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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national
bodies (ISO member bodies). The work of preparing International Standards is normally c

:2017(E)

standards
arried 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. Int
organizations, governmental and non-governmental, in liaison with ISO, also take part in

ernational
the work.

ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of

electrotechnical standardization.

The procedures used to develop this document and those intended for its further maintg
degcribed in the ISO/IEC Directives, Part 1. In particular the different approval criteria-need
different types of ISO documents should be noted. This document was drafted in accordanc
editorial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attlention is drawn to the possibility that some of the elements of this documént'may be the
patent rights. ISO shall not be held responsible for identifying any or all sueh’patent rights.
any patent rights identified during the development of the document will be in the Introduct
on [the ISO list of patent declarations received (see www.iso.org/patents).

Any trade name used in this document is information given for thé.convenience of users an
conpstitute an endorsement.

Fof an explanation on the voluntary nature of standards, the meaning of ISO specific {

expressions related to conformity assessment, as well -as information about ISO's adhere
Warld Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT) see the
URLL: www.iso.org/iso/foreword.html.

Th]s document was prepared by Technical Committee ISO/TC 194 Biological and clinical ev
meical devices.

This third edition cancels and replaces ‘the second edition (ISO 10993-11:2006), which
tecdhnically revised with the followingchanges:

a) | reduction in group size for chronic toxicity testing in Table 1;

b) | anew Annex F was addé€d;

c) | the original Annex F was moved to Annex G;

d) | anew Annex Héwas added;

e) | the Bibliography was updated.

Alist of all'patts in the ISO 10993 series can be found on the ISO website.
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Introduction

Systemic toxicity is a potential adverse effect of the use of medical devices. Generalized effects, as well
as organ and organ system effects can result from absorption, distribution and metabolism of leachates

from the device or its materials to parts of the body with which they are not in direct contact. T

his

document addresses the evaluation of generalized systemic toxicity, not specific target organ or organ
system toxicity, even though these effects may result from the systemic absorption and distribution of

toxicants.

is not overly prescrlptlveWhlle it addresses spec1f1c methodologlcal aspects to be con51dered ih
design of systemic toxicity tests, proper study design has to be uniquely tailored to the nature of
device’s miaterials and its intended clinical application.

Other elements of this document are prescriptive in nature, including those aspects that addr
compliande with good laboratory practices and elements for inclusion in reporting.

While sorhe systemic toxicity tests (e.g. long term implantation or dermal toxicity studies) can
designed fo study systemic effects as well as local, carcinogenic or reproductiye)effects, this docum
focuses orjly on those aspects of such studies, which are intended to address’systemic effects. Stud
which arefintended to address other toxicological end points are addressedin 1SO 10993-3, ISO 10991
ISO 1099310 and ISO/TS 10993-20.

Prior to cpnducting a systemic toxicity study, all reasonably available data and scientifically sot
methods in the planning and refinement of the systemic toxicity study design should be review
This inclugles the suitability of use of input data such as existingtoxicological data, data from chem
characterization studies and/or other biological tests (includling in vitro tests and less invasive in yj
tests) for the refinement of study design, dose selection,\arnid/or selection of pathological end points
cover in the evaluation of a study. For the repeated exposure systemic toxicity study in particular,
use of scig¢ntifically sound study design, the use of-pilot studies and statistical study design and
use of unbliased, quantitative end points/methods\in the pathological (including histopathological)
clinical chpmistry methods are important so as'to obtain data which have sufficient scientific validit

Finally, tokicology is an imperfect sciencexThe outcome of any single test should not be the sole bz
for making a determination of whetherta device is safe for its intended use.
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Biological evaluation of medical devices —

Part 11:
Tests for systemic toxicity

1 | Scope

This document specifies requirements and gives guidance on procedures to bef follow
ev3luation of the potential for medical device materials to cause adverse systemic reactions.

2 | Normative references

The following documents are referred to in the text in such a way that some or all of the
constitutes requirements of this document. For dated references, only the edition cited aj
unglated references, the latest edition of the referenced document (fncluding any amendment]

ISQ 10993-1, Biological evaluation of medical devices — Part\1: Evaluation and testing wi
mapnagement process

1SQ 10993-2, Biological evaluation of medical devices — Rart 2: Animal welfare requirements

3 | Terms and definitions
Foif the purposes of this document, the terms.and definitions given in ISO 10993-1 and the folloy
ISQ and [EC maintain terminological databases for use in standardization at the following ad

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

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

3.

dose

dosage

amount of test sample administered (e.g. mass, volume) expressed per unit of body weight or su

3.
dose-effect
relptionship between the dosage and the magnitude of a defined biological effect either in an

ed in the

ir content
bplies. For
s) applies.

thin a risk

ving apply.

dresses:

rface area

individual

or Jnra,population sample

3.3
dose-response
relationship of dosage to the spectrum of effects related to the exposure

Note 1 to entry: There are two types of dose-response relationships. The first type is the resp

onse of an

individual to a range of doses. The second type is the distribution of responses of a population of individuals to

arange of doses.
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3.4

leachable substance

chemical removed from a device or material by the action of water or other liquids related to the use of
the device

Note 1 to entry: Examples of leachable substances are additives, sterilant residues, process residues, degradation
products, solvents, plasticizers, lubricants, catalysts, stabilizers, anti-oxidants, colouring agents, fillers and

monomers.

3.5
limit test

use of a single group treated at a suitable dosage of test sample in order to delineate the presencq

absence of

3.6
systemic
toxicity th

Note 1 to €
distant sitd

3.7
acute sys
adverse ef

test sample for 24 h

3.8
subacute

adverse efffects occurring after multiple or continuous expgsure between 24 h and 28 d

Noteltoe
period may
intervals b
a reasonab
but <14 d.

3.9

subchro
adverse
the lifesp4

Note 1 to e
of other sp
rodents an

3.10
chronic s

(:T}ects occurring after the repeated or continuous administration of a test sample for a par

a toxic hazard
foxicity
at is not limited to adverse effects at the site of contact between the body and the device

ntry: Systemic toxicity requires absorption and distribution of a toxicant from' its entry point {
at which deleterious effects are produced.

femic toxicity
fects occurring at any time within 72 h after single, multiple or continuous exposures

systemic toxicity

(try: Since this term is semantically incorrect, the adverse effects occurring within the specified t
also be described as a short-term repeated exposure systemic toxicity study. The selection of t
etween 14 d and 28 d is consistent with<most international regulatory guidelines and conside
le approach. Subacute intravenous studies are generally defined as treatment durations of >2

c systemic toxicity

n
ntry: Subchronic goxicity studies are usually 90 d in rodents but not exceeding 10 % of the lifes

bcies. Subchrondc jittravenous studies are generally defined as treatment durations of 14 d to 28 d
1 non-rodentsyrespectively.

ystemic toxicity

adverse ejfects occurring after the repeated or continuous administration of a test sample for a m3

part of th

or

fa

me
me
red
A h

L of

ban
for

jor

lifé spnan
r

Note 1 to entry: Chronic toxicity studies usually have a duration of 6 months to 12 months.

3.11

test sample
material, device, device portion, component, extract or portion thereof that is subjected to biological or
chemical testing or evaluation
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4 General considerations

4.1 General

Before a decision to perform a systemic toxicity test is made, ISO 10993-1 shall be taken into account.
The decision to perform a test shall be justified on the basis of an assessment of the risk of systemic
toxicity. Selection of the appropriate test(s) for a device shall be in accordance with ISO 10993-1, giving
due consideration to mode and duration of contact.

Testing shall be performed on the final product and/or representative component samples of the final

prq@duct and/or materials. Test samples shall reflect the conditions under which the device 1
manufactured and processed. If deviations are necessary, they shall be recorded in the 't
together with their justification. For hazard identification purposes, it may be necessary'to q

ex

Phj

osure to the test samples.

Fsical and chemical properties of the test sample including, for example,pH, stability,

osmolahty, buffering capacity, solubility and sterility, are some factors to(¢onsider when

the

W1
ref]
For

4.2

Th
me
of

roq
im
ths

Iti

study.

en animal tests are considered, all reasonably and practically available replacement, red
inement alternatives should be identified and implemented to satisfy the provisions of IS
in vivo acute toxicity testing, in vitro cytotoxicity data are useful in estimating starting d

Selection of animal species

bre is no absolute criterion for selecting a particularanimal species for systemic toxicity
dical devices. However, the species used shall be scientifically justified and in line with the
[SO 10993-2. For acute oral, intravenous, dernral and inhalation studies of medical d

b normally
st report,
xaggerate

viscosity,
designing

Iction and
D 10993-2.
ses.

testing of
brovisions
evices the

ent (mouse or rat) is preferred with the option of the rabbit (lagomorph) in the case of dermal and

blantation studies. Other non-rodent species may also need to be considered for testing, r¢
t a number of factors might dictate the<aiumber or choice of species for study.

b preferred that a single animal speciés and strain are used when a series of systemic toxic

pcognizing

ty studies

of dlifferent durations are performed, e.g. acute, subacute, subchronic and/or chronic systemlfic toxicity.

Th
to
do

.
P
e

Ge
hed
Wit
nu

s controls the variability between species and strains and facilitates an evaluation reld
ttudy duration. Should maltiple species or strains be used, justification for their selectid
fumented.

Animal status

nerally, healthy purpose-bred young adult animals of known origin and with defined micr
|Ith status should be used. At the commencement of the study, the weight variation of ani
hin a sex.should not exceed *20 % of the mean weight. When females are used, they
liparous and non-pregnant. Animal selection shall be justified.

ted solely
n shall be

biological
mals used
should be

4.4

A a 1 A1 1 a |
AlIldl LAl T dllu 11Tusvdaliiul 'y

Care and handling of animals shall conform to accepted animal husbandry guidelines. Animals shall
be acclimatized to the laboratory conditions prior to treatment and the period of time documented.
Control of environmental conditions and proper animal care techniques are necessary for meaningful
results. Dietary constituents and bedding materials that are known to produce or influence toxicity
should be properly characterized and their potential to influence test results taken into account.
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4.5 Size and number of groups

4.5.1 Size of groups

The precision of the systemic toxicity test is dependent to a large extent on the number of animals
used per dose level. The degree of precision needed and, in turn, the number of animals per dose group
needed depends on the purpose of the study.

Group sizes should logically increase with the duration of treatment, such that at the end of the study
enough animals in every group are available for thorough biological evaluation. However, the minimum

number o
Recomme

4D

Table 1 — Recommended minimum group sizes

Study type Rodent Non-rodent
Acutea 5 3

Subacute 10 (5 per sex)a 6 (3 per sex)a

Subchronic 20 (10 per sex)a 8 (4 per sex)a
Chronic 30 (15 per sex)b, ¢ ¢

a  Testing in a single sex is acceptable. When a device is
intended for use in only one sex, testing should<be) done in
that sex.

b The recommendation for rodents refers to,one dose-level
group testing. Where additional exaggerated-dose groups are
included the recommended group sizeumay be reduced to 10
per sex.

¢ Expert statistical consultation for chronic study non-
rodent group size is recommended. The number of animals
tested should be based on tli¢yminimum required to provide
meaningful data. Enough “animals shall remain at the
termination of the studyg'ensure proper statistical evaluation
of the results.

4.5.2 Nuyumber of groups

One dose
presence
studies re

The numb
using exag

group treated at a suitable dosage of test sample in a single species could delineate
br absence of a toxic-hazard (i.e. limit test). However, other multi-dose or dose respo
quire multiple groups to delineate the toxic response.

er of treatméht’groups may be increased when attempting to characterize a dose respo

gerated doses. The following examples for exaggerating the dose should be considered:
— multiples of.the clinical surface area of exposure;
— multiI

les)of the duration of exposure;

famimals stoutd be used comnsistent with obtaiming meamngfut Tesutts (see 1SO—10993;2).
hded minimum group sizes, all routes considered, are given in Table 1.

the
hse

1se

— multiples of the extractable fraction or the individual chemicals;

— multiple administrations within a 24-h period.

Other methods to exaggerate the dose may be acceptable. The method used shall be justified.

4.5.3 Treatment controls

Depending on the objective of the study, the nature of the test article and the route of exposure, negative,
vehicle and/or sham-treated controls should be incorporated into all systemic toxicity studies. These
controls shall mimic the test sample preparation and treatment procedure.

© ISO 2017 - All rights reserved
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4.6 Route of exposure

Medical devices or their leachable substances may gain access to the body by multiple routes of
exposure. The test route of exposure shall be the most clinically relevant to the use of the device, where
possible. If an alternative route of exposure is necessary, it shall be justified. Examples of routes of
administration can be found in Annex A.

4.7 Sample preparation

Guidance on sample preparation and stability is given in ISO 10993-12.

4.8 Dosing

4.8.1 Testsample administration

Prq
rel
nof

cedures should be designed to avoid physiological changes or animal welfare problems n
hted to the toxicity of the test material. If a single daily dose of a sufficient volume or conce
possible, the dose may be given in smaller fractions over a period not exceeding 24 h.

bt directly
ntration is

Teq
ten

t samples shall be delivered at a physiologically acceptable température. In general, roo
\perature is a common practice. Deviations shall be justified.

m or body

Vehicles administered by a parenteral route should be physiologically compatible. When
sarpple filtration to remove particulates should be used and*documented. When medical devi
tesft samples in the form of nanomaterials are to be evaluated sample filtrations shall not be g
(see ISO/TR 10993-22).

Restraint of animals in repeated exposure systenric toxicity studies should generally be
befween 4 h and 6 h per day. The nature and the,duration of restraint should be the minimun

hecessary,
Ces and/or
erformed.

limited to
h required

to [meet the scientific objectives and should\hot of themselves compromise the welfare ¢f the test

animals. Deviations shall be justified.

WHen restraint is required animals.should be acclimatized to the restraint device prior to t
adininistration.

bst sample

are used,
h constant
ied.

ten shown
5 may also

muscular

Bolus intravenous injection volumes are usually given over a period of approximately 1 min. The rate of
injection is an important factor and it is suggested that, for rodents, the rate shall not exceed 2 ml/min.

Slow or timed injection, or intravenous infusion, may be required for large volume administration.
Regardless of the calculated rate, the rate of fluid administration shall be stopped or decreased if the
animal demonstrates a marked change in clinical condition.

Slow intravenous injection rates may be necessary for test samples limited by solubility or irritancy.

Continuous infusion may be used if clinically indicated. The volume and rate of administration will
depend on the substance being given and take into account standard fluid therapy practice. As a guide,

© IS0 2017 - All rights reserved
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the volume administered on a single occasion will be <10 % of the circulating blood volume over 2 h.
Minimal effective restraint of test animals is a key factor to be considered for prolonged infusion.

For subcutaneous administration of test article, refer to Annex B. The rate and extent of absorption
depends on the test sample formulation.

4.8.3 Dosage frequency

The dosage frequency should be based on clinical relevancy. Exaggerated procedures shall be clearly
specified and justified.

In acute systemic toxicity studies, the animals should be exposed to the test sample in a single doseg or
with mult]ple fractions of the dose given within a 24 h period.

In repeatdd exposure studies the animals should be dosed with the test sample daily, seyen days each
week for the duration of the test. Other dosage regimens may be acceptable but shall bejustified.

4.9 Body weight and food/water consumption

Body weight change and changes in food and water consumption may be attributed to the effects ¢f a
test articlg¢. Consequently, individual weights of the animals shall be determined shortly before the test
sample is pdministered (e.g. usually within 24 h for single or acute dosing, and no more than 7 d|for
repeated ¢xposure studies), at regular intervals throughout the studyand at study termination. When
dosing by pody weight, the most recent body weight should be utilized.

Measurenjents of food and water consumption, as appropriate; shall be considered for longer-tgrm
repeated gxposure studies.

4.10 Clinical observations

Clinical observations should be performed by trained individuals to ensure consistent reporting. The
frequency|and duration of observation shouldbe determined by the nature and severity of the tgxic
reactions,|rate of onset and recovery period.liicreased frequency of observation may be necessary in the
early phage of a study, especially acute studiés. The time at which signs of toxicity appear and disapp¢ar,
their duration and the time of death are important, especially if there is a tendency for adverse clinical
signs or dgaths to be delayed. Humapneehd points, as defined by national or international animal welfhre
guidelineg, should be used in ordér to avoid unnecessary suffering. General clinical observations shall
consider the peak period of anticipated effects after dosing.

Observatipns shall be recorded systematically as they are made. Records shall be maintained [for
each animal.

Cage-side pbservatiens for viability or overt clinical signs shall be recorded at least once each day usjing
common laboratery descriptors of clinical effects (see Annex C).

Morbidity|andvmortality observations shall be recorded at least twice daily for long-term repeated
exposure stiudies A more extensive screening for adverse clinical signs may he cansidered on at least a

weekly basis for longer-term repeated exposure studies.

4.11 Clinical pathology

Haematology and clinical chemistry analyses are performed to investigate toxic effects in tissues,
organs and other systems. When indicated, these analyses shall be performed on blood samples
obtained from repeated exposure study animals at least just prior to, or as a part of, the procedure for
scheduled animal termination. Fasting of animals prior to blood sampling may be necessary in some
cases. When scientifically indicated, urinalysis can be performed during the last week of a long-term
repeated exposure study using timed (e.g. 16 h to 24 h) urine volume collection.

6 © IS0 2017 - All rights reserved
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Suggested haematology, clinical chemistry and urinalysis parameters for evaluation are listed in
Annex D.

4.12 Anatomic pathology

When clinically indicated, gross pathological evaluations should be considered for acute systemic
toxicity studies.

All animals in repeated exposure studies shall be subjected to a full, detailed gross necropsy which
includes careful examination of the external surface of the body, all orifices, and the cranial, thoracic,
an i Tt i ; gt immed of any
adherent tissue, as appropriate, and their wet weight taken as soon as possible to avoid drying.

Anpex E suggests the tissues that should be weighed and preserved in an appropriate fixatign medium
for|histopathological examination.

A summary of minimum observations for each type of study is given in Table.2:

Table 2 — Summary of observations

Observation Acute Subacute/subchronic Chronica
Body weight change + + +
Clinical observations + ¥ +
Clinical pathology b ab +
Gross pathology b + +
Organ weights b + +
Histopathology b ab +

+ Data should be provided.

a  Chronic systemic toxicity testing is gererally a time extension of subacute/subchronic testing, justifjed
by the human exposure period. Many of the same parameters are recorded and reported. Group sizes npay
be increased to include satellite groups,for which some, or all, of these observations may be made.

b Consideration should be givén o these measurements when clinically indicated or if longer exposfire
testing is not anticipated. Lists. of suggested bodily fluids and organ/tissue analyses are included| in
Annex D, Annex E and Annéx}"

—-

4.13 Study designs

Stydy designs are listed in subsequent clauses of this document. Expert consultation for study design is
redommended.

4.14 Quality of investigation

Gopd laboratory practices deal with the organization, process and conditions under which laboratory
stydies are planned, performed, monitored, recorded and reported. These practices are ifjtended to
promote the quality and validity of the test data. They also support the global harmonization effort by
facilitating the memoranda of understanding between trading nations. Systemic toxicity studies shall
be conducted following such principles.

5 Acute systemic toxicity

5.1 General

Acute systemic toxicity provides general information on health hazards likely to arise from an acute
exposure by the intended clinical route. An acute toxicity study might be an initial step in establishing
a dosage regimen in subacute/subchronic and other studies and may provide information on the
mode of toxic action of a substance by the intended clinical exposure route. Subsequent to test sample

© IS0 2017 - All rights reserved 7
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administration in acute systemic toxicity testing, observations are made of effects (e.g. adverse clinical
signs, body weight change, gross pathological findings) and deaths. Animals showing severe and
enduring signs of distress and pain need to be euthanized immediately. Corrosive or irritating materials
known to cause marked pain or distress should be reported as such and need not be tested.

The Interagency Coordinating Committee on the Validation of Alternative Methods (ICCVAM) and
the European Centre for the Validation of Alternative Methods (ECVAM) have validated the in vitro
cytotoxicity test as an alternative to acute oral toxicity testing. Humane end points, as defined by
national or international animal welfare guidelines, should be used in order to avoid unnecessary
suffering.

5.2 Stugly design

5.2.1 Pieparations

Healthy yqung adult animals are acclimatized to the laboratory conditions for at least 5@wprior to the test.
Shorter dyrations shall be justified. Animals are then randomized and assigned to thetreatment groups.

5.2.2 Experimental animals

5.2.2.1 Belection of species

Typically, p rodent species (rat, mouse) will be used. Characteristics of the model (age, weight, etc.) are
as specifidd in 4.2 and 4.3. If non-rodent species are used their use, shall be scientifically justified.

5.2.2.2 Number and sex

The numbkr and type of group, animals per group, and:sex are as specified in 4.5.

5.2.2.3 Housing and feeding conditions

The tempegrature and the relative humidity~jir'the experimental animal rooms should be appropriate
for the spgcies, e.g. (22 = 3) °C and 30 % to~70 % RH, for mice. Typically, the artificial lighting sequence
should be {12 h light, 12 h dark.

For feeding, standardized commniercial laboratory diets may be used with an unlimited supply] of
drinking yvater. Animals shouldybe caged in-groups by sex or individually, as appropriate; for group
housing npt more than five afhimals shall be housed per cage.

5.2.3 T¢gst conditions

5.2.3.1 DPose levels

Dose levelg shall be as specified in 4.8.

Animals in the control group should be handled in an identical manner to the test group subjects with
the exception of not being dosed with the test sample.

5.2.3.2 Procedure

The animals receive a single dose of the test sample or, when necessary, multiple doses within a single
24 h period. Signs of toxicity should be recorded as they are observed including the time of onset,
degree and duration.

Regular observation of the animals is necessary to ensure that animals are not lost from the study due
to cannibalism, autolysis of tissues or misplacement. At the end of the study, all surviving animals are
euthanized. Any moribund animals should be removed and euthanized when noticed to exhibit such
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behaviour. Methods used for euthanasia should be in accordance with national or international animal

we

Ifare guidelines.

The observation schedules and humane end points applied should preclude the possibility of animals

bei

ng found dead as a direct consequence of test sample toxicity.

5.2.4 Body weights

Body weight measurements should be made immediately before dosing, daily for the first three days
after dosing, weekly after the first dose if indicated by study duration, and at the end of the study.

5.2

Th
deg
In

los
sad
cha
cer
An|

5.2

5.2
Cli

materials with expected or observed toxicity (from a prior study), or for new device mater

thd
exa

a)

b)

Uri
on

5.2

.5 Clinical observations

b observation period for an acute systemic toxicity study shall be at least 3,d,.'or lor
bmed appropriate. Specifics of frequency and observation type are specified in, 4.10 anc

iger when
Annex C.

i1l cases, observations shall be made at a frequency, and appropriate actions taken, to mii
5 of animals to the study, e.g. necropsy or refrigeration of those animals feind dead and i
rifice of weak or moribund animals. Cage-side observations should inclide, but not be

nges in skin and fur, eyes and mucous membranes, and also respiratory, circulatory, auto
tral nervous system, somatomotor activity and behaviour patternfusing the descriptors p|
hex C.

.6 Pathology

.6.1 Clinical pathology

hical pathology evaluations shall be considered. when there is an indication, such as

re is no previous experience. When clinieal pathology evaluations are performed, the
iminations shall be considered.

Haematology, as specified in Annex D, should be considered for investigation at the
test period.

Clinical biochemical determination on blood, as listed in Annex D, should be considered
of the test period. Test areas which are considered appropriate to acute exposure studid
and kidney function. Additional clinical biochemistry may be utilized where necessary
the observation of the observed effects.

nalysis (see Aniiex D) is not necessary on a routine basis but only when there is an indica
expected or opserved toxicity. Suggested parameters are listed in Annex D.

.6.2 _Gross pathology

Gross”pathological evaluations shall be considered when there is an indication, such as
matterials with ex r rv xicity (from rior r for new device mater

himize the
olation or
imited to,
nomic and
rovided in

for device
als where
following

bnd of the

at the end
s are liver
to extend

tion based

for device

als where

there is no previous experience. This should include an examination of the external surface of the body,
all orifices, and the cranial, thoracic and abdominal cavities and their contents. When appropriate,
consideration should also be given to recording the weight of the brain, liver, kidneys, adrenals and
testes, which should be weighed wet as soon as possible after dissection to avoid drying and subsequent
falsely low values.

5.2.6.3 Histopathology

Full histopathology is not typically carried out on organs and tissues from animals in the acute systemic
toxicity study, unless indicated specifically by unique gross necropsy findings.
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5.3 Evaluation criteria

5.3.1 General

Depending on the test design utilized, the following evaluation criteria apply.

a)

b)

For pharmacopoeia-type testing.

iy

2)

3)

4)

If during the observation period of an acute systemic toxicity test none of the animals trea
with the test sample shows a significantly greater biological reactivity than animals trea

Using five animals, if two or more animals die, or if behaviour such as convulsions

ted
ted

or

pyostration occurs in two or more animals, or if a final (end of study) body weight lgss gredter

than 10 % occurs in three or more animals, the sample does not meet the requirgments of
tgdst. Any transitory body weight loss should be critically evaluated along with other clin
servations in the assessment of systemic toxicity.

Iflany animals treated with the sample show only slight signs of biological reactivity, and

using groups of 10 animals.

biological reactivity above the vehicle control animals darjng the observation period,
sgmple meets the requirements of this test.

For nqn-pharmacopoeia acute systemic toxicity tests.

The

the
cal

not

more than one animal shows gross symptoms of biological reactivity.or dies, repeat the testing

Oh the repeat test, if all 10 animals treated with the sample show no scientifically meaningful

the

tion exists to perform evaluations using more extensive methods including clinical gnd

anatomic pathology, which may eliminate the need-for a repeat test. Acute exposure may incliide
a re-ejvaluation if there are equivocal differencessfrom concurrent controls. Differences should| be
explained and the study extended to include,an additional five animals, if applicable.

5.3.2 Evaluation of results

The findings of an acute systemic toxitity study should be evaluated in conjunction with the findi
of precedilng studies, if available, and,considered in terms of the toxic effects and the gross necropsy

findings,

substance| and the presence arjabsence and the incidence and severity of abnormalities, includ

behavioun

any other general or specifiCeffects.

5.4 Final report

The following, information, where applicable, shall be contained in the final test report for the ac
systemic toxicity study.

ngs

f observed. The evaluation shall include the relationship between the dose of the test

ing

al and clinical abngrmalities, gross lesions, body weight changes, effects on mortality and

Lte

a) Details of the testing laboratory and study sponsor, and rationale for selection of the study design.

b) Testsample:

10

1) physical nature, purity and physiochemical properties, as appropriate;
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g)
h)
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2) other identification data.

Extraction solvent or vehicle (if appropriate):

1) justification for choice of extraction solvent or vehicle if other than those listed in ISO 10993-12.
Test animals:

1) species/strain used;

2) number, age and sex of animals;

3) source including microbiological status (e.g. barrier raised, conventional), housinig fonditions
(temperature, humidity, bedding, lighting, diet, etc.);

4) weights at study initiation.
Test conditions:
1) rationale for dose selection;

2) details of test sample formulation/preparation; achieved--concentrations; stapility and
homogeneity, if appropriate;

3) details of the administration of the test sample;
4) conversion from test sample concentration (ppm).to.the actual dose (mg/kg BW), if applicable;
5) details of food, water and bedding quality.
Results:

1) data may be summarized in tabular.form, showing for each control and test group the number
of animals at the start of the test/the number of animals showing adverse clinical [signs, and
the number of animals displaying body weight changes;

2) body weight/body weight Change;

3) food and water consumption, if applicable;

4) toxic response data by sex and dose level, including signs of toxicity;

5) nature, severity and duration of clinical observations (whether reversible or not);
6) neurobehavioural assessments, if applicable;

7) haemdtological tests utilized and results with relevant control data, if applicable;

8), ‘chinical biochemistry tests utilized and results with relevant control data, if applicable;

9) urinalysis tests utilized and results with relevant control data, if applicable;

10) terminal body weight and organ weight data, if applicable;

11) necropsy findings;

12) detailed description of all histopathological findings, if applicable;

13) statistical evaluation of results, if used, and a discussion of their biological significance.
Discussion of results.

Conclusions.

Quality assurance statement.
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An acute systemic toxicity study will provide information on the effects of acute exposure to a test
substance. Extrapolation of the results of the study to humans is valid to a limited degree but it can

provide useful information on permissible exposure.

6 Repeated exposure systemic toxicity (subacute, subchronic and chronic
systemic toxicity)

6.1 General

While acu
form of hu
Effects frg
in tissues

potential ¢

Repeated
a prolongg

toxic actign of a substance by the intended clinical exposure route.

Repeated
organs, re|

man exposure to many medical devices is in the form of repeated or continuous exposui
m repeated or continuous exposure may potentially occur due to accumulation ofchemid
br by other mechanisms. Long term testing (subacute, subchronic, chronic) can identify th
pffects.

exposure systemic toxicity tests provide information on health hazards likely to arise fr
d exposure by the intended clinical route. It might also provide information on the modsg

pxposure systemic toxicity studies will provide detailed information on toxic effects, tar
versibility or other effects and may serve as the basis for safety estimation. Results of th

fe toxicity deals with the adverse effects of single doses (or limited exposure), a more comnjon

es.
als
bse

om
p of

cet
bse

studies prjovide important information that is reflected in the extent\of the guidance of clinical gnd
anatomic pathology investigations.

Repeated pxposure studies do not generally provide a retest cfitérion. Rather, group sizes are designed
to accomjlodate a statistical assessment of the recorded observations (see Table 1).

Because of the variable durations for repeated exposure studies, test samples shall be prepared as
required, o ensure their stability.

6.2 Study design

6.2.1 Preparations

Healthy young adult animals are acclimatized to the laboratory conditions for at least 5 d prior to fhe
test. Animlals are then randomized and assigned to the treatment groups.

6.2.2 Experimental aninials

6.2.2.1 Belection of species

Typically the rodent (rat, mouse) will be used. Characteristics of the model (age, weight, etc.) pre

specified in 42'and 4.3. When non-rodent species are used they shall be scientifically justified.

6.2.2.2

umber and sex

The number and type of groups, animals per group, and sex are as specified in 4.5. When scientifically
justified, consideration should be given to the use of satellite animals treated with the high dose level
along with satellite controls for a predetermined period beyond the terminal euthanasia. This group,
with its controls, may be used to examine treatment effects including reversibility, persistence or delayed
toxic effects. For subchronic studies the satellite animals shall be maintained for not less than 28 d.

6.2.2.3 Housing and feeding conditions

The temperature and the relative humidity in the experimental animal rooms should be appropriate
for the species, e.g. (22 + 3) °C and 30 % to 70 % RH, for rats. Typically, the artificial lighting sequence
should be 12 h light, 12 h dark.
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For feeding, standardized commercial laboratory diets may be used with an unlimited supply of
drinking water. Animals may be caged in groups by sex or individually with justification, as appropriate;

for

group housing not more than five animals should be housed per cage.

6.2.3 Test conditions

6.2.3.1 Dose levels

The dose to use for toxicity tests of medical devices shall be defined in relation to the results of risk
assessment, balancing the clinical exposure dose with the use of safety factors, as applicable. Except

for|treatment with the test substance, animals in the control group should be handled ima

m
Un
wit
inv
6.2
An

]

nner to the test group subjects.

h medical devices often do not result in a dose-response effect, thus a toxic effect at the
estigated is not mandatory.

.3.2 Procedure

exposure studies, dosing on 5 d/week basis is acceptable but should-be documented and just

6.2

Bo
ind

6.2

Th
du
In

los
eut
chd
cer
An|

Ty}
shd

preé
det
jus

6.2

4 Body weights

icated by study duration, and at the end of the study.

.5 Clinical observations

h

observation period for a repeated_dese systemic toxicity study shall be appropria

mals should be dosed ideally 7 d/week for the duration of the study. For longer ternm

ration of the study. Specifics of frequency and observation type are specified in 4.10 and

h identical

ike classical chemical studies of repeated exposure systemic toxicity, repeated eXposufre studies

dose level

repeated
fied.

ly weight measurements should be made immediately'before dosing, weekly after the fifrst dose if

e for the
| Annex C.

i1l cases, observations shall be madesat a frequency, and appropriate actions taken, to mi

hanasia of weak or moribund animals. Cage-side observations should include, but not be
nges in skin and fur, eyes-and mucous membranes, and also respiratory, circulatory, auto
tral nervous system, somatomotor activity and behaviour pattern, using the descriptors p|
hex C.

pically, ophthalmoelogic examinations, using an ophthalmoscope or equivalent suitable e
uld be made priot to the administration of the test substance and at the termination of
ferably in allanimals but at least in the high dose and control groups. If changes in th
ected, allhdanimals should be examined. Exception to examination should be docum
tified.

.67 Pathology

5 of animals to the study, e.g. neCropsy or refrigeration of those animals found dead and i

himize the
olation or
limited to,
nomic and
rovided in

quipment,
the study,
e eyes are
bnted and

6.2.6.1 Clinical pathology

The following examinations should be made.

a)

b)

Haematology, as specified in Annex D, should be investigated at the end of the test period. Depending

on the length of the study, more frequent sampling should be considered.

Clinical biochemical determination on blood should be carried out at the end of the test period.

Depending on the length of the study, more frequent sampling should be considered. Test
are considered appropriate to all repeated exposure studies are electrolyte balance, car
metabolism, and liver and kidney function. The selection of specific tests may be infl
observations on the mode of action of the test substance. Suggested determinations

© IS0 2017 - All rights reserved
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in Annex D. Additional clinical biochemistry may be utilized where necessary to extend the
observation of the observed effects.

Urinalysis (see Annex D) is not necessary on a routine basis but only when there is an indication based
on expected or observed toxicity.

Historical data for normal values are useful for establishing baseline levels and for comparison with
concurrent study controls. If historical baseline data are deemed inadequate, consideration should be
given to the collection of this information for animals of the same age, sex, strain and source, preferably
within the same laboratory.

6.2.6.2 ross pathology

All animals should be subjected to full gross necropsy, which includes examination of the|exterpnal
surface of| the body, all orifices, and the cranial, thoracic and abdominal cavities and their contents.
The adrenpls, brain, epididymis, heart, kidneys, liver, ovaries, spleen, testes, thymus and,uterus shopld
be weigheld wet as soon as possible after dissection to avoid drying and subsequent{alsely low valyes.
The organls and tissues listed in Annex E should be preserved in a suitable medium)for possible futfire
histopathg¢logical examination.

6.2.6.3 Histopathology

a) Full hiistopathology should be carried out on organs and tissues\from animals in the control gnd
high dose groups.

b) All grgss lesions should be examined.

c¢) The liings of animals in the low and intermediate dose groups, if used, should be subjected to
histopjathological examination for evidence of infection, since this provides a convenient assessmgnt
of theg state of health of the animals. Consideration should also be given to histopathologjcal
examination of the liver and kidneys in these-groups. Further histopathological examination may
not bg required routinely on the animals in these groups but shall always be carried out in organs
whichf showed evidence of lesions in the-high dose group.

d) When|a satellite group is used, histopathology may be performed on tissues and organs identifjied
as shgwing effects in the treated groups.

e) In gereral, for chronic studies,)sentinel animals should be used for monitoring the occurrenc¢ of
infectjous agents. Serology or histology of sentinel groups may be performed as indicated.

f) During selection of drgans for histopathology, due consideration should be given to chemijcal
charagterization of device materials. For example, if the device is coated with drugs/pharmaceutjcal
agents, then targetiorgans for those chemicals should be studied in treated animals for any advefse
effectp.

6.3 Evaluation criteria

6.3.1 General

Data may be summarized in tabular form, showing, for each test group, the number of animals at
the start of the test, the number of animals showing lesions, the types of lesions and the percentage
of animals displaying each type of lesion. Statistical evaluations should be performed but biological
relevance should be considered. Generally accepted statistical methods should be used and selected
during the design phase of the study.

6.3.2 Evaluation of results

The findings of a repeated exposure study should be evaluated in conjunction with the findings of
preceding studies and considered in terms of the toxic effects and the necropsy and histopathological
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findings. The evaluation shall include the relationship between the dose of the test substance and the
observed effects. Observed effects including behavioural and clinical abnormalities, gross lesions,
microscopic changes, effects on mortality and any other effects should be evaluated for their biological
significance. Evaluation of observed effects should also consider their relevance to humans.

6.4 Final report

The information given in 5.4 shall be contained in the final report for the repeated exposure systemic
toxicity study. In addition, the following information shall be provided:

— rheenmatotogical tests utitized anmd Tesults withr refevamnt controt dats;

— | clinical biochemistry tests utilized and results with relevant control data;
— | histopathological findings;

— | a statistical evaluation of results, where used, and a discussion of their bialegical signifidance.

A lpng-term systemic toxicity study will provide information on the effec¢ts-of repeated exposure to a
tesft substance. Extrapolation of the results of the study to humans is valid to a limited degre¢ but it can
pravide useful information on permissible human exposure.
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Annex A
(informative)

Routes of administration

A.1 Generat

I

Several r
clinically 1
alternativ
designing

A2

Tests for s
should be

A.3 Implantation

Tests for

be appropriate for direct testing of a material by application to a general or specific area. Shape 3

texture of]
ISO 10993

A.4 Inh

Tests for
environm
with pote
dedicated

A.5 Intj

Tests fors
contact en
to the inty

and justifiled,

Dermal

tes of administration are listed in A.2 to A.10. Other routes of administration may®e m
elevant and should be utilized. The most relevant route of administration shall be-used. I

appropriate studies.

ystemic toxicity by the dermal route may be appropriate for surface devices. Considerat
viven to limiting animal oral access to the test sample.

the test article should be taken into consideration. Methods for implantation can be foung
-6.

alation

Kystemic toxicity by the inhalation route may be appropriate for devices with a cont

htial for inhalation. Protocol specifics for this route of administration may be found in m|
texts for inhalation toxicology.

radermal

vironmerit conducive to chemical leaching. Test samples are typically administered direq
adermalkregion by injection. The use of multiple treatment sites should be clearly specif]

pre
an

e route of administration is used it shall be justified. Expert consultation is suggested when

ion

ystemic toxicity by implantation may be appropriate for implanted devices. The test may

nd
| in

act

ent conducive to volatile chemical vapour leaching or for an aerosol/particulate test sample

ost

ystemic toxicity by the intradermal route may be appropriate for a device with an intraderinal

tly
ied

A.6 Intramuscular

Tests for systemic toxicity by the intramuscular route may be appropriate for devices with a muscle
tissue contact environment conducive to chemical leaching. Test samples are typically administered
directly to the muscle tissue by injection or surgical implantation. Sites need to be chosen to minimize
the loss of function or the possibility of pain from nerve damage caused by muscle fibre tension from the
injected or implanted test sample. Sites should be rotated for repeated dose studies since, for example,
non-aqueous formulations may remain as a depot for >24 h. The use of multiple treatment sites should

be clearly

16

specified and justified.
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A.7 Intraperitoneal

Tests for systemic toxicity by the intraperitoneal route may be appropriate for devices with a

:2017(E)

fluid-path

or peritoneal cavity contact environment conducive to chemical leaching. This is also an appropriate
route when the extract should not be given intravenously, such as with non-polar oil extracts and
where particulates might be present. This route is preferable to filtering for an intravenous injection.
Test samples are typically administered directly to the peritoneal cavity. Dose frequency calculations

should consider that test articles administered by this route are absorbed primarily through

the portal

circulation and therefore shall pass through the liver before reaching general circulation. Care should

be taken not to inject into the stomach or intestinal tract.

A.8 Intravenous

Tegts for systemic toxicity by the intravenous route may be appropriate for devices wit

h a direct

or [indirect fluid-path or blood contact environment conducive to chemical deaching. Teqt samples
arq typically placed in or administered directly to the vascular system. If-particulates are present,
deliivery by the intraperitoneal route or sample filtration should be considered. For the ev3gluation of

napomaterials, nanomaterial dispersions themselves may be consideredfor intravenous admi

histration.

Retommended dosage volumes and rates of administration for intravenous studies withl the most

cotnmonly used laboratory animal species are listed in Annex B.

Care should be taken to minimize the possibility of extra vascular injection of test sample. Fo

Ir injection

taling 5 min or more, consideration should be given to thease of a butterfly needle or an irftravenous

carnula.

A.9 Oral

Tegts for systemic toxicity by the oral route may be appropriate for devices contacting the oifal mucosa
directly or indirectly, or for products with' other enteral application. Test samples arg typically
administered by gavage. Experimental*animals should generally be fasted prior to test sample
adiinistration. The period of fasting may range from hours to overnight, with the shorter periods for

anjmals with higher metabolic rates;Following the period of fasting, the animals should b

e weighed

andl then the test sample administered in a single dose based on body weight. After the test Jample has
be¢n administered, food may<be withheld for an additional 3 h to 4 h. Where a dose is administered

in fractions over a certain.period, it may be necessary to provide the animals with food
depending on the length of‘the period.

A.10 Subcutaneous

Tegqts for systemic toxicity by the subcutaneous route may be appropriate for a devi

hnd water

ce with a

subbcutanedus 'contact environment conducive to chemical leaching. Test samples are| typically

administered directly to the subcutaneous region by injection or by implantation. The use
trethent sites should be clearly specified and justified.

f multiple
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Annex B
(informative)

Dosage volumes

B.1 Generat

The principles of humane animal research require that all reasonable efforts be made to midimizg or
eliminate pll adverse physiological or pathological effects. The values listed in Table B.1 are lintended

to be infgrmative and represent the maximum limits reported in the literature foi single d

pse

administrptions. These maximum values should not be taken as a recommendation ifi*this documgnt
but investligators should apply upper limits with regard to factors such as body weight/surface area,
rate of administration, number and frequency of administrations, physical-chemical and biological
propertieg of the test sample, and animal strain. For repeated dose administrations attempts should be
made to nlinimize the dosage volume while taking into consideration these adjirstment factors.

Table B.1 — Maximum single dosage volumes (ml/kg) for test sample administration

A Subcutaneous | Intramuscular Intraperitoneal Gavage Intravenous
Spegles ml/kg ml/kg ml/kg ml/kg ml/kg
R4t 20 1 20 50 40
Mouse 50 2 50 50 50
Rabbit 10 1 20 20 10
Ddg 2 1 20 20 10
Monkey 5 1 20 15 10
Regulationg of individual countries may supersede-tli¢‘maximum volumes listed above. Intramuscular administration§ in
;or(rilrle;lr';sir?hc uld not exceed 0,1 ml/site (mouse) and.0,2 ml/site (rat), while intravenous dosage volumes should not exc¢ed

B.2  D¢sage volume references

See Refergnces [11],[12],[13]{341,[15],[16].

18
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Common clinical signs and observations

Table C.1 — Common clinical signs and observations

linical observation

Observed sign

Involved system(s)

Respiratory

Dyspnea (abdominal breathing, gasping),
apnoea, cyanosis, tachypnea, nostril
discharges

CNS, pulmonary, cardjac

Motor activities

Decrease/increase somnolence, loss of
righting, catalepsy, ataxia, unusual locomo-
tion, prostration, tremors, fasciculation

CNS, sematomotor, sengory,
nenremuscular, autonomic

Convulsion

Clonic, tonic, tonic-clonic, asphyxial,
opisthotonos

€NS;/neuromuscular, autonomic,
respiratory

Reflexes

Corneal, righting, myotactic, light, startle
reflex

CNS, sensory, autonomic, neurpmuscular,

Ocular signs

Lacrimation, miosis, mydriasis,
exophthalmos, ptosis, opacity, iritis,
conjunctivitis, chromodacryortiiea,
relaxation of nictitating membrane

Autonomic, irritation

Cprdiovascular signs

Bradycardia, tachycardia\arrhythmia,
vasodilation, vasegenstriction

CNS, autonomic, cardiac, pulmonary

Salivation Excessive Autonomic
Piloerection Rough hair Autonomic
Analgesia Decrease reaction CNS, sensory

Muscle tone

Hypotonia, hypertonia

Autonomic

Gastrointestinal

Softstool, diarrhoea, emesis, diuresis,
rhinorrhoea

CNS, autonomic, sensory, Gl motility,
kidney

Skin

Oedema, erythema

Tissue damage, irritation

© IS0 2017 - All rights reserved
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(informative)

Suggested haematology, clinical chemistry and urinalysis
measurements

D.1 Haematology

— Clotting potential (PT, APTT)
— Haempglobin concentration
— Haemptocrit

— Platelgt count

— Red blood cell count

— Whitg blood cell count

—  WBC dlifferential

D.2 Clinical chemistry
— AlbunIin

— ALP
— ALT
— AST
— Calciym
— Chloryde
— Cholesterol

— Creatinine

— GGT

—  Glucoseé

— Inorganic phosphorus
— Potassium

— Sodium

— Total bilirubin

— Total protein

— Triglycerides

— Urea nitrogen
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— Additional enzymes, as scientifically appropriate

— Total immunoglobulin levels may be considered as an indicator for immunotoxicity

D.3 Urinalysis (timed collection, e.g. 16 h to 24 h)
— Appearance

— Bilirubin

— rGiucose

— | Ketones

— | Occult Blood

— | Protein

— | Sediment

— | Specific gravity or osmolality
— | Volume

— | Other scientifically appropriate tests if test article is_ suspected to cause specific orggn toxicity
(generally requires refrigerated sample collection)
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Annex E
(informative)

Suggested organ list for histopathological evaluation

In addition to the hlstopathologlcal evaluatlon organs/tlssues marked w1th an asterlsk (*) below should
be weighept; witt tiffcatty appropr ' ' May
suggest the need to examine additional tissues. Also any organs con51dered llkely to be target org Ains

based on the known properties of the test substance should be preserved.

Full histopathology should be carried out on the preserved organs and tissues of all animals in the

control a
should be
the highes

22

Adren
All gr
Aorta
Bone

Brain

Caecum

Colon
Duodg
Epidid
Oesop
Eyes

Gallb
Heart
[leum

Jejuny

d highest dose group. These examinations, targeted to specific organs/tissues as necessary,
extended to animals of all other dosage groups if treatment-related changes-are observed in
t dosage group.

als*

pss lesions (including treatment sites)

marrow (femur, rib or sternum)

(representative sections including cerebrum, cerébellum and pons)

num
ymis*

hagus

adder (if present)

e

Kidn

Liver*

Lungs and bronchi (preserved by inflation with fixative and then immersion)

Lymph nodes (local to cover site of administration and distant to cover systemic effects)

Mammary gland (female)

Muscle (skeletal)

Nasal

Nerve

turbinates (for inhalation studies)

(sciatic or tibial) preferably in close proximity to the muscle
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