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Foreword

[SO (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 procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1.In partlcular the different approval criteria needed for the dlfferent types

of ISO dogumen

ISO/IECD

[SO draw
patent(s).
rights in
patent(s)
this may
WWW.iso

.pbrg/patents. [SO shall not be held responsible for identifying any or allysuch patent rightq.

les of the
irectives, Part 2 (see WWW.is0. org/dlrectlves)

5 attention to the possibility that the implementation of this document may involve-the|use of (a)
ISO takes no position concerning the evidence, validity or applicability of any claimged patent
respect thereof. As of the date of publication of this document, ISO had not received ndgtice of (a)
which may be required to implement this document. However, implemefiters are cautioned that
hot represent the latest information, which may be obtained from the patent database ayailable at

Any trad{
constitutd

For an ex

related tp conformity assessment, as well as information about ISO's adherence to the Wo

Organizat

This docu
Subcomm

e name used in this document is information given for the convenience of users and| does not
e an endorsement.

blanation of the voluntary nature of standards, the meaning of ISO specific terms and e

ion (WTO) principlesin the Technical Barriers to Trade(TBT), see www.iso.org/iso/foreword.html.

ment was prepared by Technical Committee ISQ/TC 121, Anaesthetic and respiratory equipment,
ittee SC 3, Respiratory devices and related equipment used for patient care in collaborgtion with

the Euro

ean Committee for Standardization (CEN)“Technical Committee CEN/TC 215, Respirfitory and

anaesthetjc equipment, in accordance with the Agreement on technical cooperation between ISQ and CEN

(Vienna Agreement).

This seco
revised.

The main

— addedl informative mappingannexes to relevant regulatory requirements;

— clarifi

— clarif

d edition cancels and replaces the first edition (ISO 18562-4:2017), which has been t¢chnically

changes are as follows:

led terms and definitions used in the document;

ied the stepwise test procedure;

— requifred determination of volume of condensate that can reach the patient; and

— required‘calculating resulting exposure dose.

Alist of all parts in the ISO 18562 series can be found on the ISO website.

Any feedback or questions on this document should be directed to the user’s national standards body. A

complete

listing of these bodies can be found at www.iso.org/members.html.
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Introduction

This document is intended to protect patients connected to medical devices from harmful amounts of
substances that might be dissolved in water that has condensed in the gas pathways of those medical devices.
This document represents the application of the best-known science by addressing the risks from potentially
hazardous substances in the condensate being conveyed to the patient by the gas pathway. The condensate
itself will be distilled water, having condensed from the vapour phase. But substances from within the
medical device could leach into the liquid water (condensate) present in the breathing system.

This document is intended to cover the biological evaluation of gas pathways of medical devices within a
risk management process, as part of the overall medical device evaluation and development. This approach
combines i i isti i

and appli¢ation of additional tests.

In general, the ISO 10993 series is intended to cover the biological evaluation of medical dévices.
the ISO 1
devices.

Itis notw
gases ent
within th
generated

This docu
forming i
that coulg
managem
condensa
route sho
the liquid

The meth
This docu

In this do

the E
GRRH

the L
indic
the e
indic

the g
(EU)

e medical device itself. This contamination might be from the original manufacturing |

993 series does not appropriately address the biological evaluation of the gas pathways

ithin the scope of this document to address contamination arising from,thesource of the
ering such medical devices, but rather only address the potential centamination gener

by the medical device itself during use.

h the medical device and then subsequently reaching the)patient. Potentially harmful s
| be found in condensate include organic compounds-and elements (such as metals). C
ent is part of most healthcare institution protocéls; with the primary aim of preve
Le reaching the patient in the first place. The absglute volume of liquid reaching a patie
11d therefore be low, but it might happen. This document outlines tests for substances co

pds to determine the acceptable levels of.contamination are contained in ISO 18562-1.
ment has been prepared in consideration of:

ssential Principles of Safety and ‘Performance of Medical Devices and IVD Medical Device
WG/N47:2018[16] as indicatéd in Annex B;

belling Principles for Medical Devices and IVD Medical Devices, IMDRF/GRRP WG/N52:2
hted in Annex B;

bsential principleS-of safety and performance of a medical device according to ISO 161424
hited in Annex €; and

eneral safety and performance requirements of a medical device according to i
0017/ 745H3],

cument, the following verbal forms are used:

selection

However,
pbf medical

breathing
hted from
brocess or

ment is concerned with substances that could be conveyéd to the patient by liquid c¢ndensate

Ibstances
ndensate
nting the
nt by this
ntained in

, IMDRF/

019[17] as

1:2016 as

egulation

“shall” indicates a requirement;

“should” indicates a recommendation;

“may” indicates a permission;

"Can"

indicates a possibility or capability.

© IS0 2024 - All rights reserved
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Biocompatibility evaluation of breathing gas pathways in
healthcare applications —

Part 4
Tests

for leachables in condensate

1 Scop

This document specifies tests for substances leached by liquid water condensing in gas pathways of

device, its
respirato
documen
into the @
and quar
ISO 18567

This docy
deliver bn

This docu
the effect

This document does not address biological evaluation gfthe surfaces of gas pathways that have dire|

with the

Medical d

oxygen c
heat and
personal
Y-pieces 4
incubatorn
and are a

This docu
while med

EXAMPLE
(including
medical g4

e

parts or accessories, which are intended to provide respiratory care or supply substang
'y tract to a patient in all environments. The chemical characterization méthods descril
apply to chemical substances that could leach from the medical device, its parts or a
ondensate. This document establishes verifiable acceptance criteria for these tests. Th
tity of each chemical released is intended for toxicological, risk assessment as deg
-1:2024.

ment addresses potential contamination of the gas streafm)arising from the gas pathwe
eathing gas to the patient.

ment applies over the expected lifetime of the medical device in normal use and takes inf
5 of any intended processing.

atient. The requirements for direct contact'surfaces are found in the ISO 10993 series.

moisture exchangers, respiratory gas monitors, respiration monitors, masks, medical r¢
protective equipment, meuth pieces, resuscitators, breathing tubes, breathing syste
nd any breathing accessories intended to be used with such devices. The enclosed cha
including the mattress,.and the inner surface of an oxygen hood are considered to be gas
so addressed by thisydocument.

ment does nof address contamination already present in the gas supplied from the g4

[ical devices ate in normal use.

the non-return valves in the pipeline outlets), outlets of pressure regulators connected or in
s cylinder, or room air taken into the medical device.

a medical
es via the
ed in this
ccessories
e identity
cribed in

ys, which

0 account

ct contact

bvices, parts or accessories containing gas pathways that are addressed by this document include,
but are rlot limited to, ventilators, anaesthésia workstations (including gas mixers), breathing
nserving devices, oxygen concénttrators, nebulizers, low-pressure hose assemblies, humidifiers,

systems,

spiratory

s filters,
ber of an
pathways

S sources

Contamination arriving at the medical device from gas sources such as medical gas pipelie systems

fegral to a

This document does not address contact with drugs or anaesthetic agents. If a medical device or accessory is
intended to be used with anaesthetic agents or drugs, then additional testing can be required. This document
is intended to quantify hazardous water-soluble substances that are leached from the medical device, its
parts or accessories by condensate and then conveyed by that liquid to the patient.

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.

© IS0 2024 - All rights reserved
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ISO 10993-1:2018, Biological evaluation of medical devices — Part 1: Evaluation and testing within a risk
management process

ISO 10993-5:2009, Biological evaluation of medical devices — Part 5: Tests for in vitro cytotoxicity

[SO 10993-10:2021, Biological evaluation of medical devices — Part 10: Tests for skin sensitization

[SO 10993-12:2021, Biological evaluation of medical devices — Part 12: Sample preparation and reference

materials

[SO 10993-18:2020+AMD1:2022, Biological evaluation of medical devices — Part 18: Chemical characterization
of materials within a risk management process

ISO 10993

ISO 1856
Evaluatio

ICH Q3D(

3 Tern

For the p
apply.

ISO and I1

— IS0 Opline browsing platform: available at https://www.is0:0tg/obp

— IEC E]ectropedia: available at https://www.electropedidg:org/

NOTE For convenience, an alphabetized index of all défined terms and their sources used in this dog
given in Afinex D.

31

exaggerelted extraction

extractiop thatis intended to resultin a greater amount of a chemical constituent being released as
to the ampunt generated under the simulated conditions of use

Note 1 to ¢ntry: It is important to ensurve that the exaggerated extraction does not result in a chemical ch:
material.

[SOURCE:|1SO 10993-12:2021,3.3]

3.2

extractable

substancg that is&eleased from a medical device or material of construction when the medical
material is extraeted using laboratory extraction conditions and vehicles

[SOURCE:1SO 10993-18:2020+AMD1:2022, 3.16]

[aYa T aVaVa¥| o . - L Ll . D fa¥al {aal L - . Ll
=2372021; Brotogicat evatuationof medicat devices— Puart 23— fests forirritation

-1:2024, Biocompatibility evaluation of breathing gas pathways in healthcare applications
1 and testing within a risk management process

R2):2022,Y Guideline for elemental impurities

ns and definitions

irposes of this document, the terms and definitions given in ISO*18562-1:2024 and the

C maintain terminology databases for use in standardization at the following addresses

— Part 1:

following

ument are

compared

inge of the

device or

4 General principles

All gas pathways that are exposed to water or that are exposed to humidified gas, and within which water
vapour can condense and subsequently reach the patient in liquid form shall be evaluated using the principles
detailed in ISO 18562-1:2024.

NOTE

Some parts of the expiratory gas pathways can allow condensed water to settle, and subsequently flow
under gravity back towards the patient.

1) Available at: https://database.ich.org/sites/default/files/Q3D-R2 Guideline Step4 2022 0308.pdf

© IS0 2024 - All rights reserved
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5 Leachables in condensate

5.1 Identifying applicable gas pathway surfaces

a) A medical device, its parts or accessories shall not add leachables to the condensate at levels that create
an unacceptable risk to the patient.

b) All gas pathways of medical devices or accessories in normal use and normal condition shall be evaluated
for leachables in condensate, where

1y

c¢) Contdiners for water (e.g. water tanks) where that watéb in liquid form can reach the gas pat
then feach the patient shall be evaluated for leachablés:in the water.

5.2 Determining if testing is required
a) The ¢gvaluation shall use the risk managemeént process to assess if testing is required.

b) Sectipns of the gas pathway from whichithe patient cannot be exposed to condensate need not

EXAMPLE An exhaust gas pathway separated by a check valve preventing backflow of conden
patiert.

1y

c) If thg medical deyice/part or accessory is identical or sufficiently similar in formulation,
manyfacturing processes or application processes, packaging and any subsequent process|
existing medi¢al ‘device with the same intended use and worst case clinically relevant cond
evaluption.may conclude that no further testing is required. Refer to ISO 18562-1:2024, Fig
ISO 1P993-18:2020+AMD1:2022, C.2.

gas in the gas pathway can reach 100 % saturation with water at some point in the gas pathway,

cprdensate-canform-on-orflow-alonsthe-gassvathwa~surfaces—aned
H-6H-0+116¥W—r &5 A

a.
pPrrocrroote-corroTT T IO oIc Yy 14 1T y—ooatrractoortr

—t

hat liquid condensate can reach the patient.

=

OTE 1 Some parts of the expiratory gas pathways can allow condensed water to
ibsequently flow under gravity back towards the patient.

%]

NOTE 2 Condensate, which in itself is water, can form in gas pathways and-can take the for
dirops or a film of water on the gas pathway walls. This liquid water can extract substances from th
f the walls that would not be extracted by the breathing gas alone. If this\liquid condensate cay
ntient, it could potentially convey harmful substances to the patient.

)
b
Reasonably foreseeable use errors that can affect condensate, reaching the patient shou
cpnsidered one use error at a time.

NOTE 3 Reasonably foreseeable use errors can includelincorrect equipment set up.

Tihe rationale for excluding gas pathways where the patient cannot be exposed to conden
ble documented in thé&report.

ettle, and

m of liquid
b materials
reach the

d also be

hway and

be tested.

ate to the

sate shall

beometry,
ng to an
itions, an
ire 2 and

NOTET Manufacturing and application processes Imclude hygienic processing (1.€., cleaning/disinfection/
sterilization either prior to use or between uses).

1) Any differences between the medical device part or accessory and existing medical device part or

accessory

i) shall be documented in the report, with

© IS0 2024 - All rights reserved

3


https://standardsiso.com/api/?name=18aa2d73074104c55b99664f435e6284

d)

e)

5.3 Tesgt methods

5.3.1 General

The cond¢nsate evaluation of gas pathways shall include

a)

b)

EXAMPLE 2

NOTE 2

establlishing the worst-case clinically relevant maximum volume of condensate that can be co
the pgtient.

NOTE|1 There is guidance and rationale for this list item contained ificClause A.2.

1) This shall be done by one of the following:

ISO 18562-4:2024(en)

ii) arationale provided in the report for why the changes do not negatively impact the condensate

volume and leachable profile.

If the medical device under evaluation has already been evaluated as an external communicating medical
device with contact to tissue/bone/dentin in accordance with ISO 10993-1:2018, then the tests in 5.3
need not be performed.

A tracheal tube, because of its direct contact with the patient, is evaluated utilizing ISO 10993-1.
In this case, the tests of this document are not required.

Some authorities having jurisdiction might require the tests of 5.3 if the medical device is intended for
use on particularly vulnerable patient populations, such as neonates.

i] experimentally determining in normal use and hormal condition under worst-case
relevant parameters (e.g., temperature, gas flowrate, etc.) the volume of condensatg
the patient; or

[) Normal use shall include reasonably foreseeable use errors that contribute to c

or incorrect equipment set up)-

=

OTE 2 Normal use assumes.the implementation of specific measures described in the ir
r use intended to avoid or reduce. patient exposure to condensate. The worst-case amount of ¢
I:at can be formed and reach-the patient from simultaneous use errors is not relevant. A lower y
en be justified for the toxicological risk assessment.

=+ & =

I1) All reasonably foreseeable use errors shall be documented in the report with the g
condensatevolumes generated.

I1I) If thesexperimentally determined volume of condensate reaching the patient e
thatno more than 0,1 ml in 24 h reaches the patient under worst case clinical ¢
then no further testing is required.

IV} The experimental methods shall be justified in the report.

Ifh Ly | n e - el . - - - R | b b £ 12 1 111 d
t e[rsK ATty Crreric proccss UTLTCTHIITICS LIIdU LTS ULHIZ 15 TTYUITTU, LIIT LTSS Ul OU. o SIIdIT DT PTl rormed.

hveyed to

clinically
reaching

ndensate

reaching the patient, one use errép at a time (e.g., selection of incorrect settings for a patient

structions
ondensate
olume can

espective

stablishes
bnditions,

OUTE S5 breathing gas pathways are systems that commonly 1nclude multiple medical a

evices and

accessories, often from different manufacturers. The subject medical device or accessory needs to be evaluated
in its intended use as part of a system and might not be the part that determines the volume of condensate

forming and being delivered to the patient.
ii) by justified arguments in the report.

NOTE 4 Some authorities having jurisdiction can require experimental testing.

the chemical characterization of the leachables in the condensate.

¢) performing a toxicological risk assessment on the leachables in condensate with respect to systemic

effects.

© IS0 2024 - All rights reserved
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d)

5.3.2 Smele collection

a)

b)

d)

ISO 18562-4:2024(en)

NOTE5  For guidance on which effects (endpoints) are covered in a toxicological risk assessment, see Annex A of
ISO 10993-1:2018.

NOTE 6  Concerns regarding materials mediated pyrogenicity can be addressed by using well known materials
for which a pyrogenic effect is not expected.

condensate testing of the leachables with respect to the following local endpoints:
1) cytotoxicity;
2) sensitization; and

3) irritation.

The duration of sample collection shall be justified and documented in the report based on worst-case
clinicplly relevant patient exposure in normal use.

If a medical device is intended to be used repeatedly for long-term duration, the extraction profocol shall
be adequate to assess the impact from repeated use (over the expected lifetinte)-

NOTE|1  Some authorities having jurisdiction can require aqueous exhaustiveiextraction for prolongefl and long-
term ¢xposure medical devices or accessories.

For chemical characterization, the sample shall be collected by:

1) producing and collecting condensate under worst-case glintically relevant conditions; or
i] the worst-case clinically relevant conditions shall be justified by rationale, and

i) the rationale shall be documented in the report.

2) plerforming an aqueous extraction on the gas'contact surface materials using exaggerated extraction

p
(¢.g., higher temperature or longer duration).
N
t

OTE 2 Some authorities having_jurisdiction can require exaggerated extraction to inclyide higher
bmperature and longer duration relative to clinical use conditions.

i] If performing the exaggerated extraction on just the gas contact surface is not technically
feasible, the extraction may be performed on the medical device or component as a whole,

if) When the exaggefated extraction is performed on the medical device or component af a whole,
the calculated surface area shall be limited to the gas contact surface area.

The spmple collection/shall facilitate the determination of the worst-case exposure dose (in on¢ day).
1) The worst-case exposure dose shall be justified by rationale.

NOTE 3 There is guidance and rationale for this list item contained in Clause A.2.

2) Thexationale shall be documented in the report

For biological testing for irritation and sensitization, the sample shall be collected by performing a water
extraction on the internal gas contact surfaces identified in 5.1 b), in accordance with ISO 10993-12:2021,
Clause 10.

NOTE4  There is guidance or rationale for this list item contained in Clause A.2.

1) Saline extraction shall not be used.

© IS0 2024 - All rights reserved
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)

g)

h)

5.3.3 Chemical characterization of leachables in condensate

b)

ISO 18562-4:2024(en)

2) If performing the exaggerated extraction on just the gas contact surface is not technically feasible,
the extraction may be performed on the medical device or accessory as a whole.

For biological testing for cytotoxicity on the medical device or accessory itself, the sample shall be
collected by performing an extraction in cell culture medium or water on the internal gas contact
surfaces in accordance with ISO 10993-5:2009, 4.2.

1) If performing the exaggerated extraction on just the gas contact surface is not technically feasible,
the extraction may be performed on the medical device or accessory as a whole.

2) Where cytotoxicity testing is conducted on a water extract of components including exposed
metallic parts, the concentration of the cell culture medium shall be corrected to account for
dilution (e.g., use of 10X MEM solutions).

OTE 5 There is guidance and rationale for this list item contained in Clause A.2.
OTE 6 Some authorities having jurisdiction require that the extraction is performedvith gell culture
edium.

For bjological testing for cytotoxicity on the condensate, the sample collection goniditions shall represent
worsf-case clinically relevant conditions including temperature and durationof contact.

This focument is not intended to be prescriptive in the selection of miedical device configuration, test
methpds or the conditions used to produce the sample. Choices shall be justified and documented in the
repoit.

Identjfy and quantify in the condensate or extract,

1) organic leachable substances, using appropriate analytical techniques such as

—

] gas chromatography-mass spectrometry~(GC/MS); or
if) liquid chromatography - mass spectrometry (LC/MS).
2) elemental (e.g. metal ions) leachable-substances, using appropriate analytical techniques sfich as
i] inductively coupled plasma/mass spectroscopy (ICP-MS); or

if) inductively coupled plasma atomic emission spectroscopy (ICP-AES); or

iili) a combination of IEP-MS and ICP-AES.

NOTE 1 Elemental leachables are sometimes referred to as inorganic leachables.
NOTE 2 [SO 10993-18 extensively covers chemical characterisation of medical device extragts.

For all analytical chemistry testing methods used, the analytical sensitivity of the testing apprpach shall
be jujtified'and documented in the report.

NOTE 3  Analytical sensitivity can be determined by a combination of the [imit of quantification and a reporting
threshold such as by using analytical evaluation threshold (AET) according to ISO 10993-18.

1) The analytical approaches used shall be sensitive enough to permit identification and quantification
of chemical constituents that could present a toxicological risk, including both expected and
unexpected leachables.

© IS0 2024 - All rights reserved
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2) Ifthe methods are inadequate to address the cohorts of concern chemicals, these shall be addressed

S

eparately.

c) If it is required to achieve detection of concentrations at the limits specified, enrich the organic

impu
1) s
2) s

rities in the condensate or extract using established methods, such as
tir bar sorptive extraction,

olid phase microextraction,

3) liquid-liquid extraction or

4) ademonstrably equivalent method.

5.3.4 Chalculation of tolerable exposure
a) The dssignment of the route of exposure (inhalation or oral) for the medical device shall be justified in
the re¢port.

b) Foro

Fganic leachables, establish a tolerable intake, in accordance with ISO 18562-1:2024.

1) This may also require the application of the threshold of toxicological(concern concept, as

in ICH M7:2023-09[141,

described

c¢) Estallish which of the identified elemental extractables require risk‘assessment in accordancg with ICH
Q3D(R2):2022, [13] Table 5.1.

NOTE|1  Some authorities having jurisdiction can require review.of additional medical device-specific elements
(e.g. npanufacturing contaminants) not listed in ICH Q3D(R2):2022, Table 5.1.

d) For elements requiring risk assessment in accordanceswith ICH Q3D(R2):2022, Table A.2.1, estpblish the

permijitted daily exposure with respect to:

1) iphalation; or

2) al.
NOTE 2 Some authorities havihg jurisdiction can require review of additional limits for patient
pppulations not listed in ICH Q3B(R2):2022, Table A.2.1.

5.3.5 Chlculation of exposure dose estimate

a) Perfom an evaluation ofthe leachables using the methods of ISO 18562-1:2024, Clause 8.

b) To estimate the expesure dose to the patient, convert the concentration of each substance to a fotal dose
per pgitient per daybased on the condensate volume as established in 5.3.1 and assume the totall quantity
is rel¢ased eachyday.

NOTE [fthe volume of the condensate that can reach the patient cannot be established, the worst-case
condifign.is that all detected substances reach the patient.

5.3.6 Risk assessment

a) Confirm if the exposure dose of each identified substance delivered to the patient in the established
amount of condensate or extract is less than the chemical-specific tolerable exposure.

1) If no chemical-specific toxicity data is available, use the threshold of toxicological concern derived
from the method of ISO 18562-1:2024, 8.1 ¢).

NOTE The route of exposure can be into the lung or by oral ingestion. A medical device connected to the
patient by a tube into the trachea is exposed by inhalation whereas if the medical device is connected via a
mask or a tube into the nose, the exposure is via oral ingestion (the condensate is swallowed).

© IS0 2024 - All rights reserved
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If the exposure dose of an identified substance delivered to the patient is more than the tolerable intake or
threshold of toxicological concern, calculate a margin of safety (MoS), where the margin of safety equals
the tolerable intake divided by the exposure dose.

1) Consider whether the risks indicated by such margin of safety values (i.e. <1) can be addressed.

2) Conduct a benefit-risk analysis utilizing ISO 18562-1:2024, Clause 10.

5.3.7 Biological evaluation according to ISO 10993 standards

a)

b)

d)

f)

Gas pathways that have potential to convey leachables in condensate to the patient may be evaluated
as externally communicating in contact with tissue/bone/dentin in accordance with ISO 10993-1:2018

1 esnecttoeuvaluation aof condencates
with pespecttoevaluationof condensates.

The ¢hemical characterization and toxicological risk assessment [see 5.3.1 c)] are used tp address
systemic effects (e.g., acute, subacute, subchronic and chronic systemic toxicity), genotoxicity, and
carcihogenicity. However, this evaluation method is not appropriate to address local endpoints, such as
cytotpxicity, sensitization, and irritation, and can be inconclusive for systemic effects.

NOTE|1  An aqueous extraction is sufficient since this document does not address contact with drugs or
anaesfhetic agents.

NOTE|2 Concernsregarding materials mediated pyrogenicity can be addresséd by using well known materials
for which a pyrogenic effect is not expected.

1) Hor complex medical devices made of many different compg@nents, simulated-use extractiops may be
used. See ISO 10993-12:2021, 10.3.1.

If thg risk management process determines that testing\is required, perform a cytotoxicity test in
accordance with ISO 10993-5:2009.

NOTE|3  There is guidance or rationale for this list item contained in Clause A.2.
NOTE|[4  Some authorities having jurisdiction canyrequire extraction with cell cure media.

If thg risk management process determines that testing is required, perform a sensitizatipn test in
accordance with [SO 10993-10:2021.

NOTE|5 There is guidance or ratienale for this list item contained in Clause A.2.

NOTE|6  The local lymph nodej assay (LLNA) is not accepted by some authorities having jurisdidtion as an
appropriate method. Refer to Reference [21] for more information on the limitations of LLNA.

If the risk management process determines that testing is required, perform an irritatign test in
accordance with I1S@,_10993-23:2021.

NOTE|7  Thepeds guidance or rationale for this list item contained in Clause A.2.

NOTE|8 |, Thereconstructed human epidermis (RhE) assay is notaccepted by some authorities having furisdiction
as an ppprepriate method.

Where the use of biological test methods is appropriate, testing shall be in accordance with ISO 10993-1
(see I1SO 18562-1:2024, 4.5 Note 1) using sample preparation in accordance with ISO 10993-12 or be
otherwise justified in the report.

1) Biocompatibility endpoints not addressed by chemical characterization and toxicological risk
assessment shall be addressed in accordance with ISO 10993-1:2018 (see 1SO 18562-1:2024, 4.5
Note 1) using sample preparation in accordance with ISO 10993-12:2021.
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6 Reporting

a) The reporting shall include:

b)

1) a description of the medical device or accessory subject to evaluation (i.e., the sample or samples

2)

3)
4)

5)

6)
7)

8)
9)

tested);

the description and rationale for the test article including any differences between it and the final

medical device;

the sampling system components;

a description of the testing methods utilized for the chemical evaluations and their qualification

(¢-g-, calibration data or accreditation];

—

he testing results (e.g. which substances were detected and what were their.¢once
dTecluding areference to the subclauses which explain how the results were calculated;

—

rivation of the exposure dose estimates;

=

bsults;

o5}

Iny deviations from the procedures indicated in this standard;

—

he test parameters (e.g., flow rate, temperature, pressure, rud time duration);

10) ajny unusual features observed;

11) aldated reference to this standard (the standard used for the evaluation); and

12) the dates of the testing.

The dhemical evaluations report shall include descriptions and justifications in accordance wi

1y
2)
3)
4)

e

b0 10993-18:2020+AMD1:2022, 7 a) to 7g);

et

b0 10993-18:2020+AMD1:2022, F;

et

b0 10993-18:2020+AMD1:2022, G.2; and

P

b0 10993-18:2020+AMD1;2022, G.5.

The dhemical evaluationSteport shall clearly state the details and purpose of:

1y
2)

—

he test article in'accordance with ISO 10993-18:2020+AMD1:2022, G.3; and
the extract.preparation in accordance with ISO 10993-18:2020+AMD1:2022, G.4.

trations)

description and rationale of the testing methods utilized for the biological evaluation ard the test

Ith:
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Annex A
(informative)

Rationale and guidance

A.1 General guidance

This anne

are famil

jar with the subject of this document, but who have not participated in its develo

ment. An

understafding of the reasons for the main requirements is considered to be essential‘for its proper

applicatia
present r¢

A.2 Ra

The numbering of the following rationales corresponds to the numbering-ofclauses and subclaug

document

n. Furthermore, as clinical practice and technology change, it is believed that ration
bquirements will facilitate any revision of this document necessitated by those develop

fionale for particular clauses and subclauses

. The numbering is, therefore, not consecutive.

5.3.1|—General

In any assessment, the most important consideration is¢the actual exposure dose, which is calg
the concentrations multiplied by the liquid conidensate volume that the patient ingests

calcujations_te derive the exposure dose. The condensate enters the lungs or is swallowed. Thg
dose is therefore compared with derived limits for inhalation or oral ingestion.

le for the
nts.

es in this

ulated by
ber day.

reach the

breathing
at having
ent, not a

condition
a patient
e volume
olume of
espective
use error
sed in the
exposure

5.3.2|—Sample collection

d)

The following are examples of the appropriate considerations for determining the expo
reaching the patient.

If a medical device is only intended to be used on a patient for 20 min then the extraction durati

sure dose

onof24h

might not be representative of the leachables profile. However, a safety factor should be considered for

extraction durations less than 24 h.

If a medical device could be used multiple times in a 24 h period (with or without processing) then the

maximum likely cumulative use time should be considered as the extraction duration.
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If the medical device or accessory is single use and replaced consecutively, the 24 h exposu
reflect the number of medical devices or accessories used.

re should

The underlying principle remains, the determination of the worst-case dose of condensate reaching the

patient in one day.

e)

The extraction ratio of the gas pathway is typically 3 cm2/ml to 6 cm2/ml 0,1 g/ml to 0,2 g/ml as
described in ISO 10993-12. However, this is not always possible and in such a case extraction conditions
should be representative of the worst-case clinical conditions (e.g., gas pathway filled to capacity with

water).

example, a tube with a coating or a co-extruded tube could have different materials on(the
contdct surfaces from the materials forming the outer surfaces. In this case, grinding up
material to perform the extraction will not give results representative of an intact tube:

Car(:.;hould be taken 1f the bulk material of the walls of the gas pathway are non-homoger

Also,
surfa
typic
great|
resul

be aware that with some materials, fresh cut surfaces can have different)properties
Ces resulting from the actual manufacturing process. For example, extruded foamed
hlly have a closed film surface, while the inner bulk material has a foam structure wit
er surface area. These two different physical forms of the same material may well give
's when a typical extraction is performed.

authorities having jurisdiction recommend exhaustive extraction for prolonged and
ure medical devices.

Some)
expos

N2

The t
The ¢xtraction of substances from the medical device is thus by pure water, which is an
extraktion solution. To minimize dilution of the water extract, a concentrated MEM solution is
to be|used. By using a 10 x or 20 x MEM solutien the dilution is kept below 10 % compared

MEM]|solution for the extraction.
5.3.7|—Biological evaluation accordingto ISO 10993 standards

and e)

ically, a medical device-with a breathing gas pathway, which exposed a patient to lea
cond¢nsate, was evaluated.as“externally communicating with contact to tissue/bone/denti
[SO 1P993-1. As such, the medical device was evaluated for a range of biological effects, incl
and sfystemic endpoints:The tolerable intake and threshold of toxicological concern methodolog
used [to address systemic toxicity (e.g. acute, subacute, subchronic, and chronic toxicity), ge
and cprcinogenicity:

Cytotoxicity testing has been retained, as these tests are very sensitive and serve as a screeni
local pffects:

i

eous. For
inner gas
the bulk

from the
materials
h a much
different

ong-term

jssue contact by condensates from the gas pathways is generated by condensation of water vapor.

adequate
required
[0 using a

rhables in
utilizing
ing local
ies can be
hotoxicity

hg test for

toxicological concern methodologies are not currently considered to be adequately predictive.
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Annex B
(informative)

Reference to the IMDREF essential principles and labelling guidances

This document has been prepared to support the essential principles of safety and performance of gas
pathways as components of medical devices according to International Medical Device Regulators Forum
(IMDRF). This document is intended to be acceptable for conformity assessment purposes.

Conformi
principles
means ar
of IMDRHK
labelling j

NOTE 1

Taple B.1 — Correspondence between this document and the IMDRF essential principlles

Ly with this document provides one means of demonstrating conformity with the specifif essential
of IMDRF/GRRP WG/N47:2018[16] and labelling principles IMDRF/GRRP WG/N52:2019|171. Other
e possible. Table B.1 maps the clauses and subclauses of this document with theessential|principles

GRRP WG/ N47:2018. Table B.2 maps the clauses and subclauses of thisyd6cument] with the
principles of IMDRF/GRRP WG/N52:2019.

When an essential principle does not appear in Table B.1, it means that it is not\addressed by this|document.

Essential principle of Corresponding clause(s)/ Qualifying remarks/llotes
IMDRF/GRRP WG/N47:2018[16] subclause(s) of this document

5.3.1a) Clause 4, Clause 5, Clause 6 Only the partrelating to toxjcity and
biocompatibility of condensgtes from
the gas pathways is address¢d.

5.3.1f) Clause 4, Clause 5, Clause 6 Only condensates from the gas path-
ways are covered.

5.3.2 Clause 4, Clause.5,Clause 6 Only condensates from the das path-
ways are covered.

5.3.3 Clause 4, Clause 5, Clause 6 Only condensates from the gas path-
ways are covered.

6.1.1 Clause?, Clause 5, Clause 6 Only condensates from the gas path-
ways are covered.

6.1.2 Clause 4, Clause 5, Clause 6 Only condensates from the gas path-
ways are covered.

NOTE 2 |When a labelling prificiple does not appear in Table B.2, it means that it is not addressed by this flocument.
Table B.2 — Corréspondence between this document and the IMDRF labelling princiqles
Lapelling principles of Corresponding clause(s)/sub- Qualifying remarks/ Notes

IMDRF/GRRP,WG/N52:2019[17] clause(s) of this document
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Annex C
(informative)

Reference to the essential principles

This document has been prepared to support the essential principles of safety and performance of gas
pathways as components of medical devices according to ISO 16142-1:2016. This document is intended to be
acceptable for conformity assessment purposes.

Conformi
principles
document

NOTE 1

Ly with this document provides one means of demonstrating conformity with the specifi
of ISO 16142-1:2016. Other means are possible. Table C.1 maps the clauses and subclau
with the essential principles of ISO 16142-1:2016.

When an essential principle does not appear in Table C.1, it means that it is not addressed by this

Table C.1 — Correspondence between this document and the essential principles

C essential
bes of this

document.

Essential principle of
[SO 16142-1:2016

Corresponding clause(s)/
subclause(s) of this document

Qualifying remarks/notes

8.1a) Clause 4, Clause 5, Clause 6 Only the partrelating to toxi¢ity of con-
densates from gas pathways is pddressed.

8.1b) Clause 4, Clause 5, Clause 6 Only the compatibility of condensates
from the gas pathways is coyered.

8.2 Clause 4, Clause 5, Clause'6 Only condensates from gas|pathways
is covered.

8.4 Clause 4, Clause 5, Glause 6 Only condensates from gas|pathways
is covered.

8.5 Clause 4, Clatise 5, Clause 6 Only condensates from gas|pathways

is covered.

© IS0 2024 - All rights reserved

13


https://standardsiso.com/api/?name=18aa2d73074104c55b99664f435e6284

	Foreword 
	Introduction 
	1 Scope 
	2 Normative references 
	3 Terms and definitions 
	4 General principles 
	5 Leachables in condensate 
	5.1 Identifying applicable gas pathway surfaces 
	5.2 Determining if testing is required 
	5.3 Test methods 
	5.3.1 General 
	5.3.2 Sample collection 
	5.3.3 Chemical characterization of leachables in condensate 
	5.3.4 Calculation of tolerable exposure 
	5.3.5 Calculation of exposure dose estimate 
	5.3.6 Risk assessment 
	5.3.7 Biological evaluation according to ISO 10993 standards 


	6 Reporting 
	Annex A (informative)  Rationale and guidance 
	Annex B (informative)  Reference to the IMDRF essential principles and labelling guidances 
	Annex C (informative)  Reference to the essential principles 
	Annex D (informative)  Terminology — Alphabetized index of defined terms 
	Bibliography 

