact with a user’s _gloved h

bstheses and orthodontic devices.
ed or compromised surfaces
bdical devices that contact breached or otherwise compromised body surfaces.

AMPLES
Sue.

ternally communicating medicaldevices

communicating medical dewices shall be categorized according to their contact with
pplication sites.

bath, indirect

bdical devices oreomponents that do not necessarily directly contact the blood path dire
AMPLES
S.

behe/dentin

pnic
ings
pnic
and

b. catheter handles). If these types of components can be shown to be made from materjals in comnon
e for other consumer products with a similar nature of contact, no further biological evaluatign is
bded.

hl membranes

bdical devices that contact intact mucosal membranes.

AMPLES Contact lenses, urinary catheters, intravaginal apd<intra-intestinal devices (stonjach
bes, sigmoidoscopes, colonoscopes, gastroscopes), endotrachealtubes, bronchoscopes, some dgntal

Dressings or healing devices and ‘occlusive patches for ulcers, burns and granuldtion

the

ctly

Solution administration sets, extension sets, transfer sets and blood administration

M

EX

as

EXAMPLES

dicaldevices that contact tiSsUe, bone or puip/dentin Systems.

AMPLES

conduits to delivery fluids to the tissue or bone.

Tubing used for irrigation and medical device components that have fluid contact

can also contact the patient.

c) Circulating blood

— Maedical devices that contact circulating blood.

10

Laparoscopes, arthroscopes, draining systems, dental filling materials and skin staples.

Medical devices or components that do not necessarily directly contact tissue or bone but serve

that
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EXAMPLES Intravascular catheters, temporary pacemaker electrodes, oxygenators, extracorporeal
oxygenator tubing and accessories, dialysers, dialysis tubing and accessories, haemoadsorbents and
immunoadsorbents.

5.2.4 Implant medical devices

Implant medical devices shall be categorized according to their contact with the following
application sites.

a) Tissue/bone

— Medical devices principally contacting bone.

EXAMPLES Orthopaedic pins, plates, replacement joints, bone prostheses, bone cements and intra-
osseous devices.

— Maedical devices principally contacting tissue and tissue fluid.
EXAMPLES Pacemakers, drug supply devices, neuromuscular sensors.and simulators, yeplacement
tendons, breast implants, artificial larynxes, subperiosteal implants, ligation clips and |ntrauterine
devices that do not achieve their primary function by chemical actiyity-

b) |Blood

— Maedical devices principally contacting circulating blgodin the cardiovascular system.

EXAMPLES Pacemaker electrodes, artificial artetiovenous fistulae, heart valves, vasqular grafts,
internal drug-delivery catheters and ventricular assist devices.

NOTE Most tissues contain circulating bloed; however, this category is not intended td encompass
devices implanted into tissue that contain transitory released blood (e.g. a hernia repair graft).

5.3| Categorization by duration of contact

5.3]1 Contact duration categories
Medical devices shall be categarized according to the anticipated duration of contact as follgws.

a) |Limited exposure (A) ~ medical devices whose cumulative sum of single, multiple or repeated
duration of contact isup to 24 h.

b) |Prolonged expasure (B) - medical devices whose cumulative sum of single, multiple dr repeated
contact time js likely to exceed 24 h but not exceed 30 d.

c) |Long-term\exposure (C) - medical devices whose cumulative sum of single, multiple dr repeated
contagtitime exceeds 30 d.

5.3/2C~ Transitory-contacting medical devices

Some medical devices with limited exposure (A) have very brief/transitory contact with the body (e.g.
lancets, hypodermic needles, capillary tubes that are used for less than one minute). These generally
would not require testing to address biocompatibility. However, for products made with materials
such as coatings or lubricants that could be left in contact with body tissues after the medical device is
removed, it is possible that a more detailed biocompatibility assessment will be necessary. Cumulative
use should also be considered.

5.3.3 Medical devices with multiple contact duration categories

If a material or medical device can be placed in more than one duration category, the more rigorous
testing and/or evaluation considerations shall apply. With expected or intended multiple exposures to a
device, the decision into which category a medical device is placed shall take into account the potential

© ISO 2018 - All rights reserved 11


https://standardsiso.com/api/?name=107dd75a78363a8a96281f970e014bb0

IS0 10993-1:2018(E)

cumulative effect, bearing in mind the period of time over which these exposures occur. If a medical
device is intended to change during its lifetime, such as those that are polymerized and/or degraded
in situ, the evaluation shall consider all the different device states. For example, for an absorbable
glue intended to polymerize in situ, the different device states would include starting components,
intermediate reaction products, the fully polymerized material and degradation products.

6 Biological evaluation process

6.1 Physical and chemical information for biological risk analysis

Figure 1 indicates how the general steps in the physical and/or chemical characterization process|ink
to the overpll biological evaluation decision points.

Gathering physical and chemical information on the medical device or component is a crucial first gtep
in the biolggical evaluation and its associated process of material characterization. These data shquld
be sufficient to answer the first two rows of questions in the Figure 1 flow chart. Thé-éxtent of phydical
and/or chemical characterization required depends on what is known about the material formulation,
what nonclinical and clinical safety and toxicological data exist, and on the natdre and duration of body
contact with the medical device. At a minimum, the characterization shall“address the constityent
chemicals ¢f the medical device and possible residual process aids or additives used in its manufactpre.
In addition, it is possible that some physical characterization information will be needed for implanjted
medical deyvices or medical devices in contact with blood. Material chabacterization, if performed, shall
be conducted in accordance with ISO 10993-18. For nanomaterials sée ISO/TR 10993-22.

If the combination of all materials, chemicals and processes has an established history of safe usg in
the intend¢d application, and the physical properties have.ndt changed, then it is possible that further
characterization and additional data sets (e.g. chemical analysis of extracts or biological testing) will
not be necgssary. In this case the rationale shall be documented.

The identify and quantity of any novel materials)and chemicals present should be established or
measured.

For device|extractables and leachables that have sufficient toxicological data relevant to the expegted
exposure (quantity, route and frequengy); further testing need not be required. For medical devjices
that have known leachable chemical mixtures, potential interactions between the leachables should be
considered.

Where th¢ potential for degradation exists under the conditions of manufacture, sterilizatiion,
transport, [storage, and use of the medical device, the presence and nature of degradation prodyicts
shall be chpracterized in@ccordance with ISO 10993-9, ISO 10993-13, ISO 10993-14, and ISO 10993-15,
as applicalfle.

For materjals and/er medical devices that can release wear particles, the potential releas¢ of
nanopartidles should be considered as described in ISO/TR 10993-22.

6.2 Gap amalystsandselection of biotogical endpoints forassessment

Assess available information and compare to the data set(s) needed to assess the biological safety of the
medical device (see Clause 4, Annexes A and C). Identify additional reasonably and practicably obtained
data or testing needed to complete the data sets required to perform the risk assessment.

Characterize the data gap and determine its significance both to the assessment of the biological
endpoint (Annex A) and to the overall biological risk assessment. Identify options for data sets that
would address the data gap.

For example, pharmacopeial plastics’ testing is typically conducted on raw materials, whereas ISO
10993 evaluates the medical device in its final stage. Therefore, data from such pharmacopeial testing
is not sufficient for the final medical device without appropriate justification.
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The results of the risk analysis of identified chemicals can lead to the conclusion that additional material
characterization is necessary. Appropriate extraction testing, can be used to estimate the degree
of clinical exposure to the chemical constituent (see ISO 10993-18). The acceptability of the level of
estimated leachables shall be established by comparing the amount of each compound extracted from
the medical device to its respective relevant toxicological threshold as developed in accordance with

ISO

NOTE

10993-17.

For example, when the margin of safety is not considered adequate if the entire amount of

chemical is leached out during use, appropriate extraction testing can be used.

aparticular

Protection of humans is the primary goal of this document; a secondary goal is to ensure animal welfare

and to minimize the number and exposure of the test animals. [SO 10993-2 applies to any i |

bei

1y
2)

6.3

6.3

In
of

b)

)

g considered. Additional in vivo testing shall not be carried out where

results are available from relevant studies that have been carried out previously, of

vivo testing

the existing non-clinical and clinical data, including history of safe use, meet'the requirements of

biological evaluation and therefore further animal testing would be unethical. In as:
relevance of data on prior use of a material to the biological evaluation, the level of confid
historical data should be taken into account. ISO 10993-18:2005, Annex C, gives some i
principles for judging chemical equivalence.

Biological testing

1 General

ddition to the general principles given in Clause.4,¢he following shall apply when biolog
edical devices is considered necessary as part,0fthe overall risk management process.

essing the
ence in the
hformative

cal testing

Testing shall be performed on the finalNmedical device, or representative sample§ from the
final device or materials processed im~the same manner as the final medical device| (including
sterilization, if needed).

The choice of test procedures shall take into account:

1) the nature, degree, duration, frequency and conditions of exposure to or contact|of humans
with the medical device in the normal intended use;

2) the chemical and physical nature of the final medical device;

3) the toxicoldgical activity of the chemicals in the formulation of the final medical deyice;

4) that ¢ertain biological tests (i.e. those designed to assess systemic effect§) are not
justifiable where the presence of leachable chemicals has been excluded (in accorflance with
[SO-10993-18), or where chemicals have a known and acceptable toxicity profile, allowing the
safe use by evaluation in accordance with ISO 10993-17 and risk assessment in ficcordance
with ISO 14971;

5) the ratio of device surface area to recipient body size and mass (e.g. device miniaturization for
implantation testing in animal models);

6) the existing information based on the literature, previous experience and non-clinical tests;

7) the sensitivity and specificity of the test being considered in relation to the impact of the
resulting data set on the biological evaluation;

8) that ISO 10993-2:2006, 4.4, requires that any pain, suffering, distress or lasting harm to the

animals used shall be minimized.

If extracts of the medical devices are prepared, the solvents and conditions of extraction used
should be appropriate to the nature and use of the final product, as well as to the predictability

© ISO 2018 - All rights reserved
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(such as test purpose, rationale, sensitivity, specificity, etc.) of the test method, and shall be
prepared in accordance with ISO 10993-12. Whenever possible, the extraction conditions selected

should
d)

represent at a minimum, an exaggeration of use conditions.

Positive and negative controls should be used where appropriate.

The test methods used in the biological evaluation tests shall be sensitive, precise and accurate. When
biological testing is conducted, it shall be carried out in accordance with good laboratory practices.

NOTE I

The test

and robust.

6.3.2 Te

Testing for
necessary

device. Where the existing data are adequate, additional testing is not required (see Annexes A and

Due to the

for all endpoints identified in a category (see ISO 14971) for a given medieal device. It is indispens

SO/IEC 17025 or equivalent.

sting for evaluation

the evaluations specified in 6.3.2.1 to 6.3.2.15 shall be considered and carried out wh
to complete the data sets needed for the biological evaluation of the(particular med

diversity of medical devices, it is recognized that testing will not be&hecessary or practic

lere
ical
C).

hble
hble

for evaluations that each medical device be considered on its own merits. Nanomaterials can gose
specific chpllenges (e.g. assay interference) when applying test systems commonly used for medical
device evaluation and when interpreting test results (see [SO/TR10993-22).

Additional| endpoints not indicated in the table can be, hecessary (e.g. reproductive toxigity,
developmental toxicity, degradation and toxicokinetics).

6.3.2.1 (ytotoxicity

Cytotoxicitly tests employing cell culture techniques can be used to determine the cell death (e.g.|cell
lysis), the [inhibition of cell growth, colony forimation, and other effects on cells caused by medical
devices, mpterials and/or their extracts. If testing is performed, it shall be conducted in accordgnce
with ISO 1(993-5.

6.3.2.2 SYensitization

Sensitizatipn (e.g. delayed-type hypersensitivity) tests can be used to estimate the potential for confact
sensitizatipn by medical devices, materials and/or their extracts, using an appropriate model. If tesfing
is performed, it shall be eonducted in accordance with ISO 10993-10.

These test$ are important because repeat exposure or contact to even very small amounts of potential
leachables[can resultin sensitization, which can lead to allergic reactions.

6.3.2.3 Iyritation (including intracutaneous reactivity)

Irritation tests can be used to estimate the irritation potential of medical devices, materials and/or
their extracts, using an appropriate site for application such as skin, eye and mucous membrane in a
suitable model. The test(s) performed shall be appropriate for the route (skin, eye, mucosa) and duration
of exposure or contact, and shall be conducted in accordance with ISO 10993-10.

The intracutaneous reactivity test can be used to assess the localized reaction of tissue to medical
device extracts. This test is applicable where the determination of irritation by dermal or mucosal tests
is inappropriate (e.g. where medical devices are implanted or have blood contact). This test might also
be useful where extractables are hydrophobic (see ISO 10993-10).
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6.3.2.4 Haemocompatibility

Haemocompatibility tests can be used to evaluate, using an appropriate model or system, the effects of
blood-contacting medical devices or materials on blood or blood components.

One haemocompatibility test, haemolysis, determines the degree of red cell lysis and the release of
haemoglobin caused by medical devices, materials, and/or their extracts in vitro.

Other specific haemocompatibility tests can also be designed to simulate the geometry, contact
conditions and flow dynamics of the medical device or material during clinical applications and

determine blood/material/device interactions.

Any

6.3

Pyr
rea
tha
Anr
biol

6.3

testing performed shall be conducted in accordance with ISO 10993-4.

2.5 Material-mediated pyrogenicity

pgenicity tests as part of a biological evaluation are intended to detect materigl-mediatec
are material-mediated from those due to endotoxin contamination (see ISO 109

ex G). Material-mediated pyrogenicity is rare. It has been observed-in medical devices
ogically-derived materials.

2.6 Acute systemic toxicity

Acute systemic toxicity tests can be used where contact allows potential absorption of toxic
and degradation products, to estimate the potential<harmful effects of either single ¢
exppsures, during a period of less than 24 h, to medi¢al devices, materials and/or their ext

ani
sha

If fd
imp

Wh
ass

bod
the

6.3
Sub

al model. These tests shall be appropriate for‘the route of exposure, and any testing
1 be conducted in accordance with ISO 10993-11.

asible, acute systemic toxicity tests can,be combined with subacute and subchronic t
lantation test protocols.

pyrogenic

Ctions of extracts of medical devices or materials. No single test can differéntiate pyrogenic reactions

D3-11:2017,
containing

leachables
r multiple
racts in an
performed

bxicity and

bre an evaluation of systemic (toxicity is specified in Table A.1, biological testing
essment shall include assessment of the potential for biological responses in tissues thr

medical device.

2.7 Subacute and-subchronic toxicity

acute and subChronic toxicity tests can be carried out to determine the effects of eithe

multiple exposures or contact to medical devices, materials and/or their extracts for a peri

tha
inr

The

24 h toaperiod not greater than 10 % of the total life-span of the test animal (e.g. up t
hts).

se_tests shall be waived if available data for the chronic toxicity of the relevant mg

r the risk
{Jghout the

y (e.g. per ISO 10993-11:2044 Annex E), including the organ systems relevant to the clipical use of

r single or
od not less
b 13 weeks

terials are

suf

TCTCTIC toO OO vy trrc oot ote oo oo o CIiT ITITcToXTeTTy

ving of the

tests shall be included in the overall biological evaluation report. These tests shall be appropriate for

the

route and duration of contact.

Subacute and subchronic toxicity tests, if performed, shall be conducted in accordance with

ISO

10993-11.

If feasible, subacute and subchronic systemic toxicity test protocols can be expanded to include
implantation test protocols to evaluate subacute and subchronic systemic and local effects.

6.3.

2.8 Chronic toxicity

Chronic toxicity tests can be used to determine the effects of either single or multiple exposures to
medical devices, materials and/or their extracts during a major period of the life-span of the test animal
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(e.g. usually 6 months in rats). These tests shall be appropriate for the route and duration of exposure

or contact,

and if performed, shall be conducted in accordance with ISO 10993-11.

If feasible, chronic systemic toxicity test protocol can be expanded to include an implantation test
protocol to evaluate both chronic systemic and local effects.

6.3.29 1

mplantation effects

Implantation tests can be used to assess the local pathological effects on living tissue, at both the gross
level and microscopic level, of a sample of a material or final product that is surgically implanted or

placed in 3
tests). The
conducted

If feasible,
to meet ac
applicable

When app
studies wi
toxicologic

be tests shall be appropriate for the route and duration of contact, and if performed, sha
in accordance with ISO 10993-6.

implantation test protocols can be expanded to evaluate both local and systemic effi
ute, subacute, subchronic, and chronic toxicity testing requirements (see SO 10993-6

‘opriately designed simulated use animal studies are planned, it is-anticipated that t}
| be used to address a range of endpoints including both physicaliahd biological risk
al hazard and/or toxicological risk). For instance, chronic/subchronic/subacute and a

systemic t¢xicity endpoints can be built into a single study. One can conSider an experimental de

where a cl
local effect
remote loc

nically relevant quantity of material is implanted in the relevant organ or tissue to as
s, and an exaggeration of the anticipated clinical exposure/dose is implanted possibly
htion so the systemic exposure provides a suitable measure of exaggeration.

hnd feasible, evaluation of haemocompatibility aspects can be included (s€e\iSO 10993-4).

| be

pCts
). If

ese
(i.e.
ute
bign
bess
at a

6.3.2.10 Genotoxicity

me
| /or
d in

Genotoxicity tests can be used to assess the potential for gene mutations, changes in chromos
structure and number, and other DNA or gene toxicities caused by medical devices, materials anc
their extragts. A battery of in vitro tests is initiallyused. If testing is performed, it shall be conducte
accordance¢ with ISO 10993-3.

NOTE Additional information is given in ISO/TR 10993-33.

ies,
Ccity
ght

If any of the in vitro tests are positive;*follow-up can include a chemical identification of impuri
extractabl¢ or leachable chemicals-or'additional genotoxicity testing. Acceptance of the genotoxi
risk shall He based on the results,ofa risk assessment, including, for example patient exposure, we
of evidencg¢ (WOE) and mode ofaction (MOA) information, if available.

6.3.2.11 (arcinogenicity.

ISO 10993
or their ex

3 discusses the strategy for evaluating carcinogenicity of medical devices, materials aind/
[racts over a period of the major portion of life-span of the test animal. Carcinogenicity jay
be addresjedAnrith a risk assessment including chemical identification of impurities, extractabl¢ or
leachable dhemicals, patient exposure to these chemicals, weight of evidence (WOE) and mode of acfion
(MOA) information, if available. Carcinogenicity information should be appropriate for the route and
duration of exposure or contact, and can be available from the toxicity literature. In the absence of
any significant cancer risk, it is rare for carcinogenicity tests to be considered appropriate for medical
devices. However, if it is determined that carcinogenicity testing of the final medical device is needed,
it is possible that lifetime studies or transgenic models will be appropriate. It is also possible that these
tests can be designed to examine both chronic toxicity and tumorigenicity in a single experimental
study, as described in OECD Guideline 453.

6.3.2.12 Reproductive and developmental toxicity

Reproductive and developmental toxicity tests referenced in ISO 10993-3 can be used to evaluate
the potential effects of medical devices, materials and/or their extracts on reproductive function,
embryonic development (teratogenicity), and prenatal and early postnatal development. These
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endpoints may be addressed with a risk assessment including chemical identification of impurities,
extractable or leachable chemicals, patient exposure to these chemicals, weight of evidence (WOE)
and mode of action (MOA) information, if available. Reproductive toxicity evaluations shall only be
conducted when the medical device has potential impact on the reproductive potential of the subject.
In addition, developmental toxicity evaluations should be considered for medical devices or their
materials used during pregnancy.

Reproductive and developmental toxicity should be addressed for novel materials, materials with a
known reproductive or developmental toxicity, medical devices with relevant target populations (e.g.
pregnant women), and/or medical devices where there is the potential for local presence of medical

device materials in the reproductive organs

6.3]2.13 Degradation

Degdradation information shall be provided for any medical devices, medical deyice components or

materials remaining within the tissue, that have the potential for degradation within the human body.

Degdradation tests shall be considered if

a) [the medical device is designed to be absorbable, or

b) |an informed consideration of the finished medical deviceycomposition indicates |that toxic
degradation products might be released during body conta¢t.

Parpmeters that affect the rate and extent of degradation shall be described and documentegl.

Thg mechanisms of degradation should be described. These mechanisms should be simulatedl in vitro to

determine the rates of degradation and release of pptentially toxic chemicals to estimate th¢ exposure.

It islalso possible that in vivo tests will be required\to assess degradation of a material.

In Wivo degradation tests might not be necessary if an in vitro/in vivo comparison for the pbsorbable

medical device has been previously demonSstrated and in vitro degradation studies show thlat only the

ate similar
generated,
and shape,
st relevant

propable products of degradation are prelsent in the predicted quantities, and produced ata 1
to those that have a history of safe clinical use. When particulate degradation products are
testls might not be necessary if they’are present in a physical state, i.e. size distribution
simjilar to those with a history, of.safe clinical use or sufficient degradation data already exi
to the substances and degradation products generated in the intended use already exists.
A general framework fordegradation tests is given in ISO 10993-9.
Spe
ISO

cific in vitro degtadation tests for polymers, ceramics and metals are described in ISQ
10993-14 andqS0O 10993-15 respectively.

10993-13,

Wh
des

bn particulate degradation products are present in the form of nanomaterials, tests| should be

gned eonsidering ISO/TR 10993-22.

6.3{2:14 Toxicokinetic studies

The purpose of conducting toxicokinetic studies is to evaluate the absorption, distribution, metabolism
and excretion (ADME) of a chemical.

The need for in vivo toxicokinetic studies, to determine the processes of absorption, distribution,
metabolism and elimination of leachables and degradation products of medical devices, materials and/
or their extracts (see 6.3.2.13 and ISO 10993-16), shall be considered in the light of results from the in
vitro degradation studies.

When deciding whether or not to conduct toxicokinetic studies as part of the biological evaluation of
a medical device, the final product and its chemical constituents, including potential and designed
degradation products and leachables in combination with the intended use of the medical device, shall
all be taken into account (see 6.3.2.13).
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Where appropriate, theoretical degradation processes shall be investigated prior to toxicokinetic
studies by means of in vitro experiments (e.g. tissue, homogenates or cells), not only for animal welfare
reasons as given in ISO 10993-2, but also to determine probable rather than possible degradation

products.

Toxicokinetic studies shall be considered if

the medical device is designed to be absorbable, or

known or likely, and/or migration of leachables from the medical device occurs, or

the medical device is a long-term contact implant, and degradation or significant corrosion is

a)
b)
c) the m
reactiv
d)
the bo
e) druga
Toxicokine
products a

levels of cl
data releva

The releas
to justify t

Toxicokine]
conducted

Specific co

6.3.2.15 1

Whilenots
with parti
shall be cq
sources th

chemicals
ISO/TS 109

Specific co

7 Inter
assessm

substantial quantities of nano-objects are likely or known to be released from a medicaldevice

e degradation products and leachables into the body during clinical use, or

ly during clinical use, or
hd device combination products.

tic studies are not required if the achieved or expected rates of release of degrada
nd leachables from a particular medical device or material have;beéen judged to provide

nt to the degradation products and leachables already exist:

e of leachables and degradation products from metals,-alloys and ceramics is usually too
pxicokinetic studies, unless the material is designed to.degrade.

tic studies for degradation products and extrdctables/leachables, if performed, shal
in accordance with ISO 10993-16.

nsiderations for toxicokinetics studies with nanomaterials are given in ISO/TR 10993-22

mmunotoxicology

ular reference to the potential immunotoxicity of medical devices. Immunotoxicity tes
nsidered based on the-chemical nature of the materials of manufacture and data fi
it are suggestive of immunotoxicological effects or if the immunogenic potential of any of
s unknown. If immunotoxicity testing is performed, it shall be conducted in accordance V
93-20.

hsiderationsdforimmunotoxicity testing of nanomaterials are provided in ISO/TR 109934

pretation of biological evaluation data and overall biological risk
ent

pdical device is likely or known to release substantial quantities of potentially toxi¢

or

nto

Fion
bafe

nical exposure with historical experience, or if sufficient toxicological data or toxicokinfetic

low

be

pecificallyaddressed in Annex A, ISO/TS 10993-20 provides an overview ofimmunotoxicology

[ing
fom
the
ith

22.

Expert assessors who have the necessary knowledge and experience shall determine and document:

the str

a)
b)

ategy and planned content for the biological evaluation of the medical device;

the risk management plan;

‘)
d)
e)
f)

the int

18

the adequacy of the material characterization;

the rationale for selection and/or waiving of tests;

erpretation of existing data and results of testing;

the need for any additional data to complete the biological evaluation;

the criteria for determining the acceptability of the material for the intended purpose, in line with
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g) overall biological safety conclusions for the medical device.

Informative Annex A gives the general endpoints that should be considered for each device contact type
and duration category in a biological risk assessment.
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En

A.1 Gen,

Annex A
(informative)

dpoints to be addressed in a biological risk assessment

ral

The follow
for testing

sets relevant to that endpoint should be evaluated to determine if any additional data setsare nee

For particy
fewer endp

In Table A.
evaluated
testing, or
assessmen

Any variat
that includ

S

|

ng is a framework for the development of a biocompatibility evaluation and is not acchec}
Where Table A.1 indicates that an endpoint is relevant for assessment, the existing ¢

lar medical devices, there is a possibility that it will be appropriate to include’additiond
oints than indicated.

|; X means prerequisite information needed for a risk assessment; E'means endpoints t
n the risk assessment (either through the use of existing data, additional endpoint-spe
a rationale for why assessment of the endpoint does not require an additional data

)

on should be justified in the biological risk assessment. If thére are device specific standg
e specific recommendations regarding biocompatibility;these should be considered.
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A.2 Rationale for endpoints in Table A.1

The following endpoints were not included in the fourth edition (2009) of this document. The rationale
for inclusion of each endpoint with this revision is addressed below.

© ISO 2018 - All rights reserved

Physical and/or chemical information (all medical device categories, with all types of contact,

and all durations of contact).

This information is used for all medical device types to determine whether further biological

testing is needed.

Irritation or imtracutaneous reactivity (extermatly commumnicating medical dey
indirect blood path contact, and a long term duration).

Components with long term indirect contact with blood (e.g. infusion systems) can
irritants into the blood stream that should be addressed as part of the biological'risk as;

Material mediated pyrogenicity and acute systemic toxicity (medical’devices with
or compromised surface contact and all durations of contact).

Extractables/leachables can be introduced to the systemic cirgtlation through b
compromised surfaces, and therefore both material mediated pyrogenicity and acut
toxicity should be considered.

ices, with

introduce
essment.

breached

eached or
e systemic

Material mediated pyrogenicity (externally commiunicating medical devices and implant

medical devices with all types of contact, and all durations of contact).

Extractables/leachables can be introduced to the’systemic circulation, lymphatic syst
cerebrospinal fluid, and therefore material mediated pyrogenicity should be considered

Acute systemic toxicity (surface medic¢al devices with mucosal membrane co
prolonged or long term contact; and externally communicating medical devices w
bone/dentin contact for a limited duration; and implant medical devices with ti
contact for a limited duration),

Extractables/leachables can be introduced via mucosal membranes and to the systemic
lymphatic system, and/or«cerebrospinal fluid, and therefore acute systemic toxicity|
considered.

Subacute toxicity (all medical device types with prolonged and long term contact)

For medical devices/components with more than 24 hours use, extractables/leachah
introduced te'the systemic circulation, lymphatic system, and/or cerebrospinal fluid, an
subacute teXicity should be considered.

Subchreonic and chronic toxicity (all medical device types with long term contact).

For “medical devices/components with at least 30 day use, extractables/leachabl

bm, and/or

htact, and
ith tissue/
sue/bone

tirculation,
should be

les can be
1 therefore

es can be

e, AP | Ao+l £ 3 133 lats 1 Lots £ d Lo ralas 3 Lfl.aad
I OOt tOTtIIC S y STCTHTCCIT CUTA CIUTE, Ty HTPITAatICS Y ST, a ity OT CCTCOT USPTIITAT TTUTC, ot

subchronic and/or chronic toxicity should be considered.

d therefore

Implantation effects (surface medical devices with mucosal membrane contact, and
prolonged or long term contact; and surface medical devices with breached or compromised
surface contact, and prolonged or long term contact).

For medical devices/components with this type of contact, local and systemic effects from
implantation should be considered. For medical devices/components where repeat use could
change the category from limited to prolonged or long-term duration, information on potential for
accumulation of chemicals in the tissue can be used to inform whether implantation testing should
be considered.
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Implantation effects (externally communicating medical devices, with indirect blood path
contact, and a long term duration).

Components with long term indirect contact with blood (e.g. infusion systems) can introduce
extractables/leachables into the blood stream that could impact the inflammatory response
to direct contacting components of the medical device (if applicable). If literature is available
to address systemic toxicity of all extractables/leachables, and there is no direct contacting

compo

nent, it is possible that implantation assessments will not be needed for this category.

Genotoxicity (externally communicating medical devices, with circulating blood contact for
a limited duration).

For mg¢
introd
genotd

Genot

Extrac
device

Carcin
along
devicd

Extrac
cerebr
assess

iced into the blood stream and remain after the medical device is removed, andythere
xicity should be considered.

pxicity (implant medical devices, with blood contact for a limited duration).

tables/leachables can be introduced into the blood stream and remdimafter the med
is removed, and therefore genotoxicity should be considered.

ogenicity (surface medical devices with breached or compriemised surface contact

s with a long term duration).

tables/leachables can be introduced into systemic circulation, lymphatic system, anc
pspinal fluid, and therefore carcinogenicity should be:addressed as part of the biological
ment.

bdical devices/components used in extracorporeal circuits, extractables/leachables carl be

fore

ical

for

term duration; and all externally communicating medical devices and implant medjcal

| /or
isk
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Annex B
(informative)

Guidance on the conduct of biological evaluation within a
management process

B

B.1

Thi
req
eva
doc

be yised to better understand the requirements of this document andto illustrate some of {

met

Bio

mamnagement processes. Therefore this annex includes guidahce on the application of this d

the
an

me

As 9
way
rev
Vitr
und
mirn
con
infq
to 4
rele

Wh
reg

An

e
ma}agement process for biological evaluation as part of the overall evaluation and devel

Background information

.1 General

5 annex provides guidance on conduct of biological evaluation of medical-dévices accor
1irements of this document. Although this document provides a general framework fo

Lment. As a result, this Annex was developed to provide such guidance to users. This gu

hods and approaches available for meeting the requirements.

ogical evaluation is a design verification activity whigh/is set in the context of by

context of risk management processes conducted ac¢erding to the requirements of 1SO
x describes concepts and methods that can be considered in establishing and maintai

ical device.

cientific knowledge advances our understanding of the basic mechanisms of tissue res
' biological evaluation is carried out,can also change, moving towards an evaluation |
ew of relevant established scientific;data and upon physical and chemical characteriz
p testing, with in vivo testing only being carried out where these are required to fill
erstanding. This document specifies a framework in which to plan a biological evalu
imizes the number and eXposure of test animals by giving preference to identifyin
Ktituent testing and in-vitro models in situations where these methods yield equal
rmation to that obtained from in vivo models. The selection of which approach(es) are
particular medical:device will depend on the nature of the medical device, the extent
vant scientific dataand upon risk assessment.

en judging the-applicability of the guidance in this annex, applicable regulatory requirg
latory guidance should be considered.

brganization can voluntarily incorporate guidance from this annex, wholly or in part, i

malllagement process.

risk

ling to the
" biological

uation of medical devices, more detailed guidance can be helpful in the practical applicdtion of this

idance can
he various

oader risk
bcument in
4971. This
ing a risk
ment of a

bonses, the
ased upon
ion and in

ps in our

}}
ion which

b chemical
y relevant
applicable
f available

ments and

nto its risk

Guidance contained in this annex can be useful as background information for those representing risk
management process assessors, conformity assessment bodies and regulatory enforcement bodies.

B.1

.2 Relationship with other standards, guidance documents and regulatory

requirements

The relationship between this document, this annex and the standards for biological evaluation of
medical devices and general risk management is summarized as follows:

this annex provides guidance on the application of this document;

— biological evaluation is a component of risk management and this Annex includes guidance on the

©IS

application of ISO 14971 to the conduct of biological evaluation.
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This annex does not add to, or otherwise change, the requirements of this document. This annex does
not include requirements to be used as the basis of regulatory inspection or certification assessment

activities.

B.2 Biological evaluation as a risk management practice

B.2.1 General

B.2 and B.3 describe a continuous process by which a manufacturer can identify the biological hazards

associated

with medical devices, estimate and evaluate the risks, control these risks, and monitor

the

effectivene
biological ¢
of medical
potential r
device. The
benefit pro

Considerat
should con
benefits of
For examp
mechanica

is of accep’t

undertake
the medica

Material se

The selection of materials plays a crucial role in evaluating the biological safety and, when approac

in a system

to define the acceptable biological risk should be established at the start of the design process. Beca

starting mj
aging coul
into the rig
the achievg
use of the

identification of all hazards and the estimation of associated risks. Adequate risk assessment requI[
ration of toxicological hazards and exposures, as well as other potential biological respo

characterij
to medical

A major cd
TR 10993-

define

identif]

ss of the control. Appropriate protection of the patient should be achieved by implementi
valuation plan which includes, as an essential element the weighing of the risks and-beng
devices. Benefit to the patient from the use of medical devices entails the acceptanc
sks. These risks will vary depending on the nature and intended use of the specific med
level of risk which is acceptable for a specific medical device will depend upon the expe
vided by its use.

ion of biological risk is only one aspect of the risk assessment of a-medical device, w
Kider all aspects of risk. In some cases it can be specifically necessary to consider the rel

materials of different biological safety profiles in the context 6f some other characteri
e it can be possible that the most biologically safe material available can have unaccept
strength, in which case it would be necessary to consider-if*an alternate stronger mate
able biological safety. It is fundamental to the conduct/of biological evaluation that i
 as part of the overall risk management process requited in the design and developmer]
| device.

lection and risk analysis are integral components of the design process for medical devi
atic way, allows the collection of relevant data. In line with ISO 13485 and ISO 14971, crit

aterial, formulation and processing-variations including packaging, transportation
1 impact final product biocompatibility; these considerations should also be incorpor
k assessment. The biological evaluation should be designed and performed to demonst
bment of specified criteria forsafety based on outputs of the risk analysis and/or histor
same material. This evaluation is a component of the risk management plan encompas

devices.

mponent in hazard identification is material characterization (see ISO 10993-18 and |
19). The folloWing steps can be identified:

and chatracterize each material, including suitable alternative materials;

yhazards in materials, additives, processing aids, etc.;

hg a
fits
e of
ical
ted

ich
ive
5tic.
hble
rial
[ be
t of

ces.
hed
bria
use
and
ted
rate
y of
bing
res
ses

S0/

compo

nents, or final product sterilization) on chemicals present in final product;

degradation products from a degradable implant);

Informatio

estimate exposure (total or clinically available amounts);

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

n on biological safety to be reviewed can include:

— toxicology data on relevant component materials/compounds;

26

identify the potential effect of downstream processing (e.g. chemical interactions between material

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

© ISO 2018 - All rights reserved
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information on prior use of relevant component materials/compounds;

data from biological tests.

The risks posed by the identified hazards should then be evaluated. At this stage it should be possible 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 testing is needed to
support biological safety. Testing should not be conducted if risks are found to be unacceptable. When
existing data are insufficient, additional information should be obtained. The purpose of testing is to
obtain additional data which can assist in reaching a conclusion. A rationale for testing should therefore

be |

The
ass

The
eva
the

Thd
reld

trapsparent manner. It is very important that the factors leading te the conclusion are fully

wit
unc

Thd
diff}
ove

In s
the
req

B.2

ISO
eva
of t
the
thid
ISO

Thd
incl

©IS

ased on an analysis of the relevant risks which are indicated Irom the existing data.

results of any tests should be assessed. Test reports should include descriptive ‘ev
pssment of the findings and qualitative assessment of their acceptability.

uation of biological safety and if so document how the conclusion on safety was reache
rationale for any decisions and the impact of test results and other inforuration on the as

evaluation should be documented in a report that indicates thé-identity and signifig
vant evidence and highlights the scientific basis of the overall cenclusions in an accurat

h succinct and accurate rationales for each judgment and“identification and discusq
ertainties underlying each decision.

components of risk management are summarizedin Figure B.1 (taken from ISO 1
brent elements of a biological evaluation process-¢an be considered in terms of the elem
Fall risk management process.

ummary, biological evaluation should be'seen as an element of risk management pi
refore the conduct of a biological evaluation of a medical device should aim to mee
lirements of this document and ISO 14971.

.2 The biological evaluation plan

14971:2007, 3.4, requires-that risk management activities be planned in advance. Sincg
uation is a risk management activity, a Biological Evaluation Plan is required, and this
he Risk ManagementRlan. It is emphasized that simply planning to conduct testing ag
aspects of biocompatibility identified in Annex A does not meet the requirements of IS
document. An éxample of how this guidance can be applied to a medical device can
18562-1.

biological ‘evaluation plan should be drawn up by a knowledgeable and experienced
pde assaminimum:

arrangements for gathering of applicable information from the published literature

idence, an

assessor should determine if the available information is sufficient to meet the purpose of the

 including
sessment.

ance of all
b, clear and
discussed
ion of any

1971). The
ents of the

actice and
t both the

 biological
forms part
hinst all of
D 14971 or
be seen in

team and

(including

aformation caonrcac and coqarch cfwﬂfnn’lnc\ 1h houcaand cinnliordata and athar conread
T o o o o uTr et T o Car e ottt e 5Teyy oot o o U P pPIre T troreer o r e orerre o oo e

conduct risk analysis;

arrangements for conducting the evaluation, including the requirement for any specifi
competencies relevant to the specific medical device application;

in order to

c technical

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 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.
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Risk analysis

Intended use and
identification of

characteristics related to the
safety of the medical device

Identification of hazards

Estimation of the risk(s) for

each hazardous situation

Y

Risk evaluation

Risk control

Risk control option
analysis
Implementation of risk
control measure(s)
Residual risk evaluation
Risk/benefit analysis
Risks arising from risk
control measures
Completeness of risk
control

Evaluation of overall residual

risk acceptability

Risk management report

Production and post-production

Rigk assessment

Y
Risk management

Tformation

Figure B.1 — A schematic representation of the risk management process (taken from
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B.3 Guidance on risk management

B.3

B.3.

.1 Risk assessment

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).

B.3{1.2 Risk analysis
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fingl form of the medical device in its manufactured state, taking'into account the prese
manufacturing additives, processing aids or other potential coritaminants such as sterilay

Effd
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analysis is the process of identifying the specific hazards and assessing theircsignificance. In a

gical evaluation, one important consideration is the potential toxicity of materials c
their route of exposure. Another important consideration is how physical properties ¢
iological response. Risk analysis should be methodically conducted by means of estimat
each material/component for each route of exposure and toxicological effect.

analysis therefore begins with identification and characterization of the indirect
e-contacting materials and components of the medical device; This should be done ba

cts of processing on materials composition and chemistry (including both bulk and surf
11d also be considered. In particular, where reactive orhazardous ingredients have been
be formed by, the production, processing, storage orxdégradation of a material, the possil
sence of toxic residues should be considered. The fotential for interactions with or intr
faminants from packaging materials should also-be considered.

sical and chemical material properties are rélevant to biological safety and will need to b
his stage. These can include one or more-of the following:

wear, load, fatigue, e.g. especially it load bearing medical devices such as total joint
and the associated production(of-particulates (which could include nanomaterials) o
degradation;

friction and associated irritation, e.g. in applications such as catheters;

interactions betweén) material combinations (chemical interactions), e.g. different
galvanic corrosion;abrasion;

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

manufaetyfring processes, e.g. internal stresses produced can promote environme
cracking (ESC), morphological changes, or degradation;

environmental interactions, e.g. endoscope (stomach acids), dressings (external environ
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electricity, e.g. short circuits, degradation, heating, muscle stimulation;
potential interactions between components;

effect of physical form, e.g. particulates, which could include nanomaterials;
processing;

transportation and aging.
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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 medical device under evaluation.

NOTE1 Informative Annex C provides guidance on conduct of literature review.

Chemical characterization should then be 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.

The range of toxicological effects is wide. Clause 5 and Informative Annex A provide guidance to
relevant toRic effects for different exposure routes and durations. .. . |

In addition|to characterization of extractables and leachables, physical properties of the medi¢al deyice
that could pdversely impact the biological response to the medical device should be considered, such as
geometry, stiffness, etc.

NOTE 2  Hor the characterization and testing of particulates, nanomaterials require-~specific attention,
because maferials with sub-micron components (e.g. nanomaterials) have been shown, inseme cases, to belhave
differently than the same materials at larger scales, and extrapolation of data from larger sized materials i not
appropriate.

B.3.1.3 Hisk estimation

From a chemical toxicity perspective, risk estimation in additiorito” consideration of the toxicology
of identifigd materials components also includes consideration.of the anticipated exposure, e.g.|the
bioavailability of leachable or soluble components (see 1SO 10993-17). From a material prop¢rty
perspectivg, risk estimation also includes exposure that smight be anticipated due to the use of|the
medical deyice.

Risk is typically estimated by assigning values to theprobability of occurrence of harm and the sevefrity
of that harm. In general toxicological terms, likeliliood can be estimated from knowledge of the actual
availability of toxic components and the known.dose response in relevant tissue(s). The severity cah be
assessed in} terms of the nature of the toxicresponse. From a material property perspective, likelihjpod
can be estimated from physical testing such-as for wear debris, and severity can be assessed in ternis of
the nature(of the biological response frdm literature or animal studies.

If insuffici¢gnt information is available-from published literature, in-house data and documented clinfical
history of the subject medical devices or materials, risk estimation can require conduct of chentical
or physical characterization érbiological testing to estimate or quantify the hazards which cannof be
satisfactorjly determined ffem prior knowledge. Such investigations should be conducted in accordgdnce
with applidable parts ofISO 10993.

Test selecfions for¢risk estimation purposes can only be determined after the completion of|the
review of dxisting-kniowledge, as the tests should be specifically selected to address the deficiencigs in
knowledged identified in the review (see Annex C).

The amoutef-datareqtiredforriskanalysisand-the- depthof theanalysiswillbvarywith thednterded
use and are dependent upon the nature and duration of tissue contact. Data requirements are usually
less stringent for materials with indirect patient contact, medical devices contacting only intact skin,
and any component of a medical device that does not come into direct contact with body tissues,
infusible liquids, mucous membranes or compromised skin.

B.3.1.4 Risk evaluation

Risk evaluation builds upon 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
control). It should be realized that for a full evaluation the whole medical device should be taken into
consideration including all its components.
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Biocompatibility can only be demonstrated for a particular material in relation to a defined set of
circumstances, which include the purpose for which it is used and the tissues with which it comes into
contact. 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 a 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.

7 assessors
evaluation
bnts on the

he context
of hiological safety this can involve activities such as consideration ofyoptions for design changes.
Examples of possible strategies include:

— |design changes to avoid more hazardous exposure routes orréduce exposure time;

— |design changes to optimize geometric surface properties to minimize areas where low|blood flow
could result in thrombus formation;

— |design changes to avoid medical device failures (e.g. particulation, or coating delamirfation) that
could result in adverse biological responses;

— |reduction of toxicity by means of reformulation or materials change;
— |changes to production processes to reduce or eliminate hazardous residues or process gdditives.

Risk can also be controlled by providing data to allow a more accurate risk estimate than| one based
on yorst case default assumptions."The choice of tests should be based on an initial risk analysis that
identifies the uncertainties thatineed to be addressed and the most suitable way of addregsing them.
In some cases, an identified yisk for which there is some uncertainty can be mitigated by nleans other
than testing (e.g. warningsf{contraindications).

If npw hazards or a higher level of existing risk results from the control measures, it is pgssible that
sonje retesting will be necessary.

It i emphasized<that conducting animal testing for risk reduction should only be considergd after all
altgrnative coutses of action (review of prior knowledge, chemical or physical characterizatjon, in vitro
evaluations-er alternative means of mitigation) have been exhausted.

B.3|.3 Evaluation of residual risk acceptability

Following risk analysis and evaluation and the implementation of risk controls, it is necessary to review
the findings of these preceding activities and to document the residual risk and to decide on any further
disclosure of such residual risks, for example through appropriate labelling, cautions or warnings.

B.3.4 Post production monitoring

The processes of risk assessment are based upon human judgement using the available information,
supplemented by biological testing where required. This assessment should be updated as needed with
new information that becomes available from post market monitoring of medical device performance
and safety in actual clinical use. This monitoring should include both trends in adverse events
associated with the specific medical device in question, plus new information which arises in relation
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to other relevant similar medical devices or materials. Monitoring should also include ongoing review

of relevant

scientific literature.

B.4 Guidance on specific aspects of biological evaluation

B.4.1 Material characterization
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In some cases it is possible to manage confidentiality of proprietary formulations by means of
separate lodgement by the manufacturer of biological evaluation data with an independent assessor or
regulatory agency (known as a “Master File” in some jurisdictions). These data can then be referenced
in a regulatory submission by the medical device manufacturer and confidentially reviewed by the
relevant conformity assessment body or regulatory agency in conjunction with the medical device
submission review.

B.4.1.4 Physical Characterization

For particulates and nanomaterials (when used in medical devices) physical characterization is
necessary, as described for nanomaterials in ISO/TR 10993-22. In addition, in some cases physical
form (e.g. geometry, particle size, porosity, surface texture) can have a substantial effect on biological

32 © ISO 2018 - All rights reserved


https://standardsiso.com/api/?name=107dd75a78363a8a96281f970e014bb0

	Foreword
	Introduction
	1 Scope
	2  Normative references
	3 Terms and definitions
	4 General principles applying to biological evaluation of medical devices
	5 Categorization of medical devices
	5.1 General
	5.2 Categorization by nature of body contact
	5.2.1 Non-contacting medical devices
	5.2.2 Surface-contacting medical devices
	5.2.3 Externally communicating medical devices
	5.2.4 Implant medical devices
	5.3 Categorization by duration of contact
	5.3.1 Contact duration categories
	5.3.2 Transitory-contacting medical devices
	5.3.3 Medical devices with multiple contact duration categories
	6 Biological evaluation process
	6.1 Physical and chemical information for biological risk analysis
	6.2 Gap analysis and selection of biological endpoints for assessment
	6.3 Biological testing
	6.3.1 General
	6.3.2 Testing for evaluation
	7 Interpretation of biological evaluation data and overall biological risk assessment
	Annex A (informative)  Endpoints to be addressed in a biological risk assessment
	Annex B (informative)  Guidance on the conduct of biological evaluation within a risk management process
	Annex C (informative)  Suggested procedure for literature review
	Bibliography

