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Foreword

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

ISO collaborates closely with the International Electrotechnical Commission (IEC) on all
electrotechnical standardization.

matters of

The
des
diffi
edif

procedures used to develop this document and those intended for its further maint
cribed in the ISO/IEC Directives, Part 1. In particular, the different approval criteriamee
brent types of ISO documents should be noted. This document was drafted in accordan
orial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Atte
pat
any
on 4

bntion is drawn to the possibility that some of the elements of this documend may be the
ent rights. ISO shall not be held responsible for identifying any or all suchpatent rightg
patent rights identified during the development of the document will.be'in the Introduct
he ISO list of patent declarations received (see www.iso.org/patents)-

Any
con

trade name used in this document is information given for the,eonvenience of users ar
Stitute an endorsement.

For[an explanation of the voluntary nature of standardsyithe meaning of ISO specific
expressions related to conformity assessment, as wellras information about ISO's ad
thwe/L\VNorld Trade Organization (WTO) principles in, the Technical Barriers to Trade
wwlw.iso.org/iso/foreword.html.

Thif document was prepared by Technical Commiittee ISO/TC 121, Anaesthetic and respiratory)
Subjcommittee SC 3, Respiratory devices and related equipment used for patient care, in collabo
the|European Committee for Standardization (CEN) Technical Committee CEN/TC 215, Resp
andesthetic equipment, in accordance with the Agreement on technical cooperation betwe
CEN (Vienna Agreement).

This second edition cancels ahd ‘replaces the first edition (ISO 10651-4:2002), which
technically revised.

Theg main changes are asfellows:

clarified scope to.ificlude flow-inflating bag and self-inflating bag resuscitators and als
that the requitéments include specified accessories;

updated-normative references and defined terms;

specified test conditions;

enance are

ded for the
e with the

 subject of
. Details of
ion and/or

d does not

terms and
herence to
[TBT), see

equipment,
Fation with
iratory and
en [SO and

has been

b indicated

specified calculation and disclosure of measurement uncertainty;

harmonized storage and operating environmental conditions;

added requirements for shelf-life and expected lifetime;

harmonized information supplied by the manufacturer with 1SO 20417 and ISO 15223-1;
added requirements for the oxygen inlet connector;

clarified ventilatory testing requirements;

clarified delivered oxygen concentration performance requirements;

added processing requirements;
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— added biocompatibility requirements; and
— added usability requirements.
Alist of all parts in the ISO 10651 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

In this document, the conjunctive “or” is used as an “inclusive or” so a statement is true if any
combination of the conditions is true.

In this document, the following print types are used:

requirements and definitions: roman type;

terms defined in this document: italic type;

Int

if is done to support automated requitements tracking.

informative material appearing outside of tables, such as notes, examples and references
type. Normative text of tables is also in a smaller type.

his document, the following verbal forms are used:

“shall” indicates a requirement;

“should” indicates a recommendation;

“may” indicates a permission;

"can” indicates a possibility or a capability;

"must" indicates an external constraint.

lex A contains rationale or guidance to some of the regliirements in this document.
lex B contains a guide to the marking and labelling. requirements in this document.
lex C contains a summary of the symbols reférenced in this document.

uirements in this document have been:decomposed so that each requirement is uniquely

in smaller

delineated.

© IS0 2023 - All rights reserved
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Lung ventilators —

Part 4:
Particular requirements for user-powered resuscitators

1

Thi
gro
Use

Example user-powered resuscitators include:

NOTI
env

Thi
the

me
fee

Thi
Thi

NOT

ExTimples of such accessories include face masks, PEEP valves, capnometric indicators, m
r

Scope

5 document specifies requirements for user-powered resuscitators intended forise W
1ps and which are intended to provide lung ventilation to patients whose breathing is i
-powered resuscitators are designated according to ideal body mass range.

self-inflating bag resuscitators intended to be squeezed by the usér’s hand and refilleg
recoil; and

E1 Self-inflating bag resuscitators are generally transit-operable’and can be used in a wi
ronmental and emergency situations.

from a medical gas source.

5 document is also applicable to those accessoriés:that are intended for use with resuscitd
characteristics of those accessories can affectthe safety of the user-powered resuscitator.

onomes, flow restrictors, filters, gas Trefill valves, oxygen gas mixers, connectors,
back devices, electronic sensors and,transmission of data to other equipment.

5 document is also applicable te point-of-use packaging.

5 document does not specify; the requirements for:

gas-powered emergency resuscitators, which are given in [SO 10651-5;
electrically-powered resuscitators;

gas powered/ré€suscitators for professional healthcare facilities; and
anaesthetic reservoir bags, which are given in 1ISO 5362.

E 24 'This document has been prepared to address the relevant essential principles!24] and

ith all age
nadequate.

by elastic

de range of

flow-inflating bag resuscitators intended to be squeezed by the user’s hand and refilledl by a flow

tors where

hAnometers,
electronic

labelling[23]

guid

arices of the International Medical Devices Regulators Forum (IMDRF) as indicated in Annex D.

NOTE 3

of ISO 16142-1:2016 as indicated in Annex E.

NOTE 4

requirements of European regulation (EU) 2017/745[23] as indicated in Annex F.

2

Normative references

This document has been prepared to address the relevant essential principles of safety and performance

This document has been prepared to address the relevant general safety and performance

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.

©IS
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ISO 5356-1:2015, Anaesthetic and respiratory equipment — Conical connectors — Part 1: Cones and

sockets

ISO 10993-1:2018, Biological evaluation of medical devices — Part 1: Evaluation and testing within a risk
management process

IS0 11195:2018, Gas mixers for medical use — Stand-alone gas mixers

ISO 14937:2009, Sterilization of health care products — General requirements for characterization of a
sterilizing agent and the development, validation and routine control of a sterilization process for medical

devices

[SO 14971:

ISO 17664
manufactu

ISO 17664
manufactu

ISO 18562
Part 1: Eva

[SO 20417:

SO 233281
to assess fil

[SO 23328
aspects

ISO 80369
Connectors

IEC 60068
primarily fi

[EC 62366
devices

IEC 62570:
resonance ¢

IEC Guide
electrotech

EN 13544-

2019, Medical devices — Application of risk management to medical devices

1:2021, Processing of health care products — Information to be provided by the medical de
rer for the processing of medical devices — Part 1: Critical and semi-critical medical‘devices

2:2021, Processing of health care products — Information to be provided by(the medical de
rer for the processing of medical devices — Part 2: Non-critical medical devicés

uation and testing within a risk management process
021, Medical devices — Information to be supplied by the mantifacturer

1:2003, Breathing system filters for anaesthetic and respiratory use — Part 1: Salt test met
tration performance

2:2002, Breathing system filters for anaesthetic;and respiratory use — Part 2: Non-filtra

-2:—,USmall-bore connectors for liquids-and gases in healthcare applications — Par
for breathing systems and driving gases.applications

-2-31:2008, Environmental testing~'=- Part 2-31: Tests — Test Ec: Rough handling sho
r equipment-type specimens

1:2015+AMD1:2020, Medicat-devices — Part 1: Application of usability engineering to meq

2014, Standard pragetice for marking medical devices and other items for safety in the magn
bnivironment

| 15:2021, Application of uncertainty of measurement to conformity assessment activities in
hical sector

P:2002+AMD1:2009, Respiratory therapy equipment - Part 2: Tubing and connectors

1:2017, Biocompatibility evaluation of breathing gas pathways in healthcare application}

vice

vice

hod

fion

¢ 2:

cks,

ical

etic

the

3 Term

S anda delinitions

For the purposes of this document, the following terms and definitions apply.

ISO and IEC maintain terminology databases for use in standardization at the following addresses:

NOTE

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

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

the end of this document.

1
2

Under preparation. Stage at the time of publication: ISO/DIS 80369-2:2021.

For convenience, an alphabetized index of terms and their sources used in this document is found at

© IS0 2023 - All rights reserved
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accessory
item, intended specifically by its manufacturer, to be used together with one or more medical devices to
specifically enable or assist those medical devices to be used in accordance with their intended use

Note 1 to entry: An accessory is typically a consumable or separate item for use with one or more medical devices.

Note 2 to entry: Some authorities having jurisdiction consider an accessory to be a medical device.

Note 3 to entry: Some authorities having jurisdiction have a different definition of accessory.

[SO

3.2
acc
infa
for

ord

Not

Not
desd

Not
aud

[SO
3.3
ain
pre

Not
styl

Not
proy

Not
insy
Not
is 1]
poir

IRCE- 1€ 20417-2021 2 11
T IO O T T A UE T, O T

T~

pmpanying information
rmation accompanying or marked on a medical device or accessory for the user ogrithose a
the installation, use, processing, maintenance, decommissioning and disposal*of the me
ccessory, particularly regarding safe use

1 to entry: The accompanying information shall be regarded as part of thesmedical device or acce

b 2 to entry: The accompanying information can consist of the label, imarking, instructions for u
ription, installation manual, quick reference guide, etc.

e 3 to entry: Accompanying information is not necessarily a wiitten or printed document but c

[JRCE: I1SO 20417:2021, 3.2, modified —deleted notes*4'to 7.]

vay pressure
bsure at the patient-connection port, relative'to ambient pressure unless otherwise specif

e 1 to entry: In addition to its direct reference, this term or its symbol P,

s, is only used, in context or by qualifi€ation, to designate this concept as a measured quantity.

b 2 to entry: The site(s) of actual measurement(s) may be anywhere in the ventilator breat
riding that the indicated valueis referenced to that at the patient-connection port.

e 3 to entry: This is the geheric term for this fundamental concept. Post-coordinated terms, for ex

iratory pressure and baseline airway pressure, are used in particular contexts.

easured, this term, along with its symbol, has become widely adopted as referencing the pre
t at which artificial ventilation equipment is connected to the patient's airway or to an airway

ist

bredthing gas.enhters the patient.

Notg¢ 5-to.entry: A pressure measured in the patient’s airway at a site other than at the patient-conne
refefred to in this document as a respiratory pressure

e final site,where a common and replicable pressure can be continuously monitored, convenig

tory, visual, or tactile materials and multiple media types (e.g“CD/DVD-ROM, USB stick, website}.

ccountable
lical device

5SOrY.

se, technical

uld involve

ied

displayed in varioys character

iing system,

ample, peak

b 4 to entry: Althéugh providing no explicit indication as to where along the patient's airway this pressure

Esure at the
device. This
ntly, before

ction port is

[SOURCE: ISO 19223:2019, 3.6.1 modified — deleted notes 6 and 7.]

3.4

atmospheric temperature and pressure
ATP
expressed at ambient atmospheric pressure and temperature

3.5

bag inlet valve
<self-inflating bag resuscitator> valve activated by the sub-atmospheric pressure in the compressible
unit of the resuscitator to refill the compressible unit with gas at ambient pressure

[SOURCE: ISO 4135:2022, 3.6.1.3.1, modified — added context.]

©IS
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3.6

bag refill valve

<self-inflating bag resuscitator> accessory valve activated by the sub-atmospheric pressure in the
compressible unit of the resuscitator to refill the compressible unit from a pressurized oxygen source

[SOURCE: ISO 4135:2022, 3.6.1.3.2, modified — added context and accessory, replaced 'gas’ with 'oxygen'
and deleted 'with no manual trigger'.]

3.7
BAP
quantity by which the baseline airway pressure is set to be positively offset from the ambient pressure

[SOURCE: ISO 19223:2019, 3.10.2, modified — deleted notes.]

3.8
biocompatibility
ability to b in contact with a living system without producing an unacceptable adverse-effect

Note 1 to enftry: Medical devices may produce some level of adverse effect, but that level maybe determined to be
acceptable When considering the benefits provided by the medical device.

[SOURCE: IISO 18562-1:2017, 3.2]

3.9
breathing|system filter
BSF
device int¢nded to reduce transmission of particulates, incliding microorganisms, in a breathing
system

[SOURCE: ISO 4135:2022, 3.6.1.5]

3.10
cleaning
removal of[contaminants to the extent necessary for further processing or for intended use

Note 1 to enptry: Cleaning consists of the removal, usually with detergent and water, of adherent soil (e.g. blpod,
protein subptances, and other debris) fromwthe surfaces, crevices, serrations, joints, and lumens of a medlical
device by a nanual or automated process that prepares the items for safe handling or further processing.

[SOURCE: ISO 17664-1:2021, 3.4

3.11
clearly legible
capable of peing read by(a person with normal vision

[SOURCE: ISO 20417:2021, 3.4]

3.12
compressible’unit
part of a user-powered resuscitator e.g. a bag or bellows that, when squeezed by the user, delivers a
volume of gas

[SOURCE: ISO 4135:2022, 3.4.1.11, modified —replaced 'compressed’ by 'squeezed']

3.13
delivered oxygen concentration
concentration of oxygen in the gas delivered to a patient

[SOURCE: ISO 4135:2022, 3.1.1.14, modified —deleted example.]

4 © IS0 2023 - All rights reserved
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3.14

disinfection

process to reduce the number of viable microorganisms to a level previously specified as being
appropriate for a defined purpose

[SOURCE: ISO 17664-1:2021, 3.3]

3.15

e-documentation

any form of electronically accessible information supplied by the manufacturer related to a medical device
or accessory

EXAMPLE CD/DVD-ROM, USB stick, website.
[SOPRCE: ISO 20417:2021, 3.6, modified —deleted note 1.]

3.16
essential principles

essential principles of safety and performance
funflamental high-level requirements that when complied with ensuré“a medical device |s safe and
performs as intended

[SOPURCE: 1SO 16142-1:2016, 3.3]

3.1Y
exhaust port
port of the medical equipment or device from which gastis-discharged to the atmosphere duiing normal
usefeither directly or via an anaesthetic gas scavengijig system

Not¢ 1 to entry: A resuscitator may have more than ongexhaust port.
[SOPRCE: I1SO 19223:2019, 3.14.2, modified —added note.]

3.18
expected lifetime
timp period specified by the manufacturer during which the medical device or accessory is gxpected to
remnjain safe and effective for use

Not¢ 1 to entry: The expected (ifetime can be affected by the stability.

Notg¢ 2 to entry: Mainterance, repairs or upgrades (e.g. safety or cybersecurity modifications) can be necessary
during the expected lifétime.

Notg 3 to entry: Some medical devices have an absolute lifetime (e.g. 5 years), whereas other medicall|devices (e.g.
softjvare) havearelative lifetime (e.g. the time between two major releases).

[SOPRCE:ISO 20417:2021, 3.7]

3.19
expiratory phase
interval from the start of expiratory flow to the start of inspiratory flow within a respiratory cycle

[SOURCE: IS0 19223:2019, 3.4.2, modified — deleted notes.]

3.20

forward leakage

volume of gas produced by the resuscitator during the inflation phase which does not pass through the
patient-connection port to the patient but passes to the atmosphere

© IS0 2023 - All rights reserved 5
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3.21

gas pathway
interior surfaces, over which gases or liquids that can be inspired, in a medical device bounded by the
ports through which gases or liquids enter and leave the medical device including the patient interface
or the interior surfaces of enclosures that are in contact with gases or liquids that can be inspired

Note 1 to entry: Patient contact surfaces such as the outer surfaces of a tracheal tube or the cushion of a mask are
evaluated according to the ISO 10993 series.

EXAMPLE 1
EXAMPLE 2,

The ventilator breathing system, inlet filter, gas mixer, blower and internal piping.

Sl o ratE

hqod.

EXAMPLE 3
[SOURCE: 1

3.22
harm
injury or d

[SOURCE: I

3.23
hazard
potential s

[SOURCE: 1

3.24
hazardou

el = o ol o rancliadio o Py rwtlhao dann o oo nfo £ o oo an
Enclosedchamberofanineubatorincludinsthe mattressorthe inner surfacesfaneaygenhs
The inner surfaces of breathing tubes, tracheal tubes or masks and mouthpieces.

SO 18562-1:2017, 3.5]

hmage to the health of people, or damage to property or the environment

SO 14971:2019, 3.3]

burce of harm

SO 14971:2019, 3.4]

b situation

circumstaice in which people, property or the environiment is/are exposed to one or more hazards

[SOURCE: 1

3.25
inflation

SO 14971:2019, 3.5, modified — deleted'note 1.]

hase

interval from the start of the rise in girway pressure resulting from the initiation of an inflation to

start of thq
[SOURCE: I

3.26
informati

expiratory flow resultingfrom its termination

SO 19223:2019, 3.4.10,,modified — deleted notes.]

supplied by-the manufacturer

n
informatiotl related _to~the identification and use of a medical device or accessory, in whatever f

provided, i

htendedto’ensure the safe and effective use of the medical device or accessory

Note 1 to e
manufactu

1?

tryé For the purposes of this document, e-documentation is included in information supplied by

rer:

the

Drm

the

Note 2 to entry: For the purposes of this document, shipping documents and promotional material are excluded
from information supplied by the manufacturer. However, some authorities having jurisdiction can consider such
supplemental information as information supplied by the manufacturer.

Note 3 to entry: The primary purpose of information supplied by the manufacturer is to identify the medical device
and its manufacturer, and provide essential information about its safety, performance, and appropriate use to the
user or other relevant persons.

[SOURCE: I

S0 20417:2021, 3.10, modified — deleted note 4.]

© IS0 2023 - All rights reserved
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3.27
inspiratory time

4

duration of an inflation phase or inspiratory phase

[SOURCE: 1SO 19223:2019, 3.4.8, modified — deleted notes.]

3.28
instructions for use

IFU

portion of the accompanying information that is essential for the safe and effective use of a medical

dev

Not
rele

Not
med

Not
accq

Not
are

[SO

3.2
int:
ope]

[SO

3.3
intd
use
infq

[SO

3.3
lab
<mé
pac

Not

Not

ce or accessory directed to the user of the medical device

e 1 to entry: For the purposes of this document, a user can be either a lay user or profession
vant specialized training.

e 2 to entry: For the purposes of this document, instructions for the professional proesessing betwz
ical device or accessory can be included in the instructions for use.

e 3 to entry: The instructions for use, or portions thereof, can be located onthe display of a medi
ssory.

e 4 to entry: Medical devices or accessories that can be used safely andeffectively without instrug
exempted from having instructions for use by some authorities haviag jurisdiction.

[JRCE: ISO 20417:2021, 3.11, modified —deleted note 53]

D

ke

ning through which gas or other material is dcawn by a sub-ambient pressure

URCE: 1SO 4135:2022, 3.1.4.27]

)

tnded use

for which a product, process or service is intended according to the specifications, instry

rmation provided by the manufacturer
URCE: ISO 14971:2019, 3:6}

|
J
dical device, a¢cessory> written, printed, or graphic information appearing on the item it
kaging of each-item or on the packaging of multiple items

e 1 to entrys For the purposes of this document, the term labelled is used to designate the corresp

e 2 to.entry: Label includes the marking on the medical device or accessory.

hl user with

en uses of a

tal device or

tions for use

Ictions and

self, on the

onding act.

Note 3 to entry: For the purposes of this document, information indicated on a graphical user inter

considered as appearing on the item.

[SOURCE: I1SO 20417:2021, 3.12, modified —deleted note 4.]

3.32
lung
each of the pair of compliant organs within the ribcage (thorax), bounded by the terminal bronchiole
and the visceral pleura, which during ventilation provide gas/blood interfaces that enable oxygen from

the

gas to pass into the blood and carbon dioxide to be removed

ace (GUI) is

Note 1 to entry: In specific reference to the pair of these organs, in this document the inflection ‘lungs’is used.
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Note 2 to entry: In accordance with what has become common practice in the absence of a more suitable term,
this term in its singular form is also used in this document to reference the connected, respiratory-gas containing
cavities within the respiratory system, consisting of the airway and the lungs. Examples of this common practice
in applications that are outside the scope of this document are: lung function; lung disease; lung compliance; lung
mechanics; test lung. Other established examples are lung ventilator; lung elastance; lung protective strategy.

Note 3 to entry: Although there are no such references in this document, if in the application of this document
a need arises to refer to just ‘one of the lungs’ then, in order to avoid any possible ambiguity, it should always be
identified as such, or as the ‘left lung’ or ‘right lung’.

[SOURCE: ISO 19223:2019, 3.1.16, modified —deleted note 4.]

3.33 ]1

manufactyrer
natural or Jegal person with responsibility for the design and/or manufacture of a medical device with
the intentipn of making the medical device available for use, under his name, whether ornot su¢h a
medical dgvice is designed and/or manufactured by that person himself or on his behalf by another
person(s)

Note 1 to eftry: The natural or legal person has ultimate legal responsibility for ensuxing compliance with all
applicable rpgulatory requirements for the medical device in the countries or jurisdictions where it is intenddd to
be made aviilable or sold, unless this responsibility is specifically imposed on anethét person by the Regulafory
Authority (RA) within that jurisdiction.

Note 2 to eptry: The manufacturer’s responsibilities are described in other/GHTF guidance documents. These
responsibilities include meeting both pre-market requirements and post-market requirements, such as advprse
event reporfing and notification of corrective actions.

Note 3 to entry: “Design and/or manufacture” may include specifi€ation development, production, fabrication,
assembly, pfocessing, packaging, repackaging, labelling, relabelling, sterilization, installation, or remanufactufring
of a medicalldevice; or putting a collection of devices, and possibly other products, together for a medical purgose.

Note 4 to enftry: Any person who assembles or adapts amedical device that has already been supplied by another
person for gn individual patient, in accordance with the-instructions for use, is not the manufacturer, provided the
assembly orj adaptation does not change the intendéd-use of the medical device.

Note 5 to eptry: Any person who changes the intended use of, or modifies, a medical device without acting on
behalf of th¢ original manufacturer and who'makes it available for use under his own name, should be consid¢red
the manufadturer of the modified medical'device.

Note 6 to dntry: An authorised p€presentative, distributor or importer who only adds its own address|and
contact detgils to the medical detige or the packaging, without covering or changing the existing labelling, i not
considered § manufacturer.

Note 7 to erftry: To the extent that an accessory is subject to the regulatory requirements of a medical devicef the
person resplonsible forthe design and/or manufacture of that accessory is considered to be a manufacturer.

[SOURCE: ISO 14971:2019, 3.9]

3.34
marking
information, in text or graphical format, durably affixed, printed, etched (or equivalent) to a medical
device or accessory

Note 1 to entry: For the purposes of this document, the term marked is used to designate the corresponding act.
Note 2 to entry: For the purposes of this document, marking is different from ‘direct marking’ as commonly
described in unique device identification (UDI) standards and regulations. A UDI ‘direct marking’ is a type of
marking.

[SOURCE: ISO 20417:2021, 3.16, modified —deleted note 3.]
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3.35

mask

device which provides a non-invasive interface between the patient’s airway and a patient-connection
port or other connection to a source of respirable gas

[SOURCE: ISO 4135:2022, 3.8.6.4]

3.36
maximum limited pressure

PLlM max
highest airway pressure that can occur during normal use or under single fault condition

Note 1 to entry: In addition to its direct reference as a requirement, this term is only used, in egntext or by
qualification, to designate this concept as a set quantity.

Not¢ 2 to entry: As with all unqualified airway pressures, this limited pressure is that at the patienf-connection
port and relative to ambient pressure.

Notg 3 to entry: As this is the highest-level precaution against excessive pressures being applied to the patient’s
airway this pressure limit is typically preset by the manufacturer but can be nrtade adjustable by th¢ responsible
orgqnization to a lower pressure level.

[SOPRCE: ISO 19223:2019, 3.13.3]

3.3y
multiple patient multiple use
<medical device, accessory> intended by the manufacturerto be reused on multiple patients fpr multiple
usep

Note¢ 1 to entry: A multiple patient multiple use medical'device or accessory typically requires processjng between
patients.

Note 2 to entry: A multiple patient multiple use medical device or accessory may require processing b¢tween uses
on g single patient.

[SOPRCE: ISO 20417:2021, 3.18]

3.38
norpinal
<vallue> value quoted for.reference purposes that is subject to agreed tolerances

[SOPRCE: IEC 60601-1:2005, 3.69, modified —deleted example.]

3.39
normal condition
congdition in‘which all means provided for protection against hazards are intact

[SOPREEXTEC 60601-1:2005, 3.70]

3.40
normal use

operation, including routine inspection and adjustments by any user, and stand-by, according to the
instructions for use or in accordance with generally accepted practice for those medical devices provided
without instructions for use

Note 1 to entry: Normal use should not be confused with intended use. while both include the concept of use as
intended by the manufacturer, intended use focuses on the medical purpose while normal use incorporates not
only the medical purpose, but maintenance, transport, etc. as well.

Note 2 to entry: Use error can occur in normal use.

Note 3 to entry: Medical devices that can be used safely without instructions for use are exempted from having
instructions for use by some authorities with jurisdiction.
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[SOURCE: IEC 62366-1:2015, 3.9, modified —deleted note 4.]

341
objective evidence
data supporting the existence or verity of something

Note 1 to entry: Objective evidence can be obtained through observation, measurement, test or by other means.
[SOURCE: ISO 14971:2019, 3.11]

3.42
patient
living being (person or animal) undergoing a medical, surgical or dental procedure

Note 1 to e]try: A patient can be a user.

[SOURCE: [EC 60601-1:2005, 3.76, modified — in the note, replaced ‘OPERATOR’ with ‘user.]

3.43
patient-connection port
port of a bijeathing system intended for connection to an airway device

Note 1 to enjtry: The patient-connection port is typically a connector suitable for¢connection to an airway device
such as a trgcheal tube, tracheostomy tube, a face mask, or a supralaryngeal airway.

Note 2 to erjtry: Current product standards typically specify that the patieént-connection port is required to e in
the form of & specific standardized connector(s), for example, a connector(s) conforming to ISO 5356-1.

[SOURCE: IISO 4135:2022, 3.1.4.41, modified — deleted notes-¥/4 and 5.]

3.44
patient vajve
valve in tHe breathing system that directs gas tathe patient-connection port during the inspirafory
phase and |nto the atmosphere during the expiratory phase

[SOURCE: IISO 4135:2022, 3.6.3.6]

3.45
PEEP
<actual anfl measured value> respiratory pressure at the end of an expiratory phase

Note 1 to enftry: In addition to itsdirect reference, this term or its acronym, is used in this document to desighate
this concepf as a measured qiantity. Without qualification, the quantity is always that at the patient-connedtion
portand relptive to ambient'pressure. When used as part of a post-coordinated term it may be attributed to ofher
measuremept sites or reference pressure levels. The term, in its acronym form only, is also an admitted ternp for
the designafion of the set value of the baseline airway-pressure level (which encompasses the setting for the ¢nd-
expiratory pressure);thereby acting as a synonym for BAP.

Note 2 to enftrys As a measured quantity, the qualification ‘positive’ is not strictly necessary but its use is reta
because it places—emphasis-onone-of-the—matnprrposes—tor-whichPFFP-is—used—thatis—retatnin :
minimum ‘positive’ pressure in the alveoli in order to guard against their collapse.

[SOURCE: ISO 19223:2019, 3.10.4, modified — deleted notes 3, 4, 5 and 6.]

3.46
primary operating function
function that involves user interaction that is related to the safety of the medical device

Note 1 to entry: Often a primary operating function is interacted with by a series of tasks that can be broken down
into a series of user interactions.

Note 2 to entry: The concept of safety includes loss or degradation of performance resulting in an unacceptable

risk to the patient, including use error that prevents the user from effectively using the medical device to achieve
its intended medical purpose. In IEC 60601-1, this is referred to as ‘essential performance’.
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[SOURCE: IEC 62366-1:2015, 3.11]

3.47
process
set of interrelated or interacting activities that use inputs to deliver an intended result

Note 1 to entry: Whether the “intended result” of a process is called output, product or service depends on the

context of the reference.

Note 2 to entry: Inputs to a process are generally the outputs of other processes and outputs of a
generally the inputs to other processes.

process are

Not¢ 3 to entry: Two or more interrelated and interacting processes in series can also be referred to-g
[SOPRCE: ISO 14971:2019, 3.14]

3.48
processing

S a process.

<prgparation of medical device, accessory> activity to prepare a new or used‘meédical device or accessory

for |ts intended use
[SOPRCE: I1SO 20417:2021, 3.20]

3.49
pr(1fessional healthcare facility
facility that is continually staffed by suitably trained healthcare professional users

Note¢ 1 to entry: A healthcare professional user is appropriately trained, knowledgeable, and skille
systlematic preventive, curative, promotional or rehabilitative healthcare services to families or com

[SOPURCE: ISO 80601-2-12:2020, 201.3.209, medified —deleted example, added note an|
‘opgrators’ with ‘users’]

3.50
porjt
opening(s) for the passage of a fluidthrough a specified interface

Note 1 to entry: A port can be in.the'form of a specific connector or designed to not allow connecti
confector.

[SOPRCE: ISO 4135: 2022, 3:1.4.10]

3.5
pratection device
parf or function-of a medical device or accessory that, without intervention by the user, p

], providing
munities.

d replaced

pn with any

Fotects the

patient, othér people or the environment from hazardous output due to incorrect delivery of energy or

subgtances

[SOURGE: 1SO 4135: 2022, 3.1.4.48]

3.52
rated

<value> term referring to a value assigned by the manufacturer for a specified operation condition

[SOURCE: IEC 60601-1:2005, 3.97]

3.53
record
document stating results achieved or providing evidence of activities performed

Note 1 to entry: Records can be used, for example, to formalize traceability and to provide evidence of verification,

preventive action and corrective action.

© IS0 2023 - All rights reserved
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Note 2 to entry: Generally records need not be under revision control.
[SOURCE: ISO 14971:2019, 3.16]

3.54
residual risk
risk remaining after risk control measures have been implemented

[SOURCE: ISO 14971:2019, 3.17]

3.55

resuscitater
transit-opefrable equipment intended for immediate use to provide lung ventilation in the resuscitat
of individupls who have sudden breathing difficulty

—n

on

Note 1 to enftry: National regulations may restrict this term to manually operated devices.
[SOURCE: IISO 4135:2022, 3.4.1.8]

3.56
resuscitator deadspace
volume of reviously exhaled gas within the resuscitator thatis delivered todhepatient in the succeeding
inspiratory phase

[SOURCE: ISO 4135:2022, 3.4.1.8.3]

3.57
risk
combinatign of the probability of occurrence of harm and the'severity of that harm

[SOURCE: ISO 14971:2019, 3.18]

3.58
risk analygis
systematicluse of available information to identify hazards and to estimate the risk

[SOURCE: ISO 14971:2019, 3.19]

3.59
risk management
systematiq application of management policies, procedures and practices to the tasks of analysing,
evaluating| controlling andmenitoring risk

[SOURCE: ISO 14971:2019;73.24]

3.60
risk management file
set of records’and other documents that are produced by risk management

[SOURCE: ISO 14971:20109, 3.25]

3.61
safety
freedom from unacceptable risk

[SOURCE: ISO 14971:2019, 3.26]

3.62

safety sign

sign giving a general safety message, obtained by a combination of a colour and geometric shape and
which, by the addition of a graphical symbol, gives a particular safety message

[SOURCE: ISO 20417:2021, 3.21]
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3.63

setrate
number of assured inflations that are set to occur in a specified period of time, expressed as breaths per
minute

[SOURCE: I1SO 19223:2019, 3.5.1.1, modified — deleted notes and examples.]

3.64
shelf-life
period of time until the expiry date during which a medical device or accessory in its original packaging
maintains its stability under the conditions specified in the information supplied by the manufacturer

[SO

3.6
sin

con
isp
[SO
‘dey
3.6

sing
<mé

multiple uses

Not
[SO
3.6
sing
<m{

spe

Not
and

[SO

3.6
sta
non
twa

[SO

URCE: ISO 20417:2021, 3.24]

D
ple fault condition

dition of device in which a single means for reducing a risk is defective or a single abnorms
Fesent

URCE: IEC 60601-1:2005, 3.116, modified — deleted the note and replaced ‘ME EQUIP])
ice’]

b

ple patient multiple use

dical device, accessory> intended by the manufacturer‘to be reused on an individual

e 1 to entry: A single patient multiple use medical device.8¥ accessory may require processing betwse
[JRCE: ISO 20417:2021, 3.25, modified — deleted note 2.]

/

rle use

dical device, accessory> intended by the manufacturer to be used on an individual
Cimen during a single procedure@nd then disposed of

1 to entry: A single use medical device or accessory is not intended by its manufacturer to be furthe
used again.

URCE: ISO 20417:2021,)3.26]

B

nd-alone gas-mixer

-integrated-device that can deliver an adjustable or fixed concentration of medical gas de
separat€ medical gas supplies

JRGEYTSO 11195:2018, 3.8]

| condition

MENT with

patient for

Pen uses.

patient or

r processed

rived from

3.6

>

standard temperature and pressure, dry
STPD
pressure of 101,325 kPa at an operating temperature of 20 °C, dry

[SOURCE: ISO 4135:2022, 3.1.1.8]

3.70
sterilization
process used to render product free from viable microorganisms

Note 1 to entry: In a sterilization process, the nature of microbial inactivation is exponential and thus the survival
of a microorganism on an individual item can be expressed in terms of probability. While this probability can be
reduced to a very low number, it can never be reduced to zero.
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[SOURCE: 1
3.71

S0 17664-1:2021, 3.17]

technical description
portion of the accompanying information directed to the responsible organization and service personnel
thatis essential for preparation for the first use and safe use, maintenance or repair as well as processing,
transport or storage for the expected lifetime of a medical device

Note 1 to en

[SOURCE: 1

try: The technical description may be included in the instructions for use.

SO 20417:2021, 3.30, modified —deleted note 2.]

3.72

tidal volume

volume of ¢

Note 1 to e
styles, may
quantity, it

Note 2 to e
inspiratory
nominally ¢
end-expirat
the lung, su

ras that enters and leaves the lung during a breath

ntry: In addition to its direct reference, this term or its symbol, V;, displayed in¢various chara

cter

be used, in context or by qualification, to designate this concept as a set quadtity. As a measyred

s only used to designate this concept when expressed as a compensated value:

ntry: In practice, the volumes that enter and leave the lung are typically-measured as delivered
volumes and expired tidal volumes because, even without leakage, thesetwo quantities will onl
qual due to physical and/or compositional changes of the gas and nopmal physiological variatig
pry lung volume. Leakages between the point at which the flow téwards the patient is measured
h as occur at the connection to the patient’s airway, will increase these discrepancies.

Note3toe

(or
ly be
n in
and

ry: Without leakage compensation the measured expired tidal volume will be a better representation

of the actud|l tidal volume because leakage is less during expiration,than during delivery due to the lower
airway presfure. Where leakage compensation is in operation, thewactual delivered and inspiratory volumeg
typically greater than the set tidal volume, but the compensated tidal volume provides a better representatid
the actual tidal volume.

Note 4 to enftry: With ventilation equipment where no inspiratory or expired volume measurements are avail
the actual tidal volume might deviate from the set value as a result of the factors referred to in Note 2 to this efptry.

[SOURCE: ISO 19223:2019, 3.8.1]

3.73
transit-op
<adj> term
moved

rable
referring to transportahble equipment whose intended use includes operation while itis b

[SOURCE: [EC 60601-1-11;20715, 3.4, modified —deleted note and example.]

3.74

type test
testonare
designed a

preseftative sample of the equipment with the objective of determining if the equipmen
nd manufactured, can meet the requirements of this document

[SOURCE: I

3.75
usability

ean
are
n of

hble

Ping

[, aS

characteristic of the user interface that facilitates use and thereby establishes effectiveness, efficiency
and user satisfaction in the intended use environment

Note 1 to entry: All aspects of usability, including effectiveness, efficiency and user satisfaction, can either
increase or decrease safety.

[SOURCE: I

14

EC 62366-1:2015, 3.16]
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3.76

usability engineering

application of knowledge about human behaviour, abilities, limitations, and other characteristics to the
design of medical devices (including software), systems and tasks to achieve adequate usability

Note 1 to entry: Achieving adequate usability can result in acceptable risk related to use.

[SOURCE: IEC 62366-1:2015, 3.17]

3.77
usability engineering file

perpon interacting with (i.e. operating or handling) the medical device
Notg 1 to entry: There can be more than one user of a medical device.

Not¢ 2 to entry: Common users include clinicians, patients, cleaners, maintentahce and service personpel.

[SOPRCE: IEC 62366-1:2015, 3.24]

usejr-powered resuscitator
resyscitator with which ventilation of the lungs is produced by the user squeezing its compregsible unit

ventilator-dependent
<pdtient> dependent upon artificial ventilation in order to prevent serious deterioration df health or
death

Note¢ 1 to entry: A ventilator-dependent patient cannot breathe well enough to maintain life-sustainfng levels of
oxygen and carbon dioxide in the-blood. For the purposes of this document, dependent means the logs of therapy
canfrequire immediate medical intervention.

EXAMPLE Patients with' Duchenne muscular dystrophy or other degenerative disease resultling in their
unspipported respiratory effort being insufficient to sustain life.

[SOPRCE: ISO 80601-2-12:2020, 201.3.211]

4 |General requirements for testing of a resuscitator

4.1l _Risk management process

a) Arisk management process complying with ISO 14971 shall be performed. For compliance with this
document, all elements of the ISO 14971:2019 risk management process shall be applied except:

1) the planning for and execution of production and post-production monitoring [ISO 14971:2019,
4.1, fourth dash of 4.4, item g) and Clause 10]; and
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2) periodic reviews of the suitability of the risk management process (ISO 14971:2019, third

pa

ragraph of 4.2).

b) The combination of simultaneous independent faults that could result in a hazardous situation shall

be doc

umented in the risk management file.

1) When testing is necessary to demonstrate that the ventilatory requirements of Clause 8 are
maintained under such simultaneous independent faults, the related testing may be limited to
worst case situations.

NOTE The test results can necessitate a revision of the risk analysis.

c) Whers
togeth

establi
eviden
d) Whers
but do
criteri
risk is
plan.

e) Check
1) in
2) in
3) co
sp

ar

i)

4) co
ac

un

i)

5) co

m

this document specifies requirements addressing particular hazards or hazardous situati
er with specific acceptance criteria, compliance with these requirements is preS§ume
sh that the residual risks have been reduced to acceptable levels unless there is/objed
Ce to the contrary.

this document specifies requirements addressing particular hazards or haziardous situat
es not provide specific acceptance criteria, the manufacturer shall provide the acceptd

acceptable according to the criteria for risk acceptability recorded’in the risk manage

compliance by:
spection of the manufacturer’s policy for determining ctiteria for risk acceptability;
spection of the risk management plan for the resusditator under consideration;

hfirming that the records in the risk management file demonstrate that, after applying
pcific requirements of this standard, the acegptance criteria determined by the manufact
b satisfied;

Only the relevant parts of the risk management file need to be reviewed (e.g.
manufacturer's calculations orgtest results, or the determination of risk acceptability).

hfirming that the records in‘thé risk management file demonstrate that the residual ris

acceptable risk remains); and.

Only the relevant) parts of the risk management file need to be reviewed (e.g.
manufacturer'scalculations or test results, or the determination of risk acceptability).

nfirming tha€ the manufacturer has prepared a risk management file containing the

under consideration.

4.2 Type tests

nagemeiityrecords and other documentation required by this document for the resuscit

h defined in the risk management plan. These acceptance criteria shall ensure that the res:’ljual

Ceptable using the criterid for risk acceptability recorded in the risk management plan (i.g.

ons,
] to
tive

jons
nce

ent

the
irer

the

k is
no

the

risk
itor

The tests described in this document are type tests.

4.3 Test

a) Unless

conditions

otherwise specified in this document

1) all tests are performed within the operating range of environmental conditions of normal use;

2) all test performance requirements in this document shall be satisfied when the resuscitator is
used by one person in its normal use position;

16
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3) the user shall only use one hand for squeezing the compressible unit.

b) Unless otherwise specified in this document, the resuscitator and its accessories are to be tested

under the least favourable working conditions of normal use.

1) The least favourable working conditions shall be documented for every test where t

hey apply.

c) A resuscitator and its accessories having operating values that can be adjusted or controlled shall

d)

f)

4.4
All

b)

Cor

4.5

NOT

b)

be adjusted as part of the tests to values that are the least favourable for the relevant
accordance with normal use.

gases supplied to the resuscitator, the test is performed at the worst case within the ratg
these characteristics.
For testing, the resuscitator and its accessories

1) shall be connected to gas supplies of normal use,

as appropriate, unless otherwise stated.
When using substitute gases, care should be taken to ensure that the test gases are ¢
appropriately dry.
Gas flowrate, volume and leakage specifications
requirements for gas flowrate, volume and leakagédn this document,
are expressed at ATP,
except for those related to gas flowrate from a source of medical gas, which are express

rect all test measurements to ATP or'STPD, as appropriate.

Testing errors
E There is guidance or'rationale for this subclause contained in Clause A.2.
For the purposes of this document, acceptance criteria for testing declared tolerances s}
1) procedure Acalculation of uncertainty of measurement) from [EC Guide 115:2021,
2) procedute 2 (accuracy method) from IEC Guide 115:2021, 4.4.3.

Test equipment and methods shall be selected and controlled to ensure that the uncert
coyerage factor k = 2, for confidence of ~ 95 %) is no more than 30 % of the disclosed tqg
the parameter being tested.

test, but in

sition of the

d limits for

2) except that industrial grade oxygen and air may be substituted for the equivalent njedical gas,

il-free and

bd at STPD.

1all use:

1.4.2; or

hinty (with
lerance for

EXAMPLE If the manufacturer wishes to claim a tolerance for delivered volume of (10 ml +10 % of set

volume) then the uncertainty of the measurement cannot exceed +(3 ml +3 % of set volume).

c) The manufacturer shall disclose the measurement uncertainty for each disclosed tolerance in the

Che

©IS

technical description.

ck conformance by inspection of the IFU and the technical description.
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4.6 Environmental conditions in the end user environment

4.6.1 Transportand storage conditions

a)

b)

d)

18

Unless otherwise indicated in the IFU, the permissible transport and storage conditions in the end
user environment shall be the following:

EXAMPLE In the ambulance, patient's car, next to a ventilator as a backup.

1) temperature range of -40 °C to +5 °C without relative humidity control;

2) tefmperature range of +5 °C to +35 °C at a relative humidity up to 90 %, non-condensing; anH
3) temperature range of >+35 °C to +70 °C at a water vapour pressure up to 50 hPa.

If the |[FU state a more restricted range of transport and storage conditions in the end yser

envirophment, these environmental conditions shall be:

1y
2)

3)

The temperature range may be marked with:

1y
2)
3)

justified in the risk management file; and
marked on the resuscitator and accessory, and

i) | unless such marking is not practicable, in which case the moferestricted range need ¢nly
be disclosed in the IFU.

labelled on the point of use packaging.

Symbol 1SO 7000-0534 or symbol 5.3.5 of ISO 15223<1:2021 (see Table C.1, symbol 1);
Symbol 1SO 7000-0533 or symbol 5.3.6 of [SO.15223-1:2021 (see Table C.1, symbol 2); or
Symbol 1SO 7000-0632 or symbol 5.3.7 of ISO 15223-1:2021 (see Table C.1, symbol 3).

The hymidity range may be marked with symbol ISO 7000-2620 or symbol 5.3.8 of ISO 15223-1:2[021

(see Tdble C.1, symbol 6).

The atfjmospheric pressure range )may be marked with symbol 1SO 7000-2621 or symbol 5.3.p of

[SO 15p23-1:2021 (see Table C¥1/)symbol 7).

Check [conformance by théfollowing test and when a more restricted range is stated in the [FU,

inspection of the risk mxanagement file.

1y
2)

3)

4)

5)

Prepare the resuscitator and its accessories for transport or storage in accordance with the [FU.

Exlpose thesresuscitator and its accessories at its lowest specified environmental transport pnd
storage €onditions (temperature _(f} °C) for atleast 48 h.

T TTUTT

Themexpose the resn ator and accessoriesto 3 CF4Cand 93® Y0 I'eld jity
until the test chamber reaches equilibrium. The transition from low to high conditions should
be made slowly enough to provide a non-condensing environment. Hold for at least 48 h.

Then expose the resuscitator and its accessories at its highest specified environmental transport
and storage conditions, but not requiring a water vapour partial pressure greater than 50 hPa,

(temperature +04 °C) for at least 16 h.

NOTE The intent of specifying a minimum duration of the exposure to both the low and high
temperature conditions is to ensure that the entire resuscitator and its accessories reaches the stated
conditions.

At the end of this conditioning period, allow the resuscitator and its accessories to return and
stabilize at room ambient.
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6) Confirm that the resuscitator and its accessories conform to Clause 8.

4.6.2 Operating conditions

a)

b)

d)

f)

g)

Unless otherwise indicated in the IFU, the permissible environmental operating conditions of the

resuscitator and its accessories shall be the following:

1) temperature range of -18 °C to +50 °C;

2) arelative humidity range of 15 % to 90 %, non-condensing, but not requiring a water vapour

partial pressure greater than 50 hPa; and

3) an atmospheric pressure range of 620 hPa to 1 060 hPa.

If readings or performance vary, a table of correcting values shall be disclosed in the IFU.

1) This correction table shall indicate the extent of the variation between, the actual
the values indicated or set.

If the IFU state a more restricted continuous environmental operating conditions, these
shall be:

1) justified in the risk management file; and
2) marked on the resuscitator and accessory,

i) unless such marking is not practicable, in which case the more restricted cond
only be disclosed in the IFU.

The temperature conditions may be marked with one the of following:

1) symbol ISO 7000-0534 or symbol 5.3.5:0f ISO 15223-1:2021 (see Table C.1, symbol 1);
2) symbol ISO 7000-0533 or symbol5.3.6 of ISO 15223-1:2021 (see Table C.1, symbol 2);
3) symbol ISO 7000-0632 or symbol 5.3.7 of ISO 15223-1:2021 (see Table C.1, symbol 3),
The humidity conditions may*be marked with:

1) symbol 1SO 7000-2620; or

2) symbol 5.3.8 of150 15223-1:2021 (see Table C.1, symbol 6).

The atmosphéric pressure conditions may be marked with:

1) symbelkISO 7000-2621; or

2) , Symbol 5.3.9 of ISO 15223-1:2021 (see Table C.1, symbol 7).

[

values and

conditions

tions need

or

Cheéck conformance by the following test. If a more restricted range of environmental ¢

nditions is

stated in the [FU, inspect of the risk management file for the rationale.
1) Setup the resuscitator and its accessories for operation in accordance with the IFU.

2) Expose the resuscitator and its accessories to 20 °C + 4 °C for at least 6 h.

3) Cool the resuscitator and its accessories to its lowest specified continuous environmental
operating conditions (temperature _(i °C and relative humidity less than or equal to 15 %) and

hold for at least 6 h.

4) Evaluate the resuscitator and its accessories to its specifications and confirm that they conform

to8.1.1,8.1.2,8.2, 8.3, 8.4, 8.6.1, and 8.6.4 under the conditions of 3).
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NOTE There is guidance or rationale for this list element contained in Clause A.2.

5) Warm the resuscitator and its accessories to its highest specified continuous environmental
operating conditions, but not requiring a water vapour partial pressure greater than 50 hPa,

(temperature +04 °C) and hold for atleast 6 h.

6) Evaluate the resuscitator and its accessories to its specifications and confirm that they conform

to

Clause 8 under the conditions of 5).

4.6.3 Shelf-life

a) ThelF
1) TH

b) The re
instrug

[/ shall indicate the shelf-life of the resuscitator and its accessories.
e shelf-life should not be less than 3 years.

suscitator and its accessories shall conform with the specifications as indicated in
tions for use and all the requirements of this document for their entire shelf-life.

the

1) Simulated accelerated storage or ageing may be performed based for' example on a r¢om

tel

N(Q
tes

EX
in
ing

Cca

2) TH
m

c) Check
1) St
co

2) Following the period of storage, confirm that the resuscitator and its accessories conforn

Cl;

4.6.4 Ex|
NOTE 1 ]

a) Theex
for:

NOTE 3

mperature of 23 °C.

TE Additional information is found in ISO 2578, ASTM 1980[21], and ASTM D3045[22] for acceler
ting.

AMPLE Using the Arrhenius formula for materials with/aging factor 2 (every 10 °C incr

storage temperature doubles the ageing speed), an accelerated aging temperature of 53 °C (3
culated to be 19,6 weeks (2 cubed, an 8 times reductiofin test time)..

e test temperature should be chosen so that the maximum temperature of the resuscita
hterials stability is not exceeded.

conformance by the following.

bre the resuscitator and accessoriesfor their maximum specified shelf-life. Accelerated stor
hditions may be used.

huse 8.

bected lifetime
'here is guidance.or rationale for this subclause contained in Clause A.2.

pected lifetime in operation of a single use resuscitator shall not be less than 24 h of opera

hted

Pase
D °C

rease) and a desired real time of 3 years (e.g. desired Shelf-life), the accelerated aging test tinje is

or’s

age

N to

Fion

tent

Patients being treated with a resuscitator can be ventilator-dependent and require intermit

iad £ £ £
use over-aperiod-of-treatment

1) aresuscitator; and

2) its

accessories.

b) The expected lifetime in operation of a reusable resuscitator shall be not less than 1 h for each of the
number of processing cycles specified in the IFU plus 24 h.

EXAMPLE 1  For aresuscitator indicated for 20 processing cycles, the minimum expected lifetime is 44

c) The IFU shall indicate the expected lifetime in operation for:

1) aresuscitator; and

20
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2) its accessories.
d) The IFU shall indicate, if reuse is limited, the limitation on reuse for:
EXAMPLE 2  The maximum number of allowable reuses or processing cycles.
1) aresuscitator; and
2) its accessories.
e) Check conformance by the following.
1) Set up the resuscitator in accordance with the IFU and the row from Table 1 that is selected by
the largest intended patient ideal body mass.
2) Operate the resuscitator for the cumulative period of operation of its expected lifetine.
i) Mechanical squeezing of the compressible unit may be used.
3) Confirm that the resuscitator and its accessories conform to 7.4, 8.1:1;-8.2, 8.3, 8.6.1 dnd 8.6.4
Table 1 — Test conditions for ventilatory performance
Test lung Ventilatory parameters
Patient ideal ] . -
body Compliance Resistance QSYiratory Set rate M 1n1mumd
Test mass B2 [27][30]134) time g rantee
tidal volume
number
ml/hPa (V1)
kg +10 % hPa(ls)* +2(S) o breaths/min
) £10.% 20 % +10 % ml
1 B<2,5b 0,5 200¢ 0,5 60 10
2 B<2,5 1,0 200¢ 0,5 60 20
3 2,5<B<5b 0,5 200¢ 0,5 60 10
4 2,5<B<5b 1,0 50¢ 0,5 60 30
5 2,5<B<5 3 20d 0,7 40 75
6 5<B<10 10 204 0,8 25 150
7 10<B<40 20 20d 1,0 20 15 B2
8 B =40 20 20d 1,0 20 600
NOTE There is guidarice or rationale for this table contained in Clause A.2.
a B is the ideal-body mass, in kg, as specified in the IFU.
b Durinigymewborn first breath resuscitation.
¢ At aflowrate of 6,25 I/min.
d At a flowrate of 45 1/min.

5 Information supplied by the manufacturer

5.1 General

a) The information supplied by the manufacturer of a resuscitator and its accessories shall conform with
1SO 20417:2021.

b) The form of the accompanying information should be such that they are readily available to the

intended user for the expected lifetime of the resuscitator.

EXAMPLE 1 Enclosed with the resuscitator.
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EXAMPLE 2 Attached to the resuscitator container.
EXAMPLE 3 Provided as e-documentation.

Check conformance by inspection of the accompanying information.

5.2 Additional marking requirements
a) A resuscitator shall be marked with the intended patient ideal body mass range in [kg].

1) The symbol of IEC 60417-5390 (see Table C.1, symbol 7) should be used in combination with the
idgat body mass range.

b) A resufcitator intended to be used in the magnetic resonance (MR) environment, in accerddnce
with IEC 62570:2014, shall be marked with:

1) symbol 7.3.1-1 (Table C.1, symbol 7) or symbol 7.3.1-2 (Table C.1, symbol 8) of dEC 62570 fof an
‘MR Safe’ resuscitator, or

2) symbol 7.3.2 of IEC 62570 (Table C.1, symbol 9) for an ‘MR Conditional’ resuscitator confornjing
with [EC 62570:2014.

c) A resukcitator not intended for use in the magnetic resonance (MR).environment, in accordgnce
with IEC 62570:2014, shall be marked with symbol 7.3.3 (Table G:15 symbol 10) for an ‘MR Undafe’
resuscltator.

of

12}

Check conformance by inspection of the marking and by application of the clearly legible test
ISO 20417:2021, Annex B for all the markings required by thisZdocument.

5.3 Addjtional instructions for use requirements

The IFU shall include the following information.

a) The infended user needs to be trained inxésuscitation using a user-powered resuscitator.
b) The splecifications for the resuscitator.

c) The specifications for the accessoriés recommended in the IFU.

d) The intended patient ideal Body mass range in [kg]; and

e) For a gelf-inflating bag-resuscitator, the specification for the resuscitator including its accessdries
recommended in the{FU of:

1) thg deadspace;

2) thg expiratory resistance and test flowrate; and

3) theinsSpiratory resistance and test flowrate

f) The list of user-replaceable parts.

g) Guidance regarding use in hazardous or explosive atmospheres, including a warning to the effect
that if the resuscitator entrains or permits the patient to inhale gas from the atmosphere, its use in
contaminated environments can be hazardous unless entrainment is prevented.

1) [If applicable, a description of how to prevent such entrainment or inhalation, (e.g. by using a
filter).

h) A warning statement to the effect that “WARNING: Use the correct size resuscitator for the ideal
body mass of the patient to avoid the risk of hypoventilation or barotrauma.”
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i) A warning statement to the effect that “WARNING: To avoid the risk of barotrauma, do not override
the mechanical pressure relief unless it clinically justified. Care needs to be taken to immediately
restore the pressure relief function after the clinical need is resolved.”

j) A warning statement to the effect that “WARNING: To avoid the risk of barotrauma, do not use
abrupt and forceful compressions unless it is clinically justified because they can cause high airway
pressures.”

k) A warning statement to the effect that “WARNING: Open flames during resuscitation with oxygen
are dangerous and are likely to result in fire or death. Do not allow open flames or sparks within
2 m of the resuscitator or any oxygen-carrying accessories.”

1) |Awarning statement to the effect that “WARNING: Do not lubricate fittings, connectiony, tubing, or
other accessories of the resuscitator to avoid the risk of fire and burns.”

m) |A warning statement to the effect that “WARNING: Avoid using an oxygen concemntration/ more than
that which is clinically required by the patient. Delivering excessive oxygenrcan increasg the risk of
oxygen toxicity e.g. pulmonary damage, retinopathy of prematurity.”

n) |A warning statement to the effect that “WARNING: Patient expir€d)gas is potentially|infectious.
Breathing filters can reduce but not eliminate contamination risk":

o) |For a flow-inflating bag resuscitator, a warning statement to, the effect that “WARNING |- Incorrect
use of this device can lead to excessive patient rebreathingand death".

Chelck conformance by inspection of the IFU.

6 |Connectors and ports

6.1 General

Porfs or connectors shall not be capablée-of being inadvertently blocked with a hand or flat surface if

that can lead to a hazardous situation:

Chéeck conformance by functional testing.

6.2 Patient-connection.port

The patient-connectior-port of the resuscitator shall be one of the following:

a) [a 15 mm socket)connector conforming with ISO 5356-1:2015; or

b) |a coaxiall5 mm socket / 22 mm cone connector conforming with ISO 5356-1:2015.

Check conformance by application of the tests of ISO 5356-1:2015.

6.3—Expiratory port conmector for breatiring gases

NOTE There is guidance or rationale for this subclause contained in Clause A.2.

a) Ifan expiratory port connector is provided, it shall be one of the following:

1) a 30 mm conical cone connector conforming with ISO 5356-1:2015;
2) apermanent connection; or
3) aproprietary connector incompatible with any other of the connectors in ISO 5356-1:2015.
b) Means shall be provided to prevent connection with the internal lumen of the connector to any

breathing attachment indicated in the IFU.
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Check conformance by inspection and by application of the tests of ISO 5356-1:2015.

6.4 Face

mask connectors

a) If provided with the resuscitator, face masks with connectors of metal or hard plastic materials
shall have either:

1) a22 mm socket connector conforming with ISO 5356-1:2015; or

2) a 15 mm cone connector conforming with ISO 5356-1:2015.

b) Face m
1) be

2) have security of engagement.

c) Checkonformance by application of the tests of ISO 5356-1:2015 or the followidgtest.

1) Cd
re

2) En

acfordance with the face mask IFU.

3) Af

an

4) Co

6.5 Inta
a) Conne
1) IS

2) th

b) An intgke connector for the bag inlet valve should be designed to minimize the risk of unintenti

conne

Check conformance by inspéction and by functional testing.

6.6 Bag
NOTE1

If a conical

asks with connectors of soft or high-friction materials shall

ndition a connector of soft or high-friction materials for 1 h ata temperature of (35 = 3) °C
ative humidity of at least 80 % and carry out the following test underthe same conditioy

gage the face mask connector with the mating connector compliant with ISO 5356-1:201

ter 1 min of engagement without activation of any disengagement mechanism, apply for
axial separation force of (5 + 1) N.

nfirm that the assembled connectors do not become disconnected.

ke connectors
Ctors for the intake shall not be compatible with connectors dimensioned in accordance w
D 5356-1:2015; and
e [SO 80369 series.

tion of breathing attachments that are specified in the IFU which might block the intake.

refill valve-connector
'here is'guidance or rationale for this subclause contained in Clause A.2.

connector is provided for attachment of a bag refill valve, it shall be a 32 mm socket conne

suitable for connection with the corresponding connectors specified in ISO 5356-152015

and
S.

5 in

10 s

ith:

nal

Ctor

with a 1:2

Taper.

Check conformance by engaging the plug gauge of Figure 1 to the socket connector while applying an
axial force of (50 + 5) N and simultaneously rotating the connector (20 + 5)°. Confirm that the leading
edge of the connector lies between the minimum and maximum diameter steps of the plug test gauge.

NOTE 2  Thering gauge of Figure 1 can be similarly used to check the cone connector of a bag refill valve.

24

© IS0 2023 - All rights reserved


https://standardsiso.com/api/?name=2a31ebdf7c4a6127b38b61c1bdde0c95

ISO 10651-4:2023(E)

Dimensions in millimetres

11 £0,005
11 0,005
340,005 3 0,005
Ao
/?g &
R ¢ 1,5 £0,005 5
‘)0,35 1,5 +0,005
N
ool e,
e N2

= g 2 =
S =] =) =)
b ] __H e | (. I
= 3 = &
P o - ™
mMm m m

%o

£,08 aP
e
4
S 4;%
Ny o

NOTE1 Basictaperis 1:28 on diameter.

NOTE 2 Engagementis 9,5 nominal.

Eigure 1 — 32 mm plug and ring gauges

6.7| Oxygen inlet connection

NOTE1 There isguidance or rationale for this subclause contained in Clause A.2.

a) |An oxygensinput port connector intended for connection to oxygen supply tubing that is user-
detachable'without the use of a tool shall conform with the R2 socket connector of ISO 80369-2:—.

NOTE2  Oxygen supplies can include a flowmeter connected to a medical gas pipeline system or oxygen
¢ylinder, oxygen concentratorl(ll or stand-alone gas mixer.

b) The end of an oxygen tube intended to connect to a flow-controlled oxygen supply, if provided, shall
conform with:

1) EN 13544-2:2002+AMD1:2009, 5.1.2; or
2) 9/16-18 UNF-2A-RH socket fitting.

Check conformance by inspection.
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6.8 Pressure monitor connector

a) Any pressure monitor connector of the resuscitator shall:

b) A prespure gauge connector may conform with the R1 cone connector of ISO 80369-2:—.

Check conformance by inspection.

7 Operational requirements

7.1 Dismantling and reassembly

iy
2)
3)
4)

NOTE

a)

b)

7.2 Resyscitator performance after contamination with vomitus

NOTE 1

not be compatible with the R2 connector of ISO 80369-2:—;
not be compatible with a connector fitting EN 13544-2:2002+AMD1:2009, 5.1.2;
be provided with a means to secure the pressure gauge in position; and

be provided with a means, attached to the resuscitator, to secure closure when the pressure

gapge-isnotin-use-

There is guidance or rationale for this subclause contained in Clause A.2.

A resufcitator intended to be dismantled by the user, (e.g. for pnocessing, etc.) shall be designefl to

minimfize the risk of incorrect reassembly.

Parts that are intended to be separated from the resuscitator should be marked so that they can be

re-identified for correct reassembly.

There is guidance or rationale for this subclause contained in Clause A.2.

a) The IRU shall include instructions f¢r,the removal of vomitus from the resuscitator and its

b)

26

accessgries during emergency use, including, where necessary:

1y
2)

3)

disassembly;
repssembly; and
i) | Reassembly instructions should include a diagram.

a functional test of operation to be carried out after reassembly.

In an gmergency situation when the resuscitator is soiled with vomitus and cleared in accorddnce

with tIe IEUthe resuscitator shall meet the requirements specified in:

1) 8.4

2) 8.3;

3) 8.6.1;and
4) 8.6.4.

The patient valve housing should be constructed so that proper operation of the mechanism can be
observed by the user (e.g. through a transparent housing).

NOTE 2  Observation of the functioning mechanism of the patient valve can assist the user in detecting
abnormal operation, particularly following contamination with vomitus.
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d) Check conformance with the following test.

the row in

Hed patient

e adequate
t, dropping

1) Prepare simulated vomitus by mixing two parts of baby meal beef with vegetable and one part
water.

2) Warm the simulated vomitus to (37 + 3) °C.

3) Pour 175 ml into the patient-connection port.

4) Connect the resuscitator to the test lung as specified in Figure 2 as specified for
Table 1 selected by the largest intended patient ideal body mass.
i) An alternative test apparatus may be used.

5) Cycle the resuscitator as specified for the row in Table 1 selected by the largestinten
ideal body mass.

6) Continue to cycle the resuscitator for 30 s.

7) Perform emergency cleaning in accordance with the IFU.

8) Confirm that the resuscitator conforms with 8.2, 8.3, 8.6.1 and8.6.4.

7.3 Mechanical strength

NOTE There is guidance or rationale for this subclause contained in Clause A.2.

a) |A resuscitator and its parts, excluding the face mask‘and attached accessories, shall hay
mechanical strength when subjected to mechanical stress caused by normal use, impac
and rough handling.

b) |After the following test, the resuscitator shall conform with the requirements of:

1) 8.2
2) 8.3;
3) 8.6.1;and
4) 8.6.4.
c) |Check conformanc€with the following test:

following

1) Free fallip’ conformance with IEC 60068-2-31:2008, using Procedure 1 and thg
conditions:
i)<—fall height: 1,0 m; and
ii) number of falls: 2 in each attitude.

2) Confirm that the resuscitator conforms with:

i) 8.2
ii) 8.3;

7.4 Resistance to separation from an axial load

NOTE

There is guidance or rationale for this subclause contained in Clause A.2.
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7.4.1 Multiple patient multiple use resuscitators

a) A multiple patient multiple use resuscitator shall have adequate mechanical strength to avoid
unintentional separation of parts when subjected to mechanical stress caused by normal use.

b) All component attachment points from patient valve housing to inlet valve housing shall withstand:

1) an axial tensile force of at least 30 N for 10 s without separation; and

2) atensile force at an angle of 45° of at least 30 N for 10 s without separation.

c) Check
1) Ap
aw

2) Hc
3) Co
4) Co
in{

5) Ajp

re

6) Hd
7) Cd

8) Co
in{

7.4.2  Sin
a) Asing

avoid ynintentional separation of parts when subjected to mechanical stress caused by normal

onformance with the Fn”nv\n'ng test

ply a 30 N axial force at a rate of approximately 10 N/s until 30 N is reached in the direc
ray from each connection.

Id the axial force for 10 s and then release the force.
nfirm that the resuscitator parts have not separated.

nfirm that the resuscitator conforms with 8.6.1. for the largest tidal volume selectec
ended patient body mass.

ply a 30 N axial force at an angle of 45° at a at a rate of approximately 10 N/s until 30
hched in the direction away from each connection.

ld the force for 10 s and then release the force.
nfirm that the resuscitator parts have not separatéd.

nfirm that the resuscitator conforms with 8i6.1. for the largest tidal volume selected
ended patient body mass.

gle use and single patient multiple.use resuscitators

e use or single patient multiple use resuscitator shall have adequate mechanical strengt

axial tensile force pofiat least 100 N for 10 s without separation; and
ensile force at an‘angle of 45° of at least 100 N for 10 s without separation.
conformaneg'with the following test.

ply a 190-N axial force at a rate of approximately 10 N/s until 100 N is reached in the direc
ray fr@m each connection.

Fion

N is

N to
Lise.

hponent attachment pointsfrom patient valve housing to inlet valve housing shall withstand:

fion

nfirm that the resuscitator parts have not separated.

Confirm that the resuscitator conforms with 8.6.1. for the largest tidal volume selected by
intended patient body mass.

Apply a 100 N axial force at an angle of 45° at a at a rate of approximately 10 N/s until 100 N is
reached in the direction away from each connection.

Hold the force for 10 s and then release the force.

b) All con
1) an
2) at

c) Check
1) Ay

aw
2)
3) Co
4)
5)
6)
7) Co

28

nfirm that the resuscitator parts have not separated.
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8) Confirm that the resuscitator conforms with 8.6.1 for the largest tidal volume selected by

intended patient body mass.

Immersion in water

NOTE

a)

b)

7.6

NOTI

There is guidance or rationale for this subclause contained in Clause A.2.

A self-inflating bag resuscitator and its parts, including the face mask and attached accessories, shall
withstand temporary immersion in water.

After the following test, the resuscitator shall conform with the requirements of:

iy
2)
3)
4)

Check conformance with the following test:

1) Fully immerse the resuscitator with its accessories in its ready-for-use condition as i
the IFU so that the following conditions are satisfied:

2) the highest point of the resuscitator is located at least 150 mm below the surface of
and

3) the temperature of the water does not differ{from that of the resuscitator by more th

4) Wait 30 s and then remove the resuscitator from the water reservoir.

5) Remove the water by shaking or squeezing for not more than 20 s.

6) Connect the resuscitator to thestest lung as specified in Figure 2 as specified for
Table 1 selected by the largest'intended patient ideal body mass.
i) Analternative testapparatus may be used.

7) Cycle the resuscitator as specified for the row in Table 1 selected by the largest inten
ideal body mass.

8) Continue to€ycle the resuscitator for 30 s.

9) Confirm‘that the resuscitator conforms with 8.2, 8.3, 8.6.1 and 8.6.4.

Bag-refill valve
E There is guidance or rationale for this subclause contained in Clause A.2.

8.2;
8.3;
8.6.1; and

8.6.4.

hdicated in

the water;

an 5 °C.

the row in

Hed patient

A bag refill valve for use with a resuscitator shall not have provision for manual operation.

Check conformance by inspection.

7.7 Compatibility with substances

a)

b)

All gas pathways shall be constructed from materials selected to take into account the chemical and
physical properties of any substances (e.g. volatile anaesthetic agents or medications) with which
the resuscitator’s gas pathway can come into contact in normal use.

The IFU shall disclose the medicinal or biological substances considered in the evaluation of
material compatibility of the resuscitator.
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NOTE It is reasonably foreseeable that a resuscitator intended for use in the operating room will
encounter patient-expired volatile anaesthetic agents.

Check conformance by inspection of the risk management file.

8 Ventilatory requirements

8.1 Delivered oxygen concentration

NOTE There is guidance or rationale for this subclause contained in Clause A.2.

8.1.1 Non-spontaneously breathing patient

a) A self-Inflating bag resuscitator with its accessories shall be capable of providing a delivered ox)gen
concenftration of at least 85 % (V/V) when connected to an oxygen source supplying not more than
15 1/mlin under the conditions of the applicable rows of Table 1 (selected by inténded patient ifleal
body mass).

1) THe IFU shall disclose resuscitator’s configuration for achieving this exygen concentration.
b) The IF/ shall disclose:

1) thg rated range of input oxygen source concentration; and

2) effects of the rated range of input oxygen concentration en'the delivered oxygen concentratipn.
NQTE 1 When the input oxygen source is from am0Xygen concentrator or a medical gas pipgline
supplied by an oxygen concentrator, the input oxygen concentration can vary from 90 % (V/V) to 99|5 %
(VfV). When the input oxygen source is from a stand-alone gas mixer, the input oxygen concentration
cap vary from 21 % (V/V) to 99,5 % (V/V).

3) effects of the oxygen source flowrate aon the delivered oxygen concentration.

NQTE 2 A resuscitator can draw;in ambient air and dilute the delivered oxygen concentration
depending on the oxygen source flowrate.

c) A resuscitator need not conform(to'a) to b), if the resuscitator is not provided with a connectior] for
oxygen gas and is thus intendéd for delivering only ambient air.

d) Checkonformance by in§pgction of the IFU and with the following test.

1) Connect the resuscitator to the test lung as specified in Figure 2 configured in accordance yith
the first applicable row of Table 1 (selected by intended patient ideal body mass).

i) | Utilize.an oxygen source of at least 99 %.

ii)| Analternative test apparatus may be used.

2) Introduce input oxygen flows of no more than 15 I/min.

i) Temporarily ventilating with a larger tidal volume to decrease the time to reach a stable
value for oxygen concentration may be used.

3) Ventilate the test lung by squeezing the compressible unit using only one hand with maximum
allowable hand dimensions as given in Figure 4 or comparable mechanical squeezing in
accordance with the applicable row of Table 1 (selected by intended patient ideal body mass).
Allow the compressible unit to recoil on its own.

4) Continue until a stable value for oxygen concentration is achieved.

5) Confirm the delivered oxygen concentration.
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6) Repeat 2) to 5) with each applicable row of Table 1 (selected by intended patient ideal body
mass).

Key
resuscitator under test

patient-connection port connector

oxygen sensor

pressure tapping port (can be part of flowmeter)
flowmeter to determine tidal volume
non-compliant tubing (@ 22'mm)

resistance

thermometer

O 0 N O U1 A W N -

rigid test lung

_
o

copper wireto maintain isothermal compression

Figure 2 — Example non-spontaneous breathing ventilatory performance test setup

8.1.2 Spontaneously breathing patient

A self-inflating bag resuscitator, intended for use during spontaneous breathing without any accessories
other than an oxygen reservoir bag, shall be capable of providing a delivered oxygen concentration of at
least 85 % of the input oxygen concentration when connected to an oxygen source supplying not more
than 15 1/min to a spontaneously breathing patient without squeezing the compressible unit under the
conditions of the applicable rows of Table 2 (selected by intended patient ideal body mass).
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Check conformance with the following test.

a) Connect the resuscitator to the test lung as specified in Figure 3 configured in accordance with the
first applicable row of Table 2 (selected by intended patient ideal body mass) and initiate active test
lung to breathing mode.

1) An alternative test apparatus may be used.
b) Introduce input oxygen flows of no more than 15 I/min.

c¢) Do notsqueeze the compressible unit.

d) Continjue until a stable value for oxygen concentration is achieved.
e) Confirm the delivered oxygen concentration.

f) Repeata) to e) with each applicable row of Table 2 (selected by intended patient ideal body masg).

Table|2 — Example test conditions for spontaneous breathing ventilatory-performance
Test Patient ideal body Inspiratory tidal Set rate Inspiratory time
number mass, B2 volume breaths/mix S
kg ml +10 % +20 %
1 B<2,5b 10 45 0,4
2 2,5<sB<5 20 32 0,5
3 5<B=<10 50 30 0,5
4 10<B<40 200 20 1,0
5 B=>40 400 15 1,0
6 B =40 1000 8 1,5
NOTE Th¢re is guidance or rationale for this Table contained in Clause A.2.
a  B=Idea] body mass, in kg, as specified in the IFU.
b During pewborn first breath resuscitation.

32
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N O U W

8.2

NOT

resuscitator under test

patient-connection port connector

oxygen sensor

pressure tapping port (can be part of flowmeter)
flowmeter to determine tidal volume
non-compliant tubing (@ 22 mm)

active test lung

Figure 3 — Spontaneousbreathing ventilatory performance test setup

Expiratory resistance
E There is guidance Or rationale for this subclause contained in Clause A.2.

Unless the resuscitator is equipped with a PEEP accessory, the expiratory pressure drop
at the patient-connection port with all recommended accessories in place, other thay
removable breéathing system filter, shall not exceed 5 hPa (5 cmH,0) at a flowrate of:

1) 51/min for a resuscitator for an intended patient ideal body mass less than or equal

2) , 251 /min for a resuscitator for an intended patient ideal body mass greater than or ec
and less than or equal to 40 kg; or

measured
any user-

o 5kg;

jual to 5 kg

b)

3) 50 I/min for a resuscitator for an intended patient ideal body mass greater than or equal to

40 kg.

Check conformance with the following test.

1) Connect the patient-connection port of the resuscitator to a flow source of 5 1/min + 5 %, 251/

min + 5 % or 50 I/min + 5 %, as appropriate.

2) Orient the resuscitator in the position of normal use.

3) For a flow-inflating bag resuscitator, close the adjustable exhaust port to its most closed

position.

4) Measure the pressure at the patient-connection port.
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5)

6)
7)

Confirm that pressure measured does not exceed ambient pressure by more than 5 hPa

(5 cmH,0).
Slowly reduce the flowrate to zero.

Confirm that pressure drop does not exceed 5 hPa (5 cmH,0) while the flowrate drops.

8.3 Inspiratory resistance

NOTE

a) The in

There is guidance or rationale for this subclause contained in Clause A.2.

accessgries in place, other than any user-removable breathing system filter, shall not exceed 5
(5 cmHf,0) at a flowrate of:

1y
2)

3)

5 lI/min for a resuscitator for an intended patient ideal body mass less than or equal to 5 kg;

251/min for a resuscitator for an intended patient ideal body mass greater than or equal to b

and less than or equal to 40 kg; or

50 I/min for a resuscitator for an intended patient ideal body masg-greater than or equa

40 kg;

b) Checkconformance with the following test.

1y
2)

3)
4)
5)

Blpck or cap all gas input ports.

Cannect the patient-connection port of the resuscitator to a vacuum source of 5 1/min * J

251/min =5 % or 50 1/min £ 5 %, as appropriate.
Orjient the resuscitator in the position of normdluse.
Mg¢asure the pressure at the patient-connestion port.

Confirm that pressure measured dees’ not fall below ambient pressure by more than 5
(5|cmH,0).

8.4 Gas source excessive flow

NOTE

Unless the
not be creg

There is guidance or rationale for this subclause contained in Clause A.2.

provided with a connegtion for oxygen gas.

Check conformanceby inspection of the I[FU and with the following test.

a) Setup

spiratory pressure drop measured at the patient-connection port with all recommen|

resuscitator is_équipped with a PEEP accessory, PEEP greater than 6 hPa (6 cmH,0) s
ted with an_input flowrate of 30 I/min at the oxygen input port connector for a resuscit

ded
hPa

I to

%,

hPa

hall
htor

the resuscitator in accordance with the IFU and the row from Table 1 that is the sma1lest

3 pa | e PR | 11 pa |
intended pattentracar ooay mass:

b) Operate the resuscitator.

1y

Mechanical squeezing of the compressible unit may be used.

c) Add air or oxygen at 30 I/min to the oxygen input port connector.

d) For aflow-inflating bag resuscitator, open the adjustable exhaust port to its most open position.

e) Confirm that the PEEP does not exceed 6 hPa (6 cmH,0).

34
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NOTE
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Resuscitator deadspace

There is guidance or rationale for this subclause contained in Clause A.2.

a) For an intended patient ideal body mass less than or equal to 5 kg, the resuscitator deadspace shall

not exceed 7 ml for a self-inflating bag resuscitator.

b) For a self-inflating bag resuscitator for an intended patient body mass greater than to 5 kg, the
resuscitator deadspace shall not exceed 5 ml +10 % of the minimum guaranteed tidal volume

specified by the applicable row of Table 1 (selected by intended patient ideal body mass)

8.6

8.6

NOT

Fyall 1 rad L | 1 £.11 .
CIICLK COTOTITIAIICE WILIT ULIC TOITOWIITE LES L.

1) Measure the deadspace of the resuscitator. The deadspace is the internal volunie of {
connection port connector and the volume of the patient valve housing, limited b
position when the expiratory portis closed by the valve.

2) For a resuscitator for an intended patient body mass less than or equal to 5 kg, si

overlapping volume of the 15 mm cone connector of a provided face mask (matid
patient-connection port connector of the resuscitator conformingywith ISO 5356-1:1
the resuscitator’s deadspace.

3) Confirm that the resuscitator deadspace conforms to the requirement.
Ventilation performance

1 Minimum guaranteed tidal volume (V;) — ohe hand
E1 Thereis guidance or rationale for this subclause contained in Clause A.2.

The minimum guaranteed tidal volume of‘the resuscitator, including any combination of
other than any user-removable PEEP.accessory indicated in the IFU, shall be greate
minimum guaranteed tidal volume specified by the applicable row of Table 1 (selected b
patient ideal body mass).

The minimum guaranteed tidal volume shall be disclosed in the IFU.
Check conformance by@nspection, inspection of the /FU and with the following test.

1) Connect the resuscitator to a test lung using the resistance and compliance of the firs
row of Table1:

2) Perform/his test with the means to limit airway pressure enabled and at the lowe
non-user-removable PEEP accessory.
3) , Ventilate the test lung at a set rate and inspiratory time as indicated in Table 1 by

one hand with maximum allowable hand dimensions as given in Figure 4 to s

he patient-
r the valve

ibtract the
g with the
P015) from

accessories
r than the
y intended

applicable

st BAP of a

using only
Jueeze the

r‘nmprpccihlp unit.
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Dimensions in millimetres

185

105

I‘
A
Key
A  distal skin crease

Figure 4 — Maximum hand dimensions

1) Mgasure the volume delivered through the patient-connection port.

2) Cdnfirm that the tidal violume is greater than or equal to the minimum guaranteed tidal voljime
inglicated in the IFU,

3) Rgpeat 1) to 5) foreach applicable row of Table 1.

NQTE 2 In the absence of leaks (which is the case in the testing conditions) V; has the same
value as thessimulated V.

8.6.2 Mintmum guaranteed tidal volume for B < 2,5 kg

NOTE1 There is guidance or rationale for this subclause contained in Clause A.2.

a) The minimum guaranteed tidal volume of the resuscitator, including the worst-case combination
of accessories without any user-removable PEEP accessory indicated in the IFU, shall be greater
than 2,5 ml for a resuscitator intended for a patient ideal body mass less than to 2,5 kg when the
compressible unit is squeezed no more than 30 mm.

b) Check conformance with the following test.

1) Connect the resuscitator to a test lung using with a resistance of 50 hPa(l/s)! + 10 % and a
compliance 0,5 ml/hPa + 10 %.
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8.6

NOTI

2) Perform this test with the means to limit airway pressure enabled and at the lowest BAP of a
non-user-removable PEEP accessory.

3) Ventilate the test lung at a set rate of 60 breaths/min + 10 % with an inspiratory time of
0,5 s £ 10 % by squeezing, using only two fingers of one hand with maximum allowable hand
dimensions as given in Figure 4, the compressible unit at a constant speed to a total compression
distance of no more than 30 mm.

4) Mechanical squeezing of the compressible unit may be used.

5) Measure the volume delivered through the patient-connection port.

6) Confirm that the tidal volume is greater than 2,5 ml.

NOTE 2 In the absence of leaks (which is the case in the testing conditions), V; has the same
value as the simulated V7.

3 Maximum deliverable tidal volume — two hands

E There is guidance or rationale for this subclause contained in Clausé A.2.

The maximum deliverable tidal volume of the resuscitator, including any combination of|accessories
other than any user-removable PEEP accessory indicated in‘“the [FU, shall be greatdr than the

maximum deliverable tidal volume disclosed in the IFU.
The maximum deliverable tidal volume using two hands shall be disclosed in the IFU.

Check conformance by inspection, inspection of thie /[FU and with the following test.

1
2)

3)

4)
5)

Connect the resuscitator to a test lung using the resistance and compliance of the last applicable
row of Table 3 for the largest intended-patient ideal body mass.

Disable the means to the to limit airway pressure, if one is provided.

Ventilate the test lung at asset rate and inspiratory time as indicated in Table B by using
two hands with maximum~allowable hand dimensions as given in Figure 4 to sfjueeze the
compressible unit.

Measure the volumeé deélivered through the patient-connection port.

Confirm that the-tidal volume is greater than or equal to the maximum deliverable tjdal volume
indicated inth& IFU.

Tablé.3 — Test conditions for maximum deliverable tidal volume —-2 hands|

Testlung Ventilatory parameters
Patient ideal | Compliance | Resistance? | Inspiratory Set rate
body mass [271[30131) time
Test b2
number
kg ml/hPa hPa(l/s)! s breaths/min
10 % 10 % +20 % 10 %

1 B<2,5 20 5 0,5 60

2 2,5<B<5 20 5 0,5 60

3 5<B<10 20 5 0,8 25

4 10 <B<40 50 5 1,0 20
a  B=Ideal body mass, in kg, as specified in the IFU.
b Ataflowrate of range of 0 I/min to 120 1/min.
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8.6.4 Mgqgximum limited pressure
NOTE 1

a) A meaps shall be provided to prevent the airway pressure from exceeding the maximum [im|

b)

d)

38

pressu

1) anew (i.e. never been operated) resuscitator; and

2) anewly processed (i.e. never been operated since being processed) resuscitator.

The m

1) THhe units of measurement of pressure shall be:

i)
ii)

If the aximum limited pressure is set at pne fixed pressure, its nominal pressure setting in nor
conditijon shall be marked on the resuscitator, rounded down to the nearest 5 hPa (5 cm H,0).

1) THe accuracy of the nominalimaximum limited pressure setting shall be disclosed in the IFU.

For a resuscitator designated for use with a patient ideal body mass less than or equal to 10 kg,
maximum limited pressure-Shall not exceed for more than 200 ms:

1) 43 hPa (45 cmH,0) in normal condition; and

2) th
3) A
E

There is guidance or rationale for this subclause contained in Clause A.2.

Table 3 (continued)

Test lung Ventilatory parameters
Patient ideal | Compliance | Resistanceb | Inspiratory Set rate
body mass [27][30]131) time
Test B2
number
kg ml/hPa hPa(l/s)1 s breaths/min
+10 % +10 % +20 % +10 %
5 B=40 56 5 156 20
a  B=Ildeal body mass, in kg, as specified in the IFU.
b Ataflowrate of range of 0 1/min to 120 1/min.

e for more than 200 ms for

iximum limited pressure in normal condition shall be disclosed in the IFU.

cmH,0; or

hPa.

e value indicated in the IFU in single fault condition.

mechanism may be provided to disable the means to limit airway pressure.

ited

mal

the

MPLE A disabling mechanism can be the user pressing a finger onto the exhaust portto pre

ent

the pressure limiting function from operating or engaging a mechanical lock that prevents the pressure
limiting function from operating until the lock is disengaged.
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e) For a resuscitator designated for use with a patient ideal body mass greater than or equal to 10 kg,
the maximum limited pressure shall not exceed for more than 200 ms:
1) the value indicated in the IFU; or
i) Any maximum limited pressure protection device that limits pressure to below 60 hPa
(60 cmH,0) shall be equipped with a disabling mechanism for the means to limit airway
pressure.
2) 125hPa (125 cmH,0).

f) Ifthb IIICAIIS tU };lll;t Ml'l VVM_)’ [II coourvc ;D Pl \U A" ;dbd \A4 ;th A IUL}\ ;t oha}} bb oYU db\)isllbd ‘\:ha‘\: th : Operating
mode (i.e. whether it is on or off), is readily apparent to the user by obvious controlpofition, flag,
etc.

g) |If the means to limit airway pressure is not provided with a lock, it shall be 56 designed that so
that a user using one hand with maximum dimensions as described in Figure 4, can blqck it while
simultaneously providing ventilations with pressure that exceeds 30 hPa}

h) |However, the means to limit airway pressure shall always permit the'generation an airwpy pressure
of atleast 30 hPa (30 cmH,0).

i) |Check conformance by inspection, inspection of the /FU and,with the following test.

1) Using a resuscitator which has not been operated (i.eyeither new or since being procgssed).
2) Separate the patient valve housing from the compressible unit to allow for connectigqn of a flow
source directly into the patient valve housing.

j) |Inactivate any means to limit airway pressure. Block any port other than the patient-ronnection
port and the maximum limited pressure exlraust port.

3) Connect the resuscitator to a flow:source of:
i)  151/min = 5 % for ideal body mass of less than or equal to 10 kg; or
ii) 60 1/min £ 5 % for_ideal body mass of greater than or equal to 10 kg allowjing all the
supplied flow to flow out of the patient-connection port.
NOTE 2 125 m¥(2 x 62,5) delivered in 0,5 sis 15 1/min.
NOTE 3 1.000 ml delivered in 1 s is 60 1/min.
4) Record_the’ pressure at the patient-connection port with a sampling rate of af| least 200
samples/s.
5) Abruptly occlude the patient-connection port for at least 5 s.
6)-, Average the patient-connection port pressure measurements following the occlusion.
i) The first 200 ms of measurements may be omitted.
7) Confirm that average measured inspiratory pressure for any 200 ms is less than maximum
limited pressure indicated in the IFU.
9 Additional requirements for resuscitator parts and accessories
9.1 General

All resuscitator parts and accessories shall conform with the requirements of this document,
whether they are produced by the manufacturer of the resuscitator or by another entity (“third-party
manufacturer”).
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Check conformance by the tests of this document.

9.2 Labelling

a)

or type reference of at least one compatible resuscitator.

b)

to the effect that:

resuscitator parts and accessories are validated for use with specific resuscitators;

The accompanying information provided with each resuscitator part or accessory shall include model

Statements shall be included in the accompanying information of each resuscitator part or accessory

1y
2) in
3) th

an

fompatible parts can result in degraded performance; and

b responsible organization is responsible for ensuring the compatibility of theyrestuscit
d all of the parts used to connect to the patient before use.

Check conformance by inspection of the accompanying information.

9.3 Brec

Any breath
resuscitato

a)
b)

ISO 23
ISO 23

Check con
ISO 23328-

Ithing system filters

ing system filter, either incorporated into the resuscitator or recommended for use with
I, shall conform with the relevant requirements of:

328-1:2003; and
328-2:2002.

formance by inspection of the IFU or application of the tests of ISO 23328-1:2003
2:2002.

9.4 Stand-alone gas mixer

Any stand-

1lone gas mixer recommended inthe 1FU shall conform with ISO 11195:2018.

Check conformance by inspection of thé\FU.

ssing requirements for a resuscitator and its accessories that are

able resuscitdtor and its reusable accessories shall be capable of withstanding, with
e or deterigration of safety provisions or performance:

b cleaning and disinfection processes as specified in the IFU; and

e cleaning and sterilization processes as specified in the IFU.

htor

the

and

out

during the expected lifetime of the resuscitator and its accessories.

The manufacturer shall evaluate the effects of multiple processing cycles as indicated in the IFU

Gas pathways through the resuscitator and its accessories that can become contaminated with body

fluids or by contaminants carried by expired gases during normal condition or single fault condition

e designed to allow dismantling:

1) for cleaning and disinfection; or

10 Proce
reusable
a) A reus
damag
1) th
2) th
b)
c)
shall b
40
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2) for cleaning and sterilization.

Processing instructions for the gas pathways of the resuscitator and its accessories that can become
contaminated shall:

1) conform with ISO 17664-1:2021 and ISO 14937:2009; and
2) bedisclosed in the [FU.

The user accessible surfaces of the resuscitator and its accessories shall be designed to allow for
surface cleaning and disinfection to reduce to acceptable levels the risk of cross infection of the next

)

g)

11

b)

c)
Che

patient-or-tser
Processing instructions for the user accessible surfaces of the resuscitator and its aceessdries shall:
1) conform with ISO 17664-2:2021 and ISO 14937:2009; and
2) bedisclosed in the IFU.

Check conformance by the following.

1) Perform the processing for the number of cycles and with the’ methods indicated |in the IFU,
including any cooling or drying period.

2) Confirm that the resuscitator and its accessories confarnrto Clause 7 and Clause 8.

3) Confirm that the manufacturer has evaluated the\effects of multiple processing cycles and the
effectiveness of those cycles.

4) If multiple processing methods are specified in the IFU, a separate resuscitator samjple may be
used for each processing method specified'in the IFU.

Biocompatibility

A resuscitator and its accessories intended to come into direct with the patient shall bg evaluated
for biocompatibility for surface contact in accordance with 1ISO 10993-1:2018.

The manufacturer of a re§uscitator and its accessories shall address in the risk managemient process
the risks associated with

1) theleaching erleaking of substances into the gas pathway; and

2) subsequent'to exposure to any substances (e.g. volatile anaesthetic agents or medidations) the
leaching‘or leaking of substances into the gas pathway.

The gasipathways shall be evaluated for biocompatibility in accordance with ISO 18562-1:2017.

wheéreapprepriateapplicationoflS01099312008 |

12
a)

b)

ck_conformance by inspection of the risk management file, application of ISO 18562-1:2017 and

Usability

A resuscitator and its accessories shall designed using the usability engineering process of
[EC 62366-1:2015+AMD1:2020.

For a resuscitator and its accessories, the following shall be considered primary operating functions:

1) for other than single use resuscitators, processing the resuscitator and its accessories between
patient uses;

2) choosing and connection of the detachable parts to the resuscitator;
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3) choosing and configuring the detachable parts and resuscitator to create the intended tidal
volume;

4) choosing and configuring the detachable parts and resuscitator to create the intended delivered
oxygen concentration; and

5) emergency cleaning of vomitus.
c) The following functions, if available, also shall be considered primary operating functions:

1) setting the user-adjustable controls;

2) en|gaging the means to limit airway pressure;

3) disengaging the means to limit airway pressure;

4) observing the state of the means to limit airway pressure; and

5) copfiguring the detachable parts to create the intended pressure.

Check conformance by inspection of the usability engineering file.
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Annex A
(informative)

Particular guidance and rationale

General cuidance.
-

Thi
wh
An

pre

A.2

Thd
sub

Thd
sub

FCITEITT T I C©

are familiar with the subject of this document but who have not participated in lits de

bent requirements will facilitate any revision of this document necessitatedby those dev

Rationale for particular clauses and subclauses

following are rationales for specific clauses and subclause‘in this document, with
clause numbers parallel to those in the body of the document:

clauses and subclauses in this annex have been so ftumbered to correspond to the g
clauses in this document to which they refer. The numbering is, therefore, not consecutiv

4.5 - Testing errors

When testing resuscitator performance, several of the test parameters cannot be measuy
a significant degree of measurement uncertainty due to limitations of the accuracy t
achieved, particularly when measuring:volumes by the integration of rapidly changing f

Because of the relative significanceof these uncertainties, it is important that manufact|
for them when declaring parameter accuracy.

Similarly, it is important fora third-party tester to recognize the significance of the und
their own measuremeritsWhen testing to this document.

In practice, this ndeans that, for example, if a manufacturer determines that a paramg
intended tolerafieg of +10 %, but the measurement uncertainty is 3 %, then the test
acceptable if,‘given the uncertainty band for the measured value, the probability of thg
values beingwithin the limit is at least 50 %. In almost all cases, measurement uncert
symmetfical distribution, and the 50 % likelihood criterion is met if the measured valu
the disclosed limit, in this example, within £10 % of the setting. If a third party is tes
doc€ument, they also need to include measurement uncertainty in their testing. The {

testing organization needs to control measurement uncertainty to the same as that di

5 Annex provides rationale for the important requirements of this document and is intendg

inderstanding of the reasons for the main requirements is considered to be essential fo1
application. Furthermore, as clinical practice and technology change, it is believed'that ratio

d for those
velopment.

its proper
hale for the
elopments.

clause and

lauses and
e

ed without
hat can be
OWS.

Lirers allow

ertainty in

ter has an
results are
measured
hinty has a
e is within
[ing to this
hird-party
sclosed for

type testing, In this example 5 %.

Note that a third party testing organization obtaining a measured value outside the

limit does

not necessarily invalidate the claim - the deviation from the limit is required to be compared to

the uncertainty of the measurement to establish the probability of the data represen
deviation from specification.

See IEC Guide 115 for more information regarding measurement uncertainty:.

ting a true

Furthermore, the manufacturer is required to disclose the measurement uncertainty for each

declared value in order to provide both information to the responsible organization and

guidance

for a third-party tester as to the needed measurement accuracy when testing to this document
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4.6.2 - Operating conditions
g)4)

During the test, normal operation of the resuscitator will enrich the ambient oxygen inside the
environmental chamber if the gas output is in the environmental chamber. An external air source
can be needed to compensate for this enrichment and monitoring of the oxygen concentration
inside the chamber can be needed.

4.6.4 - Expected lifetime

Use of H ator-orrapatientcanbetor-as 7 catratsoatr
conditjons extend over many hours. Intermittent ventilatory support of a ventilator-dependgent
patient can accumulate to several hours of use. As a worst case, a single patient use reSuscitgitor
should be fatigue tested for at least 24 h of accumulated use without a resuscitator failure cauging
it not tp meet its specifications.

A reuspble resuscitator should be tested for 24 h plus 1 h more for each processingeycle specifield in
the IFY.

EXAMHLE A resuscitator specified for 20 processing cycles should be fatigue-tested for 44 h of use.
The additional hours should be applied at the end of the processing lifé.
Table 1

The respiratory settings for neonates (B < 2,5 kg and 2,5 kg\<'B < 5 kg) each consist of two rgws.
The fiyst of these rows reflect the initial one to twenty yentilations of the newborn child, where
the lungs are initially liquid-filled, and the functional reSidual capacity is not yet established. While
the se¢ond of these rows reflect the conditions after\establishment of lung capacity and the later
neonatal.

During this transition the lung volume, and<thus its compliance, increases for each breath. [The
requirpment for the compliance of 0,5 ml/hPa reflecting the initial ventilations derives from a
balange achieved between data from ah.observational study of more than 800 near-term/term
neonafes being ventilated with user-powered resuscitators and showing compliance around 0,3 ml/
hPa in|near-term and term infants‘at birth[28] and commercially available test lungs which cpme
with cpmpliance adjustments nd_léss than 0,5 ml/hPa.

The r¢quirement for the (minimum guaranteed tidal volume of 10 ml is a little lower than
recommended by clinical-guidelines for neonates following initial recovery (i.e. 4 ml/kg to 6 ml/
kg)[22]l and is also lewer than seen in the observational study.[28] The requirement reflgcts
the limitations of thetest set up with a rigid compliance vessel having a constant volume (and
compliance), as opposed to the infant lung where the lung volume increases for each of the injtial
given breaths~The requirement takes into account the maximum possible tidal volume that cap be
delivered by-atypical resuscitator before the means to limit airway pressure is activated, as well as
considprations regarding requirements of the previous edition of this document(Z],

The compliance chosen for large infants, children and adults of 10 ml/hPa and 20 ml/hPa does not
challenge the rigid test lung as does the small infant set up. The required minimum guaranteed
tidal volume for these ideal body weights reflect worst-case scenarios when compared to clinical
guidelines that recommend tidal volumes of 6 ml/kg to 7 ml/kgl33! for adults and 5 ml/kg to 8 ml/
kg for children(33],

The breath set rates reflect the worst-case use situation where the resuscitator is challenged with
regard to recoil and tidal volume. For comparison, current clinical guidelines for resuscitation
recommend ventilation at 10 breaths/min in adults,[341(33] (12 to 24) breaths/min according to
age normal values in children with return of spontaneous circulation,[32] and 30 breaths/min in
neonates.[3¢] Further, the previously mentioned 800 neonatal patient observational study showed
an average ventilation rate of 50 breaths/min for establishment of functional residual capacity at
birthl28],
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— 6.3 - Expiratory port connector for breathing gases

The exhaust connection described is that used for connection to PEEP accessories or the transfer
tubes of anaesthetic gas scavenging systems. It is essential that breathing system conical connectors
are not compatible with this port. It is also important that the exhaust port be designed such that it

cannot be confused with the inspiratory port during use of the resuscitator.

6.6 - Bag refill valve connector

The size of the bag refill valve connector is chosen to prevent the accidental fitting of demand valves

with manual controls.

6.7 - Oxygen inlet connection

Whilst there are many anecdotal reports of misconnections, published evidence of serioy

s incidents

is scarce. Many clinicians openly admit that misconnections are commonplace’but go yinreported

either because the mistake was rectified in time or because serious harni-did not aris
event. Discussions with authorities having jurisdiction reveal that commonplace but
serious events are not reported because users consider them as normalevents.

In the risk assessment of the gas pathways of a resuscitator, it cdmbe summarised tha
fundamentally three main routes of delivery to the body: intfavascular, enteral and 1
Some medical devices are intended to be connected to ong of-these routes depending
application or function. Misconnections, which result in the\delivery of a substance inap
to the body, create risks to the patient.

The assessment of the risk associated with the inadvertent cross connection between f{
systems identifies the application of respiratory’ gases to the delivery route intery
“immediate fatal risk to patient”.

Considering usability, a review of the role\of usability in accident areas such as aviati

e from the
potentially

k there are
espiratory.
upon their
bropriately

hese three
ascular as

bn, nuclear

power and marine transportation exists.[26] The review makes the point that all hunjan beings,

without any exceptions whatsoevery make use errors and that such use errors are a

normal and an expected part of hiiman cognitive function. The review goes on to say

many accidents are regarded as’human error (which is synonymous with use error)
party can often be someone.else, for example the trainer, the equipment designer, the
purchaser etc. Well-designed equipment can prevent or at least ameliorate the effects d
The review states that ¢rie must expect users to misconnect devices which are pro
compatible connectors, and recognise that the potential for misconnection rises as the
devices with similarconnectors increases.

Considering farther that medical devices have for very many years followed the establishe
of safety under single fault condition, which means that a single fault condition should not

unacceptable risk. This principle is also embodied in IEC 60601 family of standards. Ext
principleto the application of Luer connectors is a logical step (i.e. that misconnection
result in an unacceptable risk).

completely
that whilst
the guilty
equipment
f use error.
vided with
number of

d principle
Fesult in an
bnding this
should not

nnections
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which have serious, or even fatal, consequences for the patient. Fundamentally, the problem results
from the application of a single connector design to several incompatible applications.

Claims of a lack of recorded misconnection occurrence indicate a lack of understanding risk and
usability. It's known that most of the actual occurrences are recorded not as medical device failures
and if anything, are seen as wrong route of delivery issues - not as misconnections. Human beings
without exceptions make errors. We therefore expect operators to misconnect medical devices that
are provided with compatible connectors. The safety concept of the ISO 80369 series is based on the
principle that the different applications protect each other by an inherent design of the connectors
dedicated to their field of application (i.e. the safety concept of the ISO 80369 series is to prevent
users from misconnecting medical devices of different applications).
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7.1 - Dismantling and reassembly

Wrongly assembling a resuscitator so that it causes incorrect operation or complete malfunction is
a serious hazard which can result in inadequate ventilation of the patient.

7.2 - Resuscitator performance after contamination with vomitus

It is important that vomitus can be quickly and effectively cleared from a resuscitator so that
resuscitation can be continued with a minimum of interruption.

7.3 - Mechanical strength

It is important that resuscitators can withstand severe shock caused by falls from ambulaxnices,
hospithl beds, etc.

7.4 -Resistance to separation from an axial load

Single pse resuscitators need to be stronger than reusable resuscitators because;paramedics treat
them roughly and they break, rather than disconnecting into pieces.

7.5 - Immersion in water

Resuscjtators are often used in areas where the resuscitator might belinadvertently dropped |nto
water fluring the resuscitation. If the resuscitator is recovered quickly from the water, it should ptill

functi]rn
7.6 - Bag refill valve

It is inperative that a demand valve with manual contrels’'is not accidentally substituted for a|bag
refill vialve. Such valves are capable of high gas flows that can cause resuscitator patient valvds to
jam.

8.1 -Delivered oxygen concentration

Although 35 % (V/V) oxygen concentration is adequate, under some circumstances 85 % (VY/V)
or hig‘ixer oxygen concentrations are preferable for the treatment of severely hypoxaemic patignts
during resuscitation. This concentration should be achievable at supplementary oxygen flowfs of
15 1/min or less because to specifygreater than 15 1/min would exceed the normal calibration of
standqrd, clinically used flowmeters for adult use and could potentially lead to inaccurate conr;rol
of oxygen flows and jamming,of the patient valve in the inspiratory position.

For a rlewborn infant thatis not breathing, an initial oxygen concentration in the range of 21 % to
30 % ip recommendedyOxygen concentrations above 65 % delivered to a preterm infant can cquse
severe|harm.

Table 2 — Example test conditions for spontaneous breathing ventilatory performance

A resugcitator’s valves might not move to their intended positions at very low inspiratory flowrgtes.
During spontaneous breathing, ambient air can inadvertently be drawn in from the exhaust Hort,
thereby diluting the delivered oxygen concentration. The intent of the lower tidal volumes and higher
inspiratory times in Table 2 is to test delivered oxygen concentration while the flowrate is low.

8.2 - Expiratory resistance

To facilitate exhalation, expiratory resistance should be minimized unless there are special clinical
indications to impose such resistance.

8.3 - Inspiratory resistance

The design of a resuscitator should be such that it is possible for the patient to breathe spontaneously
without excessive subatmospheric pressure when the resuscitator is applied to the patient’s airway
but is not activated by the user.
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8.4 - Gas source excessive flow

The subclause was intentionally included to ensure the resuscitator does not create excessive PEEP
if connected to a pressurized gas source that delivers an inappropriately large gas flowrate.

The use of a resuscitator with supplementary oxygen flow is common. The gas source often is a
flowmeter attached to either a pressurized oxygen cylinder or a medical gas pipeline terminal
unit. It is reasonably foreseeable that the resuscitator is connected to a flowmeter with an
inappropriately high setting. An oxygen flowrate of 15 1/min is common and appropriate. A fully
open flowmeter can deliver flowrates in excess of 30 I/min. The test is used to determine that PEEP
does not increase inappropriately under these conditions. The worst case for this situation is when

small volumes are being delivered. Therefore, the test is performed with the settingscl
the row from Table 1 with the smallest intended minimum guaranteed tidal volume.

Valve malfunction or jamming in the inspiratory position at a high supplementary o
can lead to failure of the resuscitator and transmission of excessive presstires to t
Resuscitators are commonly used at oxygen input flows of 15 1/min, butflowmeter
be capable of permitting flows of over 30 1/min. It is essential to follow the [FU and 1
attachments recommended for use with the resuscitator.

8.5 - Resuscitator deadspace
[t is essential to minimize apparatus deadspace in order to limit rebreathing of expired

Self-inflating bag resuscitators include patient valves with 'a one-way valve that chann
expired gases to the expiratory port. The inner volumebetween the end of the patient-por
and the one-way valve in its functional sealing position, is dead-space that is ventilated
patient’s lungs, but is supplemented with freshxinput gas (i.e. user-set mixture of oxyg
when the compressible unit is squeezed. The deadspace should be minimized but cannot]

nosen from

xygen flow
he patient.
valves can
o use only

pases.

bls patient-
t connector
back to the
bn and air)
be smaller

than the space required by the inner lumewof the patient-connection port and for accommodating

the one-way valve.

Flow-inflating bag resuscitators dolnot have a one-way valve that channels expire
a dedicated exhaust port. Instead;.they have an open orifice that bleeds out excessive
the compressible unit has been ‘refilled with a mixture of patient-expired gas and inpy
The concentration of carbohn, dioxide and oxygen in the flow-inflating bag resuscitatd
dependent on the user’s s¢tting of input gas flow, input gas oxygen concentration, the del
volume and the patient<expired gas volume. Flow-inflating bag resuscitators are primar
specialist healthcaré users within healthcare facilities, and the patient is typically ma

1 gases to
gas when
t gas flow.
r is highly
vered tidal
ily used by
nitored by

pulse oximetry to€nsure that ventilation is effective. The operation and settings thaft influence

the flow-inflating bag resuscitator’s performance regarding rebreathing, is subject
judgement by the competent user, and cannot be specified by this document.

If a flow<inflating bag resuscitator does not have dedicated means to channel expired gas
the comipressible unit, the IFU of a flow-inflating bag resuscitator, is required to include a
thé.effect of: WARNING - Incorrect use of this device can lead to excessive patient rebrd

to clinical

away from
warning to
athing and

death.

The test fixture and methods specified in the previous edition of this document are considered
ineffective for several reasons. The measurement uncertainty associated with the test method
specified in the previous edition was unacceptably large even with state-of-the-art measurement
equipment. This is especially true for resuscitators intended for use with low ideal body mass
patients where expanded measurement uncertainty from the measurement equipment alone would
be close to 50 % of the allowed resuscitator deadspace. In addition, variation of bag compression
technique from person to person and choice of one-way valves can impact the test results.

Furthermore, the test method of the previous edition favours resuscitators with large forward
leakage, since the oxygen is diluted more by the forward leakage air flow in such resuscitators,
which leads to lower values of the estimated deadspace.
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8.6.1 - Minimum guaranteed tidal volume (V) — one hand

For adult ventilation a typical tidal volume is approximately 600 ml. The compliances and resistances
listed in Table 1 are representative of those found in adults and children needing resuscitation.
The tidal volume requirements of 15 ml/kg are higher than normal and are commonly used during
resuscitation to allow for leakage between the face mask and the patient’s face. The ventilatory
settings are typical values used in paediatric and adult resuscitation.

Experience shows that, due to leaks and changing compliance during resuscitation of neonates,
tidal volumes of the order of 20 ml to 30 ml are needed to achieve a tidal volume of 20 ml or less.

8.6.2 { Minimum guaranteed tidal volume for B < 2,5Kg

For pileterm resuscitation it is important for the tidal volume to be delivered with\limfted
compression. This ensures that there is not excessive forward leakage in the resuscitator theieby
ensuripg that the patient can be ventilated. Some resuscitators currently on the market at the ime
of the writing of this document have clinically unacceptable forward leakagel36l.

8.6.3 4 Maximum deliverable tidal volume — two hands

When |ventilating a patient, the delivered tidal volume can be severelyreduced due to leakajes,
larly in cases with low lung compliance or high airway résistance. Activation of|the
resuscitator’s pressure release system can bleed gas to ambient inorder to limit the gas presspre,
while face mask ventilation is associated with risk of significant l€akages. Resuscitators should Have
excess|volume capacity to enable users to compensate for such leakages. The user can, depending on
the sitpiation, use either one hand or two hands to squeeze the.bag.

Since
there
lung

he compliance and resistance experienced by the“resuscitator would be less severe when
re such simultaneous leakages, the maximum delivered tidal volume is measured with a ftest
ith less severe compliance and resistance settings, as defined in Table 2.

The miinimum guaranteed tidal volume (tested under conservative test lung settings with [one
hand) jand the maximum deliverable tidal-volume (tested with test lung settings which are njore
compliant, with one or two hands) are required to be disclosed in the IFU.

8.6.4 1 Maximum limited pressure

Experience with infant resuscitation suggests that a maximum inspiratory pressure of 45 hPa
(45 cmH,0) will not produce lung damage and will permit adequate tidal volumes in most patipnts
weighing under 10 kg.

A spedific maximum Jiniited pressure is not specified for user-powered resuscitators designated for
use wikh patients weighing over 10 kg. However, it is essential that resuscitators with such systgms
satisfy|the minimum guaranteed tidal volume requirements specified in this document (see Table 1)
withoyt disabling the means to limit airway pressure. When airway pressure is limited to bdlow
60 hPq (60 e¢niH,0), the committee considers that the means to limit airway pressure is essentigl in
order foventilate those patients with low lung compliance or high airway resistance.

Resuscitators with a maximum limited pressure less than 30 hPa (30 cmH,0) might not be able
to deliver adequate volume to children with a body weight below 10 kg in case of high airway
resistance or reduced lung compliance.

A resuscitator’s maximum limited protection device is typically designed using a spring-loaded valve
which opens and closes at a threshold pressure, and bleeds off gas as the mechanism for limiting
pressure. The maximum limited pressure observed during ventilations would be comprised of the
threshold pressure plus the effect of flow resistance through the valve. This flow resistance can
typically be approximately constant but at some point, progressively increases with increasing flow
through the valve. Abrupt ventilations that cause high bleed flow through the valve’s mechanism
can therefore cause higher valve flow resistance and therefore higher airway pressure. Abrupt
compression is considered abnormal use since users are trained to properly, slowly squeeze the
compressible unit.

© IS0 2023 - All rights reserved


https://standardsiso.com/api/?name=2a31ebdf7c4a6127b38b61c1bdde0c95

Annex B
(informative)

ISO 10651-4:2023(E)

Guide to marking and labelling requirements for resuscitators and

their accessories

B.]I Marking on the outside of the resuscitator and its accessories

The
Add
sub
fou

nd in Annex C.

Table B.1 — Marking on the outside of the resuscitator-and its accessories

requirements for marking on the outside of a resuscitator and its accessories are foyind in 5.2.
itional requirements for marking on the outside of a resuscitator and its accessories are fpund in the
clauses listed in Table B.1. Symbols used in marking the outside of resuscitqtopand its acc¢ssories are

Description of marking Subclause

For]a fixed value maximum limited pressure protection device, the neminal |8.6.4 c)

makimum limited pressure in cmH,0 or hPa

Forla resuscitator intended for the magnetic resonance (MR),enwironment, |5.2b) 1)

MR]safe, if applicable

Forla resuscitator intended for the magnetic resonance (MR) environment, |5.2b) 2)
MR|conditional, if applicable

Forla resuscitator not intended for the magnetic resonance (MR) environ- |5.2 c)

meht, MR unsafe, if applicable

Int¢nded patient ideal body mass range in [kg] 5.2a)

Mote restricted range of environmental‘coriditions of operation 4.6.2 c) 2)

Mote restricted range of environmental transport and storage conditions |4.6.1 b) 2)

betjween uses

Mote restricted range of environmental transport and storage conditions |4.6.1 b) 3)

betjween uses labelled on the peint of use packaging

Requirements of ISO 20417 5.1a)

B.2 Accompanying information of the resuscitator and its accessories
Additionalrequirements for the accompanying information of a resuscitator and its accessories are found

int

he subeclauses listed in Table B.2.

ed for use with specific resuscitators

Description of requirement Subclause
For a resuscitator part or accessory, at least model or type reference of at 9.2 a)
least one compatible resuscitator
Form of accompanying information is readily available 5.1b)
Requirements of [SO 20417 5.1a)
Statement to the affect that incompatible parts can result in degraded 9.2 b) 2)
performance
Statement to the affect that resuscitator parts and accessories are validat- |9.2 b) 1)
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Table B.2 (continued)

Description of requirement

Subclause

Statement to the affect that the responsible organization is responsible for
ensuring the compatibility of the resuscitator and all of the parts used to
connect to the patient before use

\O

2b) 3)

B.3 Instructions for use of the resuscitator and its accessories

The requirements for the instructions for use of a resuscitator and its accessories are found in 5.3.

Additional[requirements Tor the instructions for use of a resuscitator and its accessories are foundin]

subclauses|listed in Table B.3.

Table B.3 — Instructions for use of the resuscitator and its accessories

the

Description of requirement Subclause
Any reuse ljmitation of the accessories 4.6.4d)2)
Any reuse lllmitation of the resuscitator 4.6.4d)1)
Effects of t‘1e oxygen source flowrate on the delivered oxygen concentration |8.1.1 b).3)
Effects of the rated range of input oxygen concentration on the delivered 8.15Ub) 2)
oxygen congentration
Expected lifetime of the accessories 4.6.4 c) 2)
Expected lifetime of the resuscitator 4.64¢c)1)
For a fixed falue maximum limited pressure protection device, the acouracy |8.6.4 c) 2)
of nominal yalue of the maximum limited pressure
For a flow-inflating bag resuscitator, a warning statement to:the effect 5.30)
that “WARINING - Incorrect use of this device can lead to_excessive patient
rebreathing and death".
For a reusaple resuscitator and its reusable accessories, processing instruc- |10 a)
tions for gds pathways
For a self-injflating bag resuscitator, the deadspace 5.3e)1)
For a self-ifjflating bag resuscitator, the expiratory resistance and test 5.3€)2)
flowrate
For a self-iffflating bag resuscitator-the’inspiratory resistance and test 5.3¢€)3)
flowrate
For self-inflating bag resuscitator, the resuscitator’s configuration and set- |8.1.1 a) 1)
tings for achieving 85 5 ox¥gen concentration
Guidance r¢garding usesinrhazardous or explosive atmospheres, including a | 5.3 g)
warning to|the effectthat if the resuscitator entrains or permits the patient
to inhale ggs fromthe atmosphere, its use in contaminated environments
can be hazgrdoetistunless entrainment is prevented
Instructions for the removal of vomitus from the resuscitator and its acces- |7.2 a)
sories during emergency use
Intended patient ideal body mass range in [kg] 5.3d)
Intended user needs to be trained in resuscitation 5.3a)
List of user-replaceable parts 5.3f)
Maximum limited pressure in normal condition 8.6.4b)
Maximum limited pressure in single fault condition 8.6.4d) 2)
Medicinal or biological substances considered in the evaluation of material |7.7 b)
compatibility of the resuscitator
Minimum tidal volume using one hand 8.6.1b)
Minimum tidal volume using two hands 8.6.3
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Description of requirement

Subclause

Processing instructions for the user accessible surfaces of the resuscitator
and its accessories

Rated range of input oxygen source concentration

Requirements of ISO 20417

Shelf-life

Specifications for the accessories recommended in the IFU

il b £ 4l e
Spt CITICAUIUIIS TUT LIIC 7ESUSCItuctor

Table of correcting values, If readings or performance vary over the range
of gnvironmental conditions of operation

Wafning statement to the effect that “WARNING: Avoid using an oxygen
corjcentration more than that which is clinically required by the patient.
Delfivering excessive oxygen can increase the risk of oxygen toxicity e.g.
pulnonary damage, retinopathy of prematurity.”

Wafning statement to the effect that “WARNING: Do not lubricate fittings,
cornections, tubing, or other accessories of the resuscitator to avoid the
risk of fire and burns.”

(6]
—
—

Wafning statement to the effect that “WARNING: Open flames during
resfiscitation with oxygen are dangerous and are likely to result infixe or
dedth. Do not allow open flames or sparks within 2 m of the resusgitator or
anq oxygen-carrying accessories.”

‘5“
o
=

potentially infectious. Breathing filters can reduce but neteliminate con-

W?:Fning statement to the effect that “WARNING: Patient expired gas is
ta

ination risk".

w
=
=

Wafning statement to the effect that “WARNING: Té/avoid the risk of baro-
trafima, do not override the mechanical pressure-elief unless it clinically
justified. Care needs to be taken to immediatelyrestore the pressure relief
funiction after the clinical need is resolved,*

w
—-
—

Wafning statement to the effect that “WARNING: To avoid the risk of baro-
trafima, do not use abrupt and forceful compressions unless it is clinically
justified because they can cause high airway pressures.”

5.3j)

Wafning statement to the effect that “WARNING: Use the correct size
resfiscitator for the ideal body.mass of the patient to avoid the risk of hy-
poventilation or barotrauma.”

‘U‘l
[O8]
=

Where marking is notpracticable, the more restricted range of environ-
meftal transport and storage conditions between uses

4.6.1¢c)2)1)

Where marking.isnot practicable, the more restricted range of environ-
mehtal conditions of operation

4.6.2 ¢) 2) 1)

B.4 cTechnical description of the resuscitator and its accessories

Additional requirements for the technical description of a resuscitator and its accessories are found in

the subclauses listed in Table B.4.

Table B.4 — Technical description of the resuscitator and its accessories

Description of requirement Subclause
Disclosure of the measurement uncertainty for each disclosed tolerance 4.5¢)
Requirements of [SO 20417 5.1a)
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Annex C
(informative)

Symbols on marking

Symbols are frequently used on medical devices in preference to words with the intention of obviating

language
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restricted
of the first
document.

Consistent
and gener:

In Table C.1,
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of this docfiment.

.........

Table C.1 — Symbols on marking
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space. New and improved symbols and safety signs have been introduced since the publication
edition of ISO 10651-4. This Annex summarizes the symbols and safety signs specified'in this

use of these symbols and safety signs in all fields of use (e.g. medical, consumer prodycts,
1l transportation) will help users to become familiar with their meaning,) Conversely, [any
inconsistemt use will lead to confusion and mistakes and jeopardize safety.

the symbol graphic and title are provided for information for the €etivenience of the readers

No

Symbol

Reference

Title and description

ISO 7000-0533

Symbol 5.3.6
[SO 15223-1:2021

IEC/TR 60878:2015

Upper limit of temperature

To identify the maximum temperature litpit.
The temperature value may be shown adja-
cent to the symbol.

NOTE Indicates the upper limit of tempjer-
ature to which the medical device can be
safely exposed. The upper limit of tempeta-

ture shall be indicated adjacent to the upper
horizontal line.

[S0~7000-0534

Symbol 5.3.5
[SO 15223-1:2021

IEC/TR 60878:2015

Lower limit of temperature

To identify the minimum temperature limit.
The temperature value may be shown adja-
cent to the symbol.

NOTE Indicates the lower limit of temppr-
ature to which the medical device can be
safely exposed. The lower limit of temper
ture shall be indicated adjacent to the lower
horizontal line.

Q

ISO 7000-0632

Temperature limit

Symbol 5.3.7
[SO 15223-1:2021

IEC/TR 60878:2015

To identify the temperature limits, for
example on transport packaging to indicate
limits within which the package has to be
kept and handled. The temperature values
may be shown adjacent to the symbol.

NOTE Indicates the temperature limits

to which the medical device can be safely
exposed. The upper and lower limits of tem-
perature shall be indicated adjacent to the
upper and lower horizontal lines.
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