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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 procedlures used to develop this document and those intended for its further maintenanee
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1 Annex A “Endpoints to-be-addressed in a biological risk assessment” with new columns
fal and/or chemical information” and “material mediated pyrogenicity” as well as colui
” “carcinogenicity,” “reproductive/developmental toxicity,” and “degradat
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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 biological responses to each medical device, relevant
to its safety in use. The term “medical device” is wide-ranging and, at one extreme, consists of a single
material, which can exist in more than one physical form, and at the other extreme, of a medical deyice
consisting pf numerous components made of more than one material.

This docurment addresses the determination of the biological response to medical devices; mostly fin a
general way, rather than in a specific device-type situation. Thus, for a complete biologicalevaluatign, it
classifies 3E,edical devices according to the nature and duration of their anticipated cenfact with huinan
tissues when in use and indicates, in a matrix, the biological endpoints that are thought to be relevant in
the considgration of each medical device category. See also 3.14, Note 1 to entry:

The range pf biological hazards is wide and complex. The biological response.to a constituent matgrial
alone cannjot be considered in isolation from the overall medical device(design. Thus, in designing a
medical ddvice, the choice of the best material with respect to its biocompatibility might result [in a
less functipnal medical device, biocompatibility being only one of a“number of characteristics t¢ be
considered in making that choice. Where a material is intended\to interact with tissue in ordef to
perform it§ function, the biological evaluation needs to addressthis.

Biological fesponses that are regarded as adverse, caused by-a material in one application, might ngt be
regarded afs such in a different situation. Biological testihg is based upon, among other things, in Jitro
and ex vivq test methods and upon animal models, so-that the anticipated behaviour when a medical
device is uUsed in humans can be judged only with, caution, as it cannot be unequivocally concluded
that the sane biological response will also occur in this species. In addition, differences in the manner
of responsg to the same material among individuals indicate that some patients can have advgrse
reactions, ¢ven to well-established materials;

The primafy role of this document is to:serve as a framework in which to plan a biological evaluation. A
secondary [role is to utilize scientific:advances in our understanding of basic mechanisms, to minimize
the number and exposure of test;animals by giving preference to in vitro models and to chemjcal,
physical, morphological, and tgpegraphical characterization testing, in situations where these methods
yield equallly relevant inforgnation to that obtained from in vivo models.

It is not infended that €his’ document provide a rigid set of test methods, including pass/fail critgria,
as this might resultineither an unnecessary constraint on the development and use of novel medical
devices, orfa false.sense of security in the general use of medical devices. Where a particular application
warrants it, experts in the product or in the area of application concerned can choose to estallish
specific teqtg-and criteria, described in a product-specific vertical standard.

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
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Thi

Scope
5 document specifies:

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

the general categorization of medical devices based on the nature and duration of their c
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 tovanalyse the biological safety of
device;

the assessment of the biological safety of the medical device.

E document applies to evaluation of materials and medical devices that are expected to
hdirect contact with:

the patient's body during intended use;

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

5 document is applicablé to biological evaluation of all types of medical devices incluc
Lactive, implantable and non-implantable medical devices.

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

risks, such 4s-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 tissue
novel'materials.

hin a risk

bntact with

he medical

have direct

masks and

ling active,

rical 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


https://standardsiso.com/api/?name=5149ce979d1ee18bb7d942745b72e69e

IS0 10993-1:2018(E)

[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, Riolagical evaluation of medical devices — Part 9: Framework for identification and
quantificatfon of potential degradation products

ISO 1099310, Biological evaluation of medical devices — Part 10: Tests for irritation and skin sénsitizafion
ISO 1099311:2017, 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 1099313, Biological evaluation of medical devices — Part 13: Identification and quantificatiop of

degradatio
ISO 10993

n products from polymeric medical devices

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

degradatioh products from ceramics

ISO 10993415, Biological evaluation of medical devices — Part\I5: Identification and quantificatiop of
degradatiop products from metals and alloys

ISO 1099316, Biological evaluation of medical devices*— Part 16: Toxicokinetic study design| for
degradation products and leachables

ISO 10993117, Biological evaluation of medical devices — Part 17: Establishment of allowable limitg for
leachable syibstances

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
immunotoxjcology testing of medical.devices

ISO 14971:

3 Term

For the put
ISO and [E

s and definitions

007, Medical devices)— 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|

2]

ISO On

3.1

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

line 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
infgrmation, such as physical and/or chemical characterization, toxicity data, etc. fromq variety of
soufces necessary to characterize the biological response to a medical device

3.6
direct contact
medical device (3.14) or medical device component that comes into physical contact with body tissue

3.7
externally communicating medical device
medical device (3.14) or medical device component that is partially or wholly located outside the body
butfhas either direct or indirect contact with the internal body fluids and/or tissues

3.8
final product
medical device (3.14) or medical device component that has been subjected to all marufacturing
progesses for the “to be marketed” medical device including packaging and if applicable, steyilization

39

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

3.10
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
renlain in place after the procedure

3.11
indjrect contact
medical device(3:14) or medical device component through which a fluid or gas passes, prior|to the fluid
or gas comingjinto physical contact with body tissue (in this case the medical device or medical device
conjponentitself does not physically contact body tissue)

3.12
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
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contro

and does
means, in
Medical de

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;

providing information by means of in vitro examination of specimens derived from the humanb

I

ot achieve its primary intended action by pharmacological, immunological or-metah
br on the human body, but which may be assisted in its intended function bysuch me
vices include dental devices.

Note 1 to enftry: Products which may be considered to be medical devices in some jurisdictions but not in ot

include:

disinfe
aids for
deviceq

deviced

[SOURCE: ¢

3.15

nanomate|
material (3
structure i

[SOURCE: 1

3.16

non-contal
indicates t
contact wif

3.17

physical a
knowledge
type of bo
material clf

3.18
risk analy
systematic

[SOURCE: I
3.19

Ction substances;

persons with disabilities;

incorporating animal and/or human tissues;

for in vitro fertilization or assisted reproduction technologies;

FHTF/SG1/N071:2012, 5.1 modified to clarify thatdéntal devices are included]

rial
.12) with any external dimension in th€)nanoscale or having internal structure or sur
h the nanoscale

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

cting
hat the medical device (3:14) or medical device component has neither direct nor indi
h body tissues

nd chemical information

regarding\formulation, manufacturing processes, geometric and physical properties
ly contact’and clinical use that is used to determine whether any additional biologicg
aracterization testing is needed

dy;

olic
ans.

hers

face

rect

and
] or

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

SO 14971:2007, 2.17, modified— The Note has been deleted.]

risk assessment

overall pro

[SOURCE: I

cess comprising a risk analysis (3.18) and a risk evaluation (3.20)

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]

3.22
toxijc
cappble of causing an adverse biological response

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

3.24
toxjcological risk
propability of a specified degree of an adverse reaction 0ccurring in response to a specifjed level of
exppsure

3.2
toxicological threshold
lim{t, such as a tolerable intake (TI), tolerable\exposure (TE), allowable limit (AL) value, o1 Threshold
of 'IEXicological Concern (TTC) below which adverse effects are not expected for relevanf 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
part of a strfuctured biological evaluation plan within a risk management process in accorflance with
[SO|14971:2007, Annex I, as given in Figure 1 of this document. This risk management procdss involves
identification of biological hazards, estimation of the associated biological risks, and determination of
their dcceptability. Annex B provides guidance on this process. The biological evaluation shall be 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
device,

NOTE

Where this information is already documented within the risk management for the medical

it can be included by reference.

any history of clinical use or human exposure data;

Previous regulatory approval history can be relevant.

breakdown products and metabolites;

e)

test procedures.

any existing toxicology and other biological safety data on product and component materials,

Evaluation
testing. Su
a demonst]
medical de
included in|
perform a{

4.2 Inth
shall be fitj
chemical, t

4.3 The

0
the medicall device:

can include both a review of relevant existing preclinical and clinical data and ac
Ch an evaluation might result in the conclusion that no testing is needed if the material
rable safe history of use in a specified role and physical form that is equivalent to‘that of
vice under design. The type of information that can be useful to demonstrate equivalend
Annex B. Testing is usually not necessary when sufficient information is alyeady availabl
'isk assessment of the material and/or the medical device (see Annex C).

b selection of materials to be used in the medical device manufacturé, the first considera

bxicological, physical, electrical, morphological and mechanical preperties.

tual
has
the
eis
e to

tion

ness for purpose with regard to characteristics and properties of the’/material, which include

llowing shall be taken into account for their relevance tg)the overall biological evaluation of

terial(s) of construction (i.e. all direct and indirectitissue contacting materials);

bd additives, process contaminants and residues (for example, testing for ethylene o
ation residuals shall be conducted in accordance with ISO 10993-7);

ing materials that directly or indirectly'contact the medical device can transfer chemica
dical device and then indirectly to the-patient or clinician;

ble substances (see [SO 10993-17-and [SO 10993-18);

ation products (see ISO 10993-9, for general principles and 10993-13, 10993-14 and 109
Hegradation products fyompolymers, ceramics and metals, respectively);

omponents and their+interactions in the final product;
'formance and/characteristics of the final product;

hl characteéristics of the final product, including but not limited to, porosity, particle 5
hnd surface morphology.

n of\medical device chemical constituents and consideration of material characteriza

a) thema
b) intend
steriliz
c) packag
the me
d) leacha
e) degrad
15 for
f) other(
g) the pel
h) physic
shape
Descriptio}
including

kKide

sto

93-

ize,

tion

cheémical 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 t

e body to the medical device aor its constituents

4.5
pro

Clayses 5 and 6). Test results cannot guarantee freedom from potential biological hazards, thu|

inve

humans during clinical use of the medical device.

The
to
lon
in
incl

4.6
inte

In V|
and|
inv
if ay
as
ana

Inc
non
the

4.7
life-

4.8
vali

X}City, irritation to the skin, eye and mucosal surfaces, haemolysis.and thrombogenicity,

All known possible biological hazards shall be taken into account for every niateris
Huct, but this does not imply that testing for all possible hazards will be necessarylor pr|

stigations shall be followed by careful observations for unexpected adverse\reactions o

range of possible biological hazards is wide and can include short-term effects sug

llergy, genotoxicity, carcinogenicity (tumorigenicity) and effects on reproduction or de
uding teratogenicity.

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

reproducible, shall be considered for use inpreference to in vivo tests (see ISO 10993-2)
vo tests are indicated by findings of the jnitial risk assessment, use of appropriate in vitrd
railable, shall be considered before in vivo tests are commenced. A rationale for the testir
vell as for test selection, shall be ptovided. Test data, complete to the extent that an ir
lysis could be made, shall be evaluated by competent, informed professionals, and shall b

ertain circumstances, suchsas*for specific medical devices, or biological endpoint asses:
-standardized, non-validated test is necessary, additional information regarding the r3
study design and data.interpretation should be provided.

The biologicalsafety of a medical device shall be evaluated by the manufacturer ovef
cycle of a medical device.

For re~usable medical devices, biological safety shall be evaluated for the maximum
Hatedprocessing cycles by the manufacturer.

| and final
hctical (see
s biological
r events in

h as acute
as well as

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

velopment,

b based on

itro test methods, which are appropriately validated, reasonably and practically available, reliable

Whenever
screening,
1g 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

© ISO 2018 - All rights reserved


https://standardsiso.com/api/?name=5149ce979d1ee18bb7d942745b72e69e

1SO 10993-1:2018(E)

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

a)

any change in the source or in the specification of the materials used in the manufacture of the

product;

b) any change in the formulation, processing, primary packaging or sterilization of the product;

A

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

d)
e)

4.1
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Clauyse 4.9 occur, an evaluation of the biologic risks related to the change shall be performe
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any evidence that the product can produce adverse biological effects when used inchum3i

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

ex B).

| This document shall not be used to mandate re-testing of historical’products assessed
g the appropriate edition of this document at the time of the assessment. Nevertheless,
his new edition shall be shown, by providing a justification for’omission of further test
mmendations for endpoint assessment per Annex A aresdifferent from prior publishg
his 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

‘ent version of this standard.

Categorization of medical devices

General

lical devices shall be categorized-according to the nature and duration of body contact 3
.2 and 5.3. The categorizationh. of medical devices facilitates selection of appropriate da
rmative Annex A).

evaluation of any médical device that does not fall into one of the categories specified 1
general principles‘eontained in this document. Certain medical devices might fall into
body contact or-duration category, in which case evaluation appropriate to each catega
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.

changes in

ins.

ions, post-

ket experience from similar medical devices or materials, and other relévant informpation (see

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

s specified
[a sets (see

hall follow
more than
ry shall be

thatis used
ely from the

EX

ards should

beu

5.2

5.2.

MPILE For gas pathway device components with only indirect contact, device specific stan
sed to determine the relevant type of biocompatibility evaluations [see ISO 18562 (all parts)].

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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02018 - All rights reserved


https://standardsiso.com/api/?name=5149ce979d1ee18bb7d942745b72e69e

IS0 10993-1:2018(E)

5.2.2 Surface-contacting medical devices

These include medical devices in contact with the following.

a) Skin

b) Mucosal membranes

c) Breacled or compromised surfaces

5.2.3

Medical devices that contact intact skin surfaces only.

EXAMPLES Electrodes, external prostheses, fixation tapes, compression bandages and monitors of
various types.

NOTE Some medical devices used in either sterile or non-sterile environments include components
thdt can come into contact with a user’s ungloved hands such as human interfaces for eleetrnic
eqpipment (e.g. computer keyboards, dials or buttons, touch screens, SD cards, USB sticks); heusjings
fo1f electronic monitors or programmers that can come into contact with any intact skin (e.gyelectrpnic
deyices like cell phones, tablets); or components that can come into contact with a user’s gloved Hand
(e.g. catheter handles). If these types of components can be shown to be made from materials in common
use for other consumer products with a similar nature of contact, no further biolegical evaluatign is
negded.

Medical devices that contact intact mucosal membranes.

EXIAMPLES Contact lenses, urinary catheters, intravaginal apd¥intra-intestinal devices (stomach
tulpes, sigmoidoscopes, colonoscopes, gastroscopes), endotracheal\tubes, bronchoscopes, some dgntal
prpstheses and orthodontic devices.

Megdical devices that contact breached or otherwise’ compromised body surfaces.

EXIAMPLES Dressings or healing devices and, 'occlusive patches for ulcers, burns and granulgtion
tispue.

Externally communicating medicaldevices

Externally|[communicating medical dewvices shall be categorized according to their contact with|the

following application sites.

a) Blood path, indirect

b) Tissuefbehe/dentin

Mgdical devices orcomponents that do not necessarily directly contact the blood path directly
but serve as conduits to deliver fluids into the vascular system.

EX[AMPLES Solution administration sets, extension sets, transfer sets and blood administration
sets.

Medical devices that contact tissue, bone or pulp/dentin systems.
EXAMPLES 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
as conduits to delivery fluids to the tissue or bone.

EXAMPLES Tubing used for irrigation and medical device components that have fluid contact that
can also contact the patient.

c) Circulating blood

10

Medical devices that contact circulating blood.

© ISO 2018 - All rights reserved


https://standardsiso.com/api/?name=5149ce979d1ee18bb7d942745b72e69e

1SO 10993-1:2018(E)

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 ¢eméngs and intra-
osseous devices.

— Maedical devices principally contacting tissue and tissue fluid.
EXAMPLES Pacemakers, drug supply devices, neuromuscular sensors\and simulators, feplacement
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 blgod in the cardiovascular system.

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

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

5.3| Categorization by duration of contact

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

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

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

c) |Long-term\exposure (C) - medical devices whose cumulative sum of single, multiple qr repeated
contaetitime 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
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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
in the biolggical evaluation and its associated process of material characterization. These data sh
be sufficient to answer the first two rows of questions in the Figure 1 flow chart. Thé-éxtent of phys

btep
uld
ical
ion,
ody
contact with the medical device. At a minimum, the characterization shall-address the constitIJent

re.
ted
medical dejvices or medical devices in contact with blood. Material chiapacterization, if performed, shall

be conductled in accordance with ISO 10993-18. For nanomaterials sée ISO/TR 10993-22.

e in
ther

If the com
the intendg

ination of all materials, chemicals and processes has an established history of safe us
bd application, and the physical properties havewnot changed, then it is possible that fur

characterization and additional data sets (e.g. chemical analysis of extracts or biological testing) will
not be necg¢ssary. In this case the rationale shall be dogamented.

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 expe¢ted
exposure (quantity, route and frequengy); further testing need not be required. For medical devjices
that have nown leachable chemical mixtures, potential interactions between the leachables should be
considered.

Where thg¢ potential for degradation exists under the conditions of manufacture, sterilizatfion,

transport,
shall be ch
as applicab

For mater
nanopartid

storage, and use 0f the medical device, the presence and nature of degradation prod
hracterized in@ccordance with ISO 10993-9, ISO 10993-13, ISO 10993-14, and ISO 10993
le.

als and/er medical devices that can release wear particles, the potential releass
les should be considered as described in ISO/TR 10993-22.

icts
-15,

e of

6.2 Gap analysis and selection of biological endpoints for assessment

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 10995-2 applies to any 1n

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

the existing non-clinical and clinical data, including history of safe use, meet'the requi
biological evaluation and therefore further animal testing would be wutethical. 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

dition to the general principles given in Clause.4,the following shall apply when biolog
edical devices is considered necessary as part.ofthe overall risk management process.

bivo testing

rements of
bessing the
ence in the
nformative

ical testing

Testing shall be performed on the final~medical device, or representative samples from the
final device or materials processed inm“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 e¢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 faccordance
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 ISO/IEC 17025 or equivalent.

athadce chonld b o il bl b oot oeys) oo dazn H oc oot abla (ol oo
The test methedsshowtdbereproducibleHrtrataborateoryas—welasrepentable{interlaboratory)
and robust].
6.3.2 Testing for evaluation

Testing for
necessary

device. Whiere 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 medigeal device. It is indispens

for evaluaf
specific ch

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 b&necessary or practic

ions that each medical device be considered on its own merits. Nanomaterials can
hllenges (e.g. assay interference) when applying test systems commonly used for med

the evaluations specified in 6.3.2.1 to 6.3.2.15 shall be considered and carried out where

ical
C).

hble
hble
ose
ical

device evaluation and when interpreting test results (see [SO/TR 10993-22).

Additional| endpoints not indicated in the table can be, hecessary (e.g. reproductive toxifity,
developmeptal 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 jnhibition of cell growth, colony formation, and other effects on cells caused by medical
devices, materials and/or their extracts. If testing is performed, it shall be conducted in accordgnce
with I1SO 10993-5.

6.3.2.2 Sensitization

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

These tests$ are important because repeat exposure or contact to even very small amounts of potertial
leachables fcan resiltin sensitization, which can lead to allergic reactions.

6.3.2.3 Irritation (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.

Anyf

6.3

Pyr
rea
that
Anrj
biol

6.3]

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

j2.5 Material-mediated pyrogenicity

pgenicity tests as part of a biological evaluation are intended to detect material-mediateq
‘tions of extracts of medical devices or materials. No single test can differéntiate pyrogen

are material-mediated from those due to endotoxin contamination (see I1SO 109
ex G). Material-mediated pyrogenicity is rare. It has been observed-in medical devices
pgically-derived materials.

2.6 Acute systemic toxicity

Aculte systemic toxicity tests can be used where contact alloews potential absorption of toxid

and|
exp

degradation products, to estimate the potential<harmful effects of either single
psures, during a period of less than 24 h, to medi¢al devices, materials and/or their ext

animal model. These tests shall be appropriate for'the route of exposure, and any testing

sha

If fd

I be conducted in accordance with ISO 10993-11.

asible, acute systemic toxicity tests can,be combined with subacute and subchronic t

imp[lantation test protocols.

Wh
ass¢

bod
the

6.3,
Sub

bre an evaluation of systemic (toXxicity is specified in Table A.1, biological testing
essment shall include assessment of the potential for biological responses in tissues thrg
y (e.g. per ISO 10993-11:20%% Annex E), including the organ systems relevant to the cli
medical device.

2.7 Subacute and-subchronic toxicity

acute and subcChronic toxicity tests can be carried out to determine the effects of eithg

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

tha
inr

The

N 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 md
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D3-11:2017,
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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

imp

6.3.

lantation test protocols to evaluate subacute and subchronic systemic and local effects.

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

6.3.2.9

evaluate both chronic systemic and local effects.

Implantation 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 an imp];mr site or tissue appropriate to the intended npplirnrinn (P g cpprinl dental usage
tests). Thege tests shall be appropriate for the route and duration of contact, and if performed, shall be
conducted fin accordance with ISO 10993-6.

If feasible,
to meet ac
applicable

When appi
studies wi
toxicologic
systemic t
where a cl
local effect
remote loc

6.3.2.10 (

Genotoxici
structure {
their extra
accordancd

NOTE 4

implantation test protocols can be expanded to evaluate both local and systemic eff
ute, subacute, subchronic, and chronic toxicity testing requirements (see ASO 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
nl hazard and/or toxicological risk). For instance, chronic/subghronic/subacute and a
xicity endpoints can be built into a single study. One can conSider an experimental de
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.

enotoxicity

'y tests can be used to assess the potential for gene mutations, changes in chromos

Cts. A battery of in vitro tests is initially ‘used. If testing is performed, it shall be conducte
with ISO 10993-3.

\dditional information is given in ISO/TR 10993-33.

If any of the in vitro tests are positive;*follow-up can include a chemical identification of impuri

extractabld
risk shall b
of evidencd

6.3.2.11 (

ISO 10993
or their exf{
be addresq
leachable ¢

or leachable chemicals-or’additional genotoxicity testing. Acceptance of the genotoxi
e based on the results.\of a risk assessment, including, for example patient exposure, we
(WOE) and mode of-action (MOA) information, if available.

arcinogenicity

3 discusSes the strategy for evaluating carcinogenicity of medical devices, materials 4
racts_over a period of the major portion of life-span of the test animal. Carcinogenicity
edAyith a risk assessment including chemical identification of impurities, extractabl

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

pcts
). If

lese
(i.e.
fute
bign
bess
at a

pme

ind number, and other DNA or gene toxicities caused by medical devices, materials and/or

d in

ies,
city
ight

nd/
may
P Or
tion

hemicals, patient exposure to these chemicals, weight of evidence (WOE) and mode of ac

(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

dev

ice materials in the reproductive organs

6.3,

Deg

2.13 Degradation

radation information shall be provided for any medical devices, medical device com

matlerials remaining within the tissue, that have the potential for degradation within the hu

Deg

a)
b)

Par

The
detq
Itis

In v
me(
pro
tot
test]
sim

radation tests shall be considered if
the medical device is designed to be absorbable, or

an informed consideration of the finished medical device)composition indicates
degradation products might be released during body contact.

hmeters that affect the rate and extent of degradation shall be described and documente

mechanisms of degradation should be described. These mechanisms should be simulate
ermine the rates of degradation and release of pofentially toxic chemicals to estimate the
also possible that in vivo tests will be required\to assess degradation of a material.

ivo degradation tests might not be necessary if an in vitro/in vivo comparison for the
lical device has been previously demonSstrated and in vitro degradation studies show th
bable products of degradation are present in the predicted quantities, and produced ata
hose that have a history of safe clinical use. When particulate degradation products are
s might not be necessary if they“are present in a physical state, i.e. size distribution
ilar to those with a history.of\safe clinical use or sufficient degradation data already ex

ponents or
man body.

that toxic

.

d in vitro to
b exposure.

absorbable
at only the
ate similar
generated,
and shape,
st relevant

to the substances and degradation products generated in the intended use already exists.

A general framework forrdegradation tests is given in ISO 10993-9.

Spe 10993-13,

ISO

cific in vitro degtadation tests for polymers, ceramics and metals are described in ISC
10993-14 and4S0O 10993-15 respectively.

Wh should be

des

bn particulate degradation products are present in the form of nanomaterials, tests
gned eensidering 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.

Toxicokine
a)
b)

tic 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 mg
reactiy

c)

d) substa

the bo
e)

Toxicokine|
products a
levels of cl
data relevg

drug a

The releasq
to justify t

Toxicokine|
conducted

Specific co

6.3.2.15 1

Whilenots
with parti
shall be c(
sources th{

chemicals i
ISO/TS 109

Specific co

7 Inter]
assessmyq

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

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

Intial quantities of nano-objects are likely or known to be released from a medicaldevice
ly during clinical use, or

hd device combination products.

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

nical exposure with historical experience, or if sufficient toxicological data or toxicokin
nt to the degradation products and leachables already exist:

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

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

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

mmunotoxicology

pecificallyaddressed in Annex A, ISO/TS 10993-20 provides an overview of immunotoxicol
ular reference to the potential immunotoxicity of medical devices. Immunotoxicity tes
nsidered based on the-chémical nature of the materials of manufacture and data f
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.

hsiderationsdfor-immunotoxicity testing of nanomaterials are provided in ISO/TR 10993

pretation of biological evaluation data and overall biological risk
ent

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

or

nto

tion
safe
etic

low

be

08y
ting
rom
the
vith

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 rat

the int

18

the adequacy of the material characterization;

ionale 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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Annex A
(informative)

dpoints to be addressed in a biological risk assessment

eral

Where Table A.1 indicates that an endpoint is relevant for assessment, the existing
nt to that endpoint should be evaluated to determine if any additional data sets‘are nee
lar medical devices, there is a possibility that it will be appropriate to include’additions
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 standz
e specific recommendations regarding biocompatibility;these should be considered.

ng is a framework for the development of a biocompatibility evaluation and is not a chec%list

ata
Hed.
lor

b be
Cific
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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
and all durations of contact).

of contact,

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

testing is needed.

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

Components with long term indirect contact with blood (e.g. infusion systems) carn
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 cirgtilation through b
compromised surfaces, and therefore both material mediated@ pyrogenicity and acut
toxicity should be considered.

Material mediated pyrogenicity (externally communicating medical devices an
medical devices with all types of contact, and all durations of contact).

Extractables/leachables can be introduced to theé’systemic circulation, lymphatic syst

cerebrospinal fluid, and therefore material mediated pyrogenicity should be considered,

Acute systemic toxicity (surface medical 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«cérebrospinal 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/leachal
introduced te'the systemic circulation, lymphatic system, and/or cerebrospinal fluid, an
subacute toxicity should be considered.

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

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

ices, with
introduce
bessment.

breached

reached or
e systemic

d implant

em, and/or

ntact, and
ith tissue/
ssue/bone

rirculation,
should be

les can be
d therefore

es can be

I | d o ]l 4 3 3 lods 1 Lo 4 Jd L 1 3 1£1..:1
IHITTUUULTU TU LT S y SLUIITIU CITCUIAUIULL Ty HIPITAtIt 5 y STUILLL, dlIU /U LTI TUT USPIHIIAI TTUlY, all

subchronic and/or chronic toxicity should be considered.

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
component, 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
genotag

Genot

Extrac
device

Carcin
along
device

Extrac
cerebr
assess

xicity should be considered.

is removed, and therefore genotoxicity should be considered.

s with a long term duration).

ment.

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

dical devices/components used in extracorporeal circuits, extractables/leachables Ca]jl be
iced into the blood stream and remain after the medical device is removed, and\therefore
tables/leachables can be introduced into the blood stream and remdin-after the medical

ogenicity (surface medical devices with breached or compromised surface contact for
term duration; and all externally communicating medical devices and implant medjical

tables/leachables can be introduced into systemic circulation, lymphatic system, and/or
pspinal fluid, and therefore carcinogenicity should be:addressed as part of the biological risk
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Annex B
(informative)

Guidance on the conduct of biological evaluation within a risk

management process

B.]] Background information

B.1]

Thi
req
eva
doc
be
met

the
an

meg

As 4
way
rev
vitr

Blolo
management processes. Therefore this annex includes guidahce on the application of this d
context of risk management processes conducted accerding to the requirements of ISO 1

m alra

1 General

5 annex provides guidance on conduct of biological evaluation of medical devices accor

uation of medical devices, more detailed guidance can be helpful in the practical applica
Lment. As a result, this Annex was developed to provide such guidaiice to users. This gy
ised to better understand the requirements of this document and*to illustrate some of f
hods and approaches available for meeting the requirements.

gical evaluation is a design verification activity whigh/is set in the context of b

x describes concepts and methods that can be céhsidered in establishing and maintai

lical 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

lirements of this document. Although this document provides a general framework for

ding to the
biological
tion of this
idance can
he various

oader risk
bcument in
4971. This
ning a risk

gement process for biological evaluation as part of the overall evaluation and develgpment of a

bonses, the
ased upon

ew of relevant established scientific’data and upon physical and chemical characteriz
b testing, with in vivo testing only being carried out where these are required to fill

ion and in
aps in our

understanding. This document specifies a framework in which to plan a biological evaludtion which

min
con
infd
to a
reld

Wh
reg

An

ctituent testing and insvitro 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 datarand upon risk assessment.

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

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

imizes the number and exposure of test animals by giving preference to identifyinjg chemical

y relevant
applicable
f available

ments and

nto its risk

maxllagement process.

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

application of ISO 14971 to the conduct of biological evaluation.

© ISO 2018 - All rights reserved
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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 Ge

neral

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

effectivend
biological ¢
of medical
potential r
device. Thd
benefit pro

Considerat]
should con
benefits of]
For examp
mechanica
is of acce

p
undertake

the medic

Material sq
The selecti
in a system
to define t]
starting
aging coul
into the rif
the achievg
use of the

identification of all hazards and tHe estimation of associated risks. Adequate risk assessment reql:ﬁres
omses

characterij
to medical

A major cd
TR 10993-]

define

identif]

compo

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 acdeptanc
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 upgn'the expe
vided by its use.

ion of biological risk is only one aspect of the risk assessment of a'medical device, wl

materials of different biological safety profiles in the context 6f some other characteri
e it can be possible that the most biologically safe material ayailable 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 required in the design and developmef
| device.

lection and risk analysis are integral components of the design process for medical devi
pn of materials plays a crucial role in evaluatihg the biological safety and, when approad
atic way, allows the collection of relevant data. In line with ISO 13485 and ISO 14971, crit
le acceptable biological risk should be established at the start of the design process. Bec3
aterial, formulation and processing-variations including packaging, transportation
l impact final product biocompatibility; these considerations should also be incorpor:
k assessment. The biological evaluation should be designed and performed to demonst
ment of specified criteria fot.safety based on outputs of the risk analysis and/or histor
same material. This evaluation is a component of the risk management plan encompas

ation of toxicological hazards and exposures, as well as other potential biological resp
devices.

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

and characterize each material, including suitable alternative materials;

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

hg a
pfits
e of
ical
rted

hich

cider all aspects of risk. In some cases it can be specifically necessary to consider the relative

stic.
hble
rial
[ be
1t of

ces.
hed
eria
use
and
ited
rate
y of
5ing

S0/

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

degradation products from a degradable implant);

Informatio

— toxicol

26

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:

ogy data on relevant component materials/compounds;

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


https://standardsiso.com/api/?name=5149ce979d1ee18bb7d942745b72e69e

1SO 10993-1:2018(E)

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

The
rele

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

wit
unc

The
diff]
ove

In A
thel
req

B.2

ISO
eva
of t
the
thisd
ISO

The
incl

dsed on an analysis ol the relevant risks whnichn are immdicdated Irrom the existing datd.

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

assessor should determine if the available information is sufficient to nreet the purj
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n succinct and accurate rationales for each judgment and“identification and discuss
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components of risk management are summarizedin Figure B.1 (taken from ISO 1
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Fall risk management process.
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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.
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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

Risk assessment

y
Risk management

information

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

B.3.1 Risk assessment

B.3.1.1 Introduction

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

ntified and
mitigation

B.3{1.2 Risk analysis

Risk analysis is the process of identifying the specific hazards and assessing theirrsignificance. In a

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

Risk analysis therefore begins with identification and characterizatien of the indirect
tisspie-contacting materials and components of the medical device, This should be done bz
fingl form of the medical device in its manufactured state, taking into account the presg
manufacturing additives, processing aids or other potential coritaminants such as sterilay
Effdcts of processing on materials composition and chemistry (including both bulk and surf
shopld also be considered. In particular, where reactive orhazardous ingredients have been|
can|be formed by, the production, processing, storage or*dégradation of a material, the possil
pregence of toxic residues should be considered. The.fotential for interactions with or intr
confaminants from packaging materials should also‘be considered.

Phy
at tl

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

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

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

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

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

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

enyironmental interactions, e.g. endoscope (stomach acids), dressings (external enviror

pbmponents
ould affect
ion of risks

and direct
sed on the
nce of any
t residues.
hce effects)
used in, or
bility of the
bduction of

b identified

prostheses
" materials

flexibility,

ntal stress

ment), UV-

]

dotaraoant Aand ctarilioatinn nen o

Heht-detergents-decontaminationand-sterilizationproecesses;

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
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to characterization of extractables and leachables, physical properties of the medical de
hdversely impact the biological response to the medical device should be considered, suc
stiffness, etc.

or the characterization and testing of particulates, nanomaterials require~specific atten

han the same materials at larger scales, and extrapolation of data from larger sized materials is

isk estimation

bmical toxicity perspective, risk estimation in additionfo” consideration of the toxicol
d materials components also includes consideration<ef the anticipated exposure, e.g.

bioavailability of leachable or soluble components (see I1SO 10993-17). From a material prop

perspectiv
medical de

b, risk estimation also includes exposure that uight be anticipated due to the use of]
vice.

Risk is typically estimated by assigning values to theprobability of occurrence of harm and the seve
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M. In general toxicological terms, likelilood can be estimated from knowledge of the ac
of toxic components and the knowndose response in relevant tissue(s). The severity ca
terms of the nature of the toxicresponse. From a material property perspective, likelih
mated from physical testing such-ds for wear debris, and severity can be assessed in term
of the biological response from literature or animal studies.

nt information is availablefrom published literature, in-house data and documented clin
the subject medical devices or materials, risk estimation can require conduct of chem
characterization gr-biological testing to estimate or quantify the hazards which canno
ly determined ffem prior knowledge. Such investigations should be conducted in accordg
able parts of1SO 10993.

ions for¢risk estimation purposes can only be determined after the completion of
xisting-kiiowledge, as the tests should be specifically selected to address the deficiencig
identified in the review (see Annex C).
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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.

It is critical for the integrity of a biological risk evaluation that it should be conducted by assessors
with the necessary knowledge and expertise to determine the appropriate strategy for the|evaluation
and| ability to make a rigorous assessment of the available data and to make sound judgments on the
reqpirements for any additional testing. (See Clause 7).

B.3l2 Risk control

he context
n changes.

Risk control is the process of identifying and implementing measures to keduce risks. In {
of hiological safety this can involve activities such as consideration 6fjoptions for desig
Examples of possible strategies include:

design changes to avoid more hazardous exposure routes orreduce 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 delamin
could result in adverse biological responses;

ation) that

reduction of toxicity by means of reformulation or materials change;

dditives.

changes to production processes to reduce or eliminate hazardous residues or process g

Risl
on Y
idern

x can also be controlled by providing data to allow a more accurate risk estimate than| one based
vorst case default assumptions."The choice of tests should be based on an initial risk analysis that

Ins
tha
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son
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itifies the uncertainties thattneed to be addressed and the most suitable way of addres
pme cases, an identified gisk for which there is some uncertainty can be mitigated by m
h testing (e.g. warningsfcontraindications).

bw hazards or a higher level of existing risk results from the control measures, it is p
e retesting will be necessary.

emphasized<that conducting animal testing for risk reduction should only be consider
rnative coufses of action (review of prior knowledge, chemical or physical characterizat

sing them.
eans other

ssible that

ed after all
on, 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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of a proprietary nature can be resolved;

y data are readily available for the chemical constituent(s);

Fion/analytical chemistry studies are easily conducted.

se of chemical characterization data in a biological evaluation

several clauses/subclauses in this document that ask)the user to conduct a chem
ation of the medical device undergoing the biological-€valuation. For example, 4.3 instr
take into account the intended additives, process<eontaminants, residues, and leach
for their relevance to the overall biological evaléation of the medical device. Howeve
matter, no specific guidance is given on how, to take this information into account w
r the biological evaluation.

vard identification standpoint, information on the compounds released from the med
be useful in selecting appropriate biological evaluation tests. For example, if a compoun
roduce nephrotoxic effects, special @ttention could be paid to that endpoint when conduc

focus the b

Chemical characterization data can‘also be useful for risk estimation. If data are available on the
at which ajcompound is released from the medical device under conditions that simulate the in
environmepnt, and if sufficient,data are available to derive a relevant toxicological threshold or chem
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e or subchronic toxicity tests as(described in ISO 10993-11. Such information can be use
iological testing strategy to address the most clinically relevant endpoints.

it (see ISO 10993317, and ISO 10993-18), then it is possible to compare the dose receive
t threshold ordimit in assessing likelihood of adverse effects.

roprietary‘materials formulations

necessary data (e.g. complete formulation data) are not available to a manufacturer becd
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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
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