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Foreword

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical

Commission) form the specialized system for worldwide standardization. National bodies

that are

members of ISO or IEC participate in the development of International Standards through technical
committees established by the respective organization to deal with particular fields of technical activity.

The procedures used to develop this document and those intended for its furthepymdinten
déscribed in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needd
different types of document should be noted. This document was drafted in, accordance
edlitorial rules of the ISO/IEC Directives, Part2 (see www.iso.org/directi

ISO and IEC technical committees collaborate in fields of mutual interest. Other international
saRizatieon goverimentar—an R OoH—goverimerita HHat A H#H 3 0—t3 I'til‘lthe

ance are
d for the
with the
ves or

www.iec.ch/members experts/refdocs).

Attention is drawn to the possibility that some of the elements of this. document may be the s
patent rights. ISO and IEC shall not be held responsible for identifying any or all such pate
Dptails of any patent rights identified during the development of the document will b
Introduction and/or on the ISO list of patent declarations reeeived (see www.iso.org/patent

ubject of
nt rights.
e in the
s) or the

IHC list of patent declarations received (see https://patentsiec.ch).

Any trade name used in this document is information<given for the convenience of users and
cqnstitute an endorsement.

For an explanation of the voluntary nature>pf standards, the meaning of ISO specific teg
expressions related to conformity assessment, as well as information about ISO's adheren
World Trade Organization (WTO) principles in the Technical Barriers to Trade (T
www.iso.org/iso/foreword.html. In theTEC, see www.iec.ch/understanding-standards.

This document was prepared jointly by Technical Committee ISO/TC 121, Anaesthetic and ré
equipment, Subcommittee SG3," Respiratory devices and related equipment used for patient
Technical Committee IEG/TC 62, Medical equipment, software, and systems, Subcommittee
Particular medical equipment, software, and systems, in collaboration with the European Comn

a¢cordance with the,Agreement on technical cooperation between ISO and CEN (Vienna Agreer

This third edition cancels and replaces the second edition (ISO 80601-2-12:2020), which
tdchnically.revised.

The main changes are as follows:

does not

rms and
e to the
BT) see

spiratory
rare, and
SC 62D,
nittee for

Standardization (CENJ)-Technical Committee CEN/TC 215, Respiratory and anaesthetic equipment, in

hent).

has been

— alignment with IEC 60601-1:2005+AMD1:2012+AMD2:2020, IEC 60601-1-2:2014+AMD1:2020

IEC 60601-1-6:2010+AMD1:2013+AMD2:2020 and IEC 60601-1-8:2006+AMD1:2012+AMD

2:2020.

— added requirements for the display legibility for operators wearing personal protective equipment;

— added requirements for display during calibration of gas monitors;
— clarified maximum limited pressure requirements;
— clarified high airway pressure alarm condition requirements;

— added requirements for ventilator system recovery;
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— added requirements and definitions for cybersecurity; and

— harmonization with ISO 20417, where appropriate.

Alist of all parts in the ISO and IEC 80601 series can be found on the ISO and IEC websites.

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 and www.iec.ch/national-
committees.
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Introduction

In referring to the structure of this document, the term

“clause” means one of the four numbered divisions within the table of contents, inclusive of all

subdivisions (e.g. Clause 201 includes subclauses 201.7, 201.8, etc.);

“cuhelanicn” ymaane A nuaaharad o
L>A~3 o - e

204+7—201+-8=and20+

iR

2 are all

A

A

R

an
Strotroaro T IO o ITTrorir 75 TITT

subclauses of Clause 201).

eferences to clauses within this document are preceded by the term “Clause” followed by t
hmber. References to subclauses within this document are by number only.

mbination of the conditions is true.

this document, the following verbal forms are used:
“shall” indicates a requirement;
“should” indicates a recommendation;
“may” indicates a permission;

"can" is used to describe a possibility or capability.
nnex C contains a guide to the marking andlabelling requirements in this document.
hnex D contains a summary of the symbols referenced in this document.

bquirements in this document have been decomposed so that each requirement is
tlineated. This is done to support automated requirements tracking.

he clause

this document, the conjunctive “or” is used as an “inclusive or” so a‘statement is tryie if any

uniquely
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Medical electrical equipment —

Part 2-12:
Particular requirements for basic safety and essential

C(

Pat 2]
Cl

Fat oh aaWalh L Walay a1 VaY
1UL 111dAd1ICC Ul Ll itildl La4dl \A>3 8}

01.1 Scope, object and related standards

C60601-1:2005+AMD1:2012+AMD2:2020, Clause 1 applies, except as follows:

PD1.1.1 Scope

eplacement:

DTE 1 There is guidance or rationale for this subclause contained in Clause AA.2.

nis document applies to the basic safety and essential performance of a critical care ven
mbination with its accessories, hereafter referred'to as ME equipment:

tilator in

intended for use in an environment thatprovides specialized care for patients whose conditions can

be life-threatening and who can wequire comprehensive care and constant monitor
professional healthcare facility;

NOTE 2 For the purposes of“this document, such an environment is referred to as a cri
environment. Ventilators forthis environment are considered life-sustaining.

NOTE 3 For the purpeses of this document, such a critical care ventilator can provide ventilati
transport within a-prefessional healthcare facility (i.e. be a transit-operable ventilator).

NOTE 4 A gritical care ventilator intended for use in transport within a professional healthcare fad
considered as an emergency medical services environment ventilator.

intended to be operated by a healthcare professional operator; and

ing in a

tical care

pn during

ility is not

intended for those patients who need differing levels of support from artificial ventilation

ncluding

for ventilator-dependent patients.

A critical care ventilator is not considered to use a physiologic closed-loop-control system unless it uses a
physiological patient variable to adjust the artificial ventilation therapy settings.

This document is also applicable to those accessories intended by their manufacturer to be connected to
a ventilator breathing system, or to a ventilator, where the characteristics of those accessories can affect
the basic safety or essential performance of the ventilator.

© IS0 2023 - All rights reserved
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NOTE 5 If a clause or subclause is specifically intended to be applicable to ME equipment only, or to ME systems
only, the title and content of that clause or subclause will say so. If that is not the case, the clause or subclause
applies both to ME equipment and to ME systems, as relevant.

Hazards inherent in the intended physiological function of ME equipment or ME systems within the
scope of this document are not covered by specific requirements in this document except in IEC 60601-
1:2005+AMD1:2012+AMD2:2020, 7.2.13 and 8.4.1.

NOTE 6 Additional information can be found in IEC 60601-1:2005+AMD1:2012+AMD2:2020, 4.2.

This docfiment is not applicable to ME equipment or an ME system operating in a ventilator-opefational
mode soltly intended for patients who are not dependent on artificial ventilation.

NOTE 7 |A critical care ventilator, when operating in such a ventilator-operational mode, is not ¢dnsidered life-
sustaining.

This dociment is not applicable to ME equipment that is intended solely to augment the ventilation pf
spontandously breathing patients within a professional healthcare facility.

This dociment does not specify the requirements for:
NOTE 8 [See ISO/TR 21954 for guidance on the selection of the appropriate ventilator for a given patient.
— ventilators or accessories intended for anaesthetic applications, which are given in ISO 80601-2-13;

— ventilators or accessories intended for the emergency medical services environment, which are givén
in ISP 80601-2-84;

— ventilators or accessories intended for. ventilator-dependent patients in the home healthcale
envifonment, which are given in ISO 80601-2-72;

— ventilators or accessories intended for home-care ventilatory support devices, which are given n
ISO 80601-2-79 and ISO 80601-2-80;

— obstructive sleep apnoea therapy ME equipment, which are given in ISO 80601-2-70;
— contlnuous positive airway pressure (CPAP) ME equipment.
— highifrequency Ventilators, which are given in ISO 80601-2-87;

NOTH9 ,Ascritical care ventilator can incorporate high-frequency jet or high-frequency oscillatofy
ventilator-eperational modes.

— respiratory high-flow therapy equipment, which are given in ISO 80601-2-90;

NOTE 10 A critical care ventilator can incorporate high-flow therapy operational mode, but such a mode is
only for spontaneously breathing patients.

— oxygen therapy constant flow ME equipment; and

— cuirass or “iron-lung” ventilation equipment.

2 © 1S0 2023 - All rights reserved
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201.1.2 Object
Replacement:

The object of this document is to establish basic safety and essential performance requirements for a
ventilator, as defined in 201.3.306, and its accessories.

Accessories are included because the combination of the ventilator and the accessories needs to be
adequately safe. Accessories can have a significant impact on the basic safety or essential performance of
a pentilator.

NPTE 1 This document has been prepared to address the relevant essential principlesi*2]_and” ldbelling[43]
guidances of the International Medical Devices Regulators Forum (IMDRF) as indicated in Annex CC.

NPTE 2 This document has been prepared to address the relevant essential principles of safety and pefformance
of| ISO 16142-1:2016 as indicated in Annex DD.

NPTE 3 This document has been prepared to address the relevant general safetypand performance reqpirements
of| European regulation (EU) 2017 /745.

2p1.1.3 Collateral standards
Amendment (add after existing text):

This document refers to those applicable collateral standards that are listed in Clause 2 of the general
standard and in 201.2 of this document.

NPTE  The general standard is IEC 60601-1:2005+AMD1:2012+AMD2:2020.

IHC 60601-1-2:2014+AMD1:2020, IEC 60601-1-6:2010+AMD1:2013+AMD2:2020 and
IHC 60601-1-8:2016+AMD1:2012+AMD2:2020 apply as modified in Clauses 202, 206 and 208
rgspectively.

I§C 60601-1-3, IEC 60601-1-9, IEC 60601-1-11 and IEC 60601-1-12 do not apply.

All other published-eollateral standards in the IEC 60601-1 series apply as published.

2D1.1.4 AParticular standards

Repldcement:

In the IEC 60601 series, particular standards may modify, replace or delete requirements contained in
the general standard, including the collateral standards, as appropriate for the particular ME equipment
under consideration, and may add other basic safety or essential performance requirements.

A requirement of a particular standard takes priority over IEC 60601-1:2005+AMD1:2012+AMD2:2020
or the collateral standards.

For brevity, IEC 60601-1:2005+AMD1:2012+AMD2:2020 is referred to in this document as the general
standard. Collateral standards are referred to by their document number.

© IS0 2023 - All rights reserved 3
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The numbering of clauses and subclauses of this document corresponds to those of the general
standard with the prefix “201” (e.g. 201.1 in this document addresses the content of Clause 1 of the
general standard) or applicable collateral standard with the prefix “2xx” where xx are the final digits of
the collateral standard document number (e.g. 202.4 in this document addresses the content of Clause 4
of the IEC 60601-1-2 collateral standard, 208.4 in this document addresses the content of Clause 4 of
the IEC 60601-1-8 collateral standard, etc.). The changes to the text of the general standard are
specified by the use of the following words:

“Replacement” means that the clause or subclause of IEC 60601-1:2005+AMD1:2012+AMD?2:2020 or
the applifable collateral standard is replaced completely by the text of this document.

“Additio)” means that the text of this document is additional to the requirements pf
IEC 6060/1-1:2005+AMD1:2012+AMD2:2020 or the applicable collateral standard.

“Amendrent” means that the clause or subclause of [EC 60601-1:2005+AMD1:2012+AMD2:2020 or the
applicable collateral standard is amended as indicated by the text of this document.

Subclausps, figures or tables that are additional to those of the general standard are numbered starting
from 201.101. However, due to the fact that definitions in the general ‘standard are numbered 3}1
through (3.154, additional definitions in this document are numbered beginning from 201.3.20]1.
Additiongl annexes are lettered AA, BB, etc.,, and additional items aa);bb), etc.

Subclausps or figures that are additional to those of a collateral'standard are numbered starting from
20%, whefre “x” is the number of the collateral standard, e.g. 202 for IEC 60601-1-2, 208 for [EC 60601-[-
8, etc.

The term “this document” is used to make reference‘to the general standard, any applicable collaterjal
standards and this particular document taken together.

Where there is no corresponding clause-'or~subclause in this document, the clause or subclause pf
[EC 606(011-1:2005+AMD1:2012+AMD2:2020 or the applicable collateral standard, although possibly
not relevant, applies without «modification; where it is intended that any part pf
IEC 606(011-1:2005+AMD1:2012+AMD2:2020 or the applicable collateral standard, although possibly
relevant,|is not to be applied, a statement to that effect is given in this particular document.

201.2 | Normative references

The follgwing 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 feferences, the latest edition of the referenced document (including any amendments) applieg.

ISO 32:1977, Gas cylinders for medical use — Marking for identification of content

ISO 3744:2010, Acoustics — Determination of sound power levels and sound energy levels of noise sources
using sound pressure — Engineering methods for an essentially free field over a reflecting plane

ISO 4871:1996, Acoustics — Declaration and verification of noise emission values of machinery and
equipment

[SO 5356-1:2015, Anaesthetic and respiratory equipment — Conical connectors — Part1: Cones and
sockets

4 © IS0 2023 - All rights reserved
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IS0 5359:2014+AMD1:2017, Anaesthetic and respiratory equipment — Low-pressure hose assemblies for
use with medical gases

IS0 5367:2014, Anaesthetic and respiratory equipment — Breathing sets and connectors

IS0 7396-1:2016+AMD1:2017, Medical gas pipeline systems — Part 1: Pipeline systems for compressed
medical gases and vacuum

1S09360-1:2000_Anaesthetic and respiratory equipment — Heat and _maoisture pyrhnngprc [I—VMEs) for
humidifying respired gases in humans — Part 1: HMEs for use with minimum tidal volumes of 25( ml

IS0 9360-2:2001, Anaesthetic and respiratory equipment — Heat and moisture exchangérs (HMEs) for
humidifying respired gases in humans — Part2: HMEs for use with tracheostomized patients having
minimum tidal volumes of 250 ml

IS0 14937:20009, Sterilization of health care products — General requirements for characterizqtion of a
sterilizing agent and the development, validation and routine control of a sterilization process fof medical

devices

[0 17664-1:2021, Processing of health care products — Informagtien to be provided by the medi¢al device
manufacturer for the processing of medical devices — Part 1;Critical and semi-critical medical davices

190 17664-2:2021, Processing of health care products <~Information to be provided by the medig¢al device
manufacturer for the processing of medical devices —Part 2: Non-critical medical devices

10 18562-1:2023, Biocompatibility evaluatiop:of breathing gas pathways in healthcare applidations —
Part 1: Evaluation and testing within a risk management process

190 20417:2021, Medical devices — Information to be supplied by the manufacturer

[0 23328-1:2003, Breathing system filters for anaesthetic and respiratory use — Part 1: Salt tegt method
td assess filtration performance

[0 23328-2:2002, Bréathing system filters for anaesthetic and respiratory use — Part 2: Non{filtration
ag§pects

IS0 80601-2-55:2018, Medical electrical equipment — Part 2-55: Particular requirements for [the basic
sqfety and.essential performance of respiratory gas monitors

[0 80601-2-74:2021, Medical electrical equipment — Part 2-74: Particular requirements for bdsic safety
apdessential performance of respiratory humidifying equipment

IEC 60068-2-27:2008, Environmental testing — Part 2-27: Tests — Test Ea and guidance: Shock

IEC 60068-2-31:2008, Environmental testing — Part 2-31: Tests — Test Ec: Rough handling shocks,
primarily for equipment-type specimens

IEC 60068-2-64:2008+AMD1:2019, Environmental testing — Part2-64: Tests — Test Fh: Vibration,
broadband random and guidance

[EC 60601-1:2005+AMD1:2012+AMD2:2020, Medical electrical equipment— Part1: General
requirements for basic safety and essential performance

© IS0 2023 - All rights reserved 5
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IEC 6167

IEC 6257

01-2-12:2023(E)

2-1:2013, Electroacoustics — Sound level meters — Part 1: Specifications

0:2014, Standard practice for marking medical devices and other items for safety in the magnetic

resonance environment

IEC Guide 115:2021, Application of uncertainty of measurement to conformance assessment activities in
the electrotechnical sector

201.3

For th
IEC 6060

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

— IS0 (
— IECH

201.3.2(
accompa
informat
for the ix
or access

Note 1 to

Note 2 to
descriptio

Note 3 to
auditory,

[SOURCE

201.3.202

acknowledged
state of gn alarm systém>initiated by operator action, where the auditory alarm signal associated with|a
currently active glagrm condition is inactivated until the alarm condition no longer exists or until|a

predeter

Note 1 to

I'erms and definitions

e purposes of this document, the terms and definitions given n
1-1:2005+AMD1:2012+AMD2:2020 and the following apply.

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

lectropedia: available at https://www.electropedia.org/

1

nying information
on accompanying or marked on a medical device or acgesSory for the user or those accountablle
)stallation, use, processing, maintenance, decommissioning and disposal of the medical devige
pry, particularly regarding safe use

entry: The accompanying information shall be regarded as part of the medical device or accessory.

entry: The accompanying information can gonsist of the label, marking, instructions for use, technidal
n, installation manual, quick reference guide; etc.

entry: Accompanying information is_hot necessarily a written or printed document but could involye
Uisual, or tactile materials and multiple media types (e.g., CD/DVD-ROM, USB stick, website).

:1S0 20417:2021, 3.2, modified — deleted note 4.]

mined time interval has elapsed

entry: Acknowledged only affects alarm signals that are active at the time of the operator action.

[SOURCE: IEC 60601-1-8:2006+AMD1:2012+AMD2:2020, 3.37]

201.3.203
airway device

device in

tended to provide a gas pathway to and from the patient’s airway

[SOURCE: I1SO 4135:2022, 3.8.1.2]

© IS0 2023 - All rights reserved
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201.3.204

airway pressure

Paw

pressure at the patient-connection port or at the distal outlet of the equipment where there is no patient-
connection port

Note 1 to entry: The airway pressure can be derived from pressure measurements made anywhere within the
equipment.

cf\"l‘\l“" A TaVa Nl I Nal il aWa¥a¥al Lo W] V. |
[HUUI\LD. DU T150.4VU244, 5.1.%.%1.1]

201.3.205

alarm condition delay
time from the occurrence of a triggering event either in the patient, for physiological aldrm conditions, or
in the equipment, for technical alarm conditions, to when the alarm system detérmines that pn alarm
cqndition exists

[JOURCE: IEC 60601-1-8:2006+AMD1:2012+AMD2:2020, 3.2]

201.3.206
alarm limit
thHreshold used by an alarm system to determine an alarm condition

[SOURCE: IEC 60601-1-8:2006+AMD1:2012+AMD2:2020,3.3]

201.3.207
alarm off
stiate of indefinite duration in which an alarm system or part of an alarm system does not generate alarm
signals

[JOURCE: IEC 60601-1-8:2006+AMD1:2032+AMD2:2020, 3.4]

201.3.208

alarm paused
stiate of limited duration in which the alarm system or part of the alarm system does not generate alarm
signals

[SOURCE: IEC 60601-1-8:2006+AMD1:2012+AMD2:2020, 3.5]

201.3.209

alarm setting

alarm system\configuration, including but not limited to:

- plarm limits;

- thecharacteristics of any alarm signal inactivation states; and

- thesvalues of variables or parameters that determine the function of the alarm system

Note 1 to entry: Some algorithmically-determined alarm settings can require time to be determined or re-
determined.

[SOURCE: IEC 60601-1-8:2006+AMD1:2012+AMD2:2020, 3.8]

201.3.210

artificial ventilation

intermittent elevation of the pressure in the patient's airway relative to that in the lungs by external
means with the intention of augmenting, or totally controlling, the ventilation of a patient

EXAMPLE Means used to provide artificial ventilation are manual resuscitation; mouth-to-mouth
resuscitation; automatic ventilation; mechanical ventilation.

© IS0 2023 - All rights reserved 7
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Note 1 to entry: Common classifications of areas of application of artificial ventilation are: emergency; transport;
home-care; anaesthesia; critical care; rehabilitation.

Note 2 to entry: Classifications used to denote means used for artificial ventilation include: positive-pressure;
negative-pressure; gas-powered; operator-powered; electrically-powered.

Note 3 to entry: Negative-pressure ventilation elevates the relative pressure in the airway by intermittently
lowering the pressure in the lungs.

[SOURCE: ISO 19223:2019, 3.1.10]

201.3.211

assured [inflation-type rate
number pf assured inflation-type initiations in a specified period of time, expressed as,breaths per
minute

[SOURCH: ISO 19223:2019, 3.5.2.1, modified — deleted notes.]

201.3.212
attack
attempt fo destroy, expose, alter, disable, steal or gain unauthorized access-to or make unauthorized use
of an ass¢t

state of indefinite duration in which the alarm system.or part of the alarm system does not generate gn
auditory|alarm signal

[SOURCH: IEC 60601-1-8:2006+AMD1:2012+AMD2:2020, 3.12]

201.3.214

audio pdused
state of limited duration in which the'alarm system or part of the alarm system does not generate gn
auditory|alarm signal

[SOURCHE: IEC 60601-1-8:2006+AMD1:2012+AMD2:2020, 3.13]
201.3.215
BAP

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

[SOURCE: 1S@ 19223:2019, 3.10.2, modified — deleted notes.]

201.3.216
bias flow
flow that passes through the ventilator breathing system to the exhaust port but is not intended to
contribute to the work of lung ventilation

[SOURCE: ISO 19223:2019, 3.7.7, modified — deleted notes.]

201.3.217
biocompatibility
ability to be in contact with a living system without producing an unacceptable adverse effect

Note 1 to entry: A medical devices or accessory may produce some level of adverse effect, but that level may be
determined to be acceptable when considering the benefits provided by the medical device or accessory.
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[SOURCE: ISO 18562-1:2023, 3.6]

201.3.218

body temperature and pressure saturated

BTPS

ambient atmospheric pressure, at a temperature of 37 °C, and a relative humidity of 100 %

[SOURCE: 1SO 4135:2022, 3.1.1.7]

201.3.219
breathing system
p

nithways through which gas flows to or from the patient at respiratory pressures and continfiously or
ntermittently in fluid communication with the patient’s respiratory tract during any form of|artificial
ventilation or respiratory therapy

—

[JOURCE: ISO 4135:2022, 3.6.1.1, modified — deleted notes.]

201.3.220

breathing system filter

BSF

device intended to reduce transmission of particulates, including microorganisms, in breathing|systems

—
(@)

OURCE: ISO 23328-2:2002, 3.1]

201.3.221
cleaning
removal of contaminants to the extent necessary forfurther processing or for intended use

Npte 1 to entry: Cleaning consists of the removal of adherent soil (e.g. blood, protein substances, and othler debris)
frpm the surfaces, crevices, serrations, joints and\lumens of a medical device by a manual or automated process
thiat prepares the items for safe handling or futther processing.

—

SOURCE: ISO 17664-2:2021, 3.1, modified — replaced 'and/or" with 'or'.]

201.3.222
communicator
COM

fynction of the alarm-system that generates alarm signals to notify an operator (e.g. to the presence of an
alarm condition)

Npte 1 to entryA-<cOmmunicator can receive an operator response.

Npte 2 to.entry: An operator response is not limited to direct operator action.

—

JOURCE: IEC 60601-1-8:2006+AMD1:2012+AMD2:2020, 3.46, modified — deleted note 3.]

201.3.223
connector
fitting to join two or more components

EXAMPLE  Connectors for low-pressure hose assembly are any of a range of mating components intended to
maintain gas specificity by the allocation of a set of different diameters to the mating connectors for each
particular gas.

[SOURCE: ISO 4135:2022, 3.1.4.5]
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201.3.224

continuous flow

gas flowing continuously through the ventilator breathing system, with a proportion intermittently
passing to the patient's lung whenever the airway pressure is raised by the ventilator or an operator
action, or flow is demanded by a patient's inspiratory effort

[SOURCE: ISO 19223:2019, 3.7.8, modified — deleted notes.]

201.3.225

CPAP

continu(lus positive airway pressure

ventilatid
ataseta

[SOURCE

201.3.22
cyberse(
state wh
disclosuy
confiden

[SOURCE

201.3.272
A inspirs
different

Note 1 to
by qualifi

Note 2 to
expressed
types and
vocabular
that conv
respiratoy
used to i
higher, ba
These pre

Note 3 to
applies to

n-mode or sleep-apnoea breathing-therapy mode in which the patient breathes continuously
rway-pressure level, above ambient pressure

:1S0 19223:2019, 3.11.15, modified — deleted notes.]

6

urity
bre information and systems are protected from unauthorized actiyities, such as access, ude,
e, disruption, modification, or destruction to a degree that the trelated risks to violation pf
fiality, integrity, and availability are maintained at an acceptable level throughout the life cyclg

1%

:IEC 81001-5-1, 3.30]

7
itory pressure
al airway pressure relative to baseline airway pressure during an inflation phase

bntry: In addition to its direct reference, this termior an appropriate symbol may be used, in context pr
ation, to designate this concept as a set quantity or a measured quantity.

entry: There is currently no agreed conVention as to whether an inspiratory pressure is always to be
as an absolute quantity relative to@mbient pressure or an absolute quantity for one group of inflatiop-
relative for another. This has unacceptable patient-safety implications that need to be addressed inf a
y of lung ventilation. The symbal; A, is currently sometimes used as a prefix to make this distinction, and
bntion has been adopted &S arequirement in this document. Without a prefix, or any other indicatign,
y pressures are alwaysto be considered to be relative to ambient pressure. The addition of a A prefix,|is
dicates a pressure«that is relative to the set BAP level. In ventilation-modes where there is a secorld,
seline airway pressure, then the prefix for a pressure relative to that higher-pressure level becomes AH.
fixes are applicable to relevant terms, symbols and displayed values but not to inflation-types.

entry: The'sum of the set BAP level and the 4 inspiratory pressure equals the inspiratory pressure. This
both séttings and measurements of this parameter.

[SOURCE:TSU 1922372019, 3.6.7, modilfied — deleted note 4.]

201.3.228

disinfection

process to inactivate viable microorganisms to a level previously specified as being appropriate for a
defined purpose

[SOURCE: ISO 17664-2:2021, 3.5]

10
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201.3.229

distributed alarm system

DAS

alarm system that involves more than one item of equipment of a ME system intended for delivery of
alarm conditions with technical confirmation

Note 1 to entry: The parts of a distributed alarm system can be widely separated in distance.

Note 2 to entry: A distributed alarm system is intended to notify operators of the existence of an alarm condition.

Npte 3 to entry: For the purposes of this document, technical confirmation means that each element of a
distributed alarm system confirms or guarantees the successful delivery of the alarm condition to-the hext element
ol appropriate technical alarm conditions are created as described in
IHC 60601-1-8:2006+AMD1:2012+AMD2:2020, 6.11.2.2.1.

[JOURCE: IEC 60601-1-8:2006+AMD1:2012+AMD2:2020, 3.17]

201.3.230

distributed information system about alarm conditions
D

S

S
{stem that involves more than one item of equipment in a ME system intended to provide infprmation
about alarm conditions but does not guarantee delivery of thatinformation

Npte 1 to entry: A distributed information system about alarm.gonditions is not intended to notify operagors of the
efistence of an alarm condition as a risk control measure. A<distributed information system about alarm fonditions
is|intended to provide information about an alarm condition while the operator is aware of the existehce of the
alprm condition by an alarm system.

Npte 2 to entry: A distributed information system-about alarm conditions is not intended for confirmed delivery of
alprm conditions.

[SOURCE: IEC 60601-1-8:2006+AMD1:2012+AMD2:2020, 3.48]

201.3.231

emergency intake
dedicated gas intake port:through which gas is drawn when the supply of fresh gas or inflating gas is
insufficient or absent

—

JOURCE: ISO 413572022, 3.4.2.3]

201.3.232

E]gs environment

emergency medical services environment
a¢ttial conditions and settings, in which operators interact with the ME equipment or ME system, in and
around the scene of an emergency outside of a professional healthcare facility where a patient can be
given medical care, basic or advanced life support as well as during professional transport to a
professional healthcare facility or between professional healthcare facilities

EXAMPLE 1 Responding to and providing life support at the scene of an emergency to a patient reported as
experiencing injury or illness in a pre-hospital setting, and transporting the patient, while continuing such life
support care, to an appropriate professional healthcare facility for further care.

EXAMPLE 2 Providing monitoring, treatment or diagnosis during transport between professional healthcare
facilities.
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Note 1 to entry: For the purposes of this standard, use of equipment intended for the EMS environment and
temporarily used in the home healthcare environment by emergency medical personnel is considered use in the
EMS environment.

Note 2 to entry: For the purposes of this standard, the operators of equipment intended for the EMS environment
are presumed to be professional medical personnel or personnel with relevant specialized training.

Note 3 to entry: Professional healthcare facilities include hospitals, physician offices, freestanding surgical centres,
dental offices, freestanding birthing centres, limited care facilities, first aid rooms or rescue rooms and multiple

treatmen{ facilities.
Note 4 to pntry: Emergency medical services are known by various names in different countries and regions:
Note 5 to pntry: For the purposes of this standard, transport includes road, rotary and fixed-wing ambulances.

[SOURCH: IEC 60601-1-12:2014+AMD1:2020, 3.1]

201.3.233
end-expiratory flow
expiratony flow at the point of initiation of an inflation or an inspiration

[SOURCH: ISO 19223:2019, 3.7.6, modified — deleted notes.]

201.3.234

essential function
function |or capability that is required to maintain basicsafety, essential performance, a minimum pf
clinical functionality as specified by the manufacturer, and operational availability for the medidal
device

Note 1 to pntry: Essential functions include, but are not limited to, the safety instrumented function (basic safdty
and essential performance), the control function'and the availability of urgently needed functions and sug
allowing [the operator to view and manipulate the medical device safely with the most urgently need¢
performance (operational availability). The loss of essential function is commonly termed loss of protection, loss fof
control arjd loss of view respectively.

Note 2 to pntry: The term is derived-from IEC 62443-4-2:2019, 3.1.20, and has been refined for the purpose and
scope of this document.

[SOURCE: IEC/TR 60601-4-5:2021, 3.10]

201.3.235
essentiaLprinciples

essentia] principles of safety and performance
fundameptal high-level requirements that when complied with ensure a medical device is safe and
performs as intended

[SOURCE: ISO 16142-1:2016, 3.3]

201.3.236

exhaust port

port of the medical equipment or device from which gas is discharged to the atmosphere during normal
use, either directly or via an anaesthetic gas scavenging system

[SOURCE: IS0 19223:2019, 3.14.2]
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201.3.237
expiratory pause
portion of the expiratory phase from the end of expiratory flow to the start of inspiratory flow

[SOURCE: IS0 19223:2019, 3.4.4, modified — deleted notes.]

201.3.238
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.]

201.3.239

false positive alarm condition
presence of an alarm condition when no valid triggering event has occurred 7in the patient, the
equipment or the alarm system

Npte 1 to entry: A false positive alarm condition can be caused by spurious information produced by the patient,
thie patient-equipment interface, other equipment or the alarm system itself.

[JOURCE: IEC 60601-1-8:2006+AMD1:2012+AMD2:2020, 3.21}

201.3.240
firecall
method established to provide emergency access to a se¢ure medical device

Npte 1 to entry: In an emergency situation, unprivileged-users can gain access to key systems to correct the
poblem. When a firecall is used, there is usually a review process to ensure that the access was used properly to
cqrrect a problem. These methods generally either provide a one-time use user identifier (ID) or| one-time
pdssword or other suitable measures.

Npte 2 to entry: Also referred to as "breakglass" feature.

[SOURCE: IEC/TR 60601-4-5:2021, 3.11]

201.3.241

flow-direction-sensitive .component
component or accessory through which gas flow has to be in one direction only for proper fupctioning
oY patient safety

[SOURCE: 1SO4135:2022, 3.1.4.15]

201.3.242
friesh:gas
rdspirable gas delivered to a ventilator breathing system

[SOURCE: ISO 4135:2022, 3.1.1.16, modified — Added ‘ventilator’ and deleted notes.]

201.3.243
gas intake port
port through which gas is drawn for use by the patient

Note 1 to entry: Gas is drawn at a sub-ambient pressure at a gas intake port, in apposition to an inlet, at which gas
is provided by a medical gas supply system.

[SOURCE: ISO 4135:2022, 3.1.4.21]
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201.3.244

gas output port

port of the ventilator through which gas is delivered at respiratory pressures to an operator-detachable
part of the ventilator breathing system

[SOURCE: ISO 19223:2019, 3.14.3]

201.3.245

gas pathway
interior
ports th
or the inf

ough which gases or liquids enter and leave the medical device including the patient interfa
erior surfaces of enclosures that are in contact with gases or liquids that can be inspired

fe

Note 1 to pntry: Patient contact surfaces such as the outer surfaces of a tracheal tube or the cushionjofla mask aye
evaluated|according to the ISO 10993 series.

EXAMPLH1 The ventilator breathing system, inlet filter, gas mixer, blower and internal piping.

EXAMPLH 2 Enclosed chamber of an incubator including the mattress or the inner surface of an oxygen hood,
EXAMPLH 3 The inner surfaces of breathing tubes, tracheal tubes or masks and mrouthpieces.

[SOURCE: ISO 18562-1:2023, 3.11

201.3.246

gas retufn port
port of the ventilator through which gas is returned at respiratory pressures through an operator-
detachablle part of the ventilator breathing system, from the patient-connection port

[SOURCE: ISO 19223:2019, 3.14.4]

201.3.247

healthcare professional
<adj> appropriately trained, knowledgeable, and skilled, providing systematic preventive, curatiy
promotigqnal or rehabilitative healthcare services

o

201.3.248

heat and moisture exchanger
HME
device inftended to retaifi“a’ portion of the patient's expired moisture and heat, and return it to the
respiratdry tract duringinspiration

[SOURCH: ISO 9360-1:2000, 3.1]

201.3.249
high-presstire inlet
inlet to which gas is supplied at a pressure exceeding 100 kPa above ambient

Note 1 to entry: The phrases ‘low-pressure’ and ‘high-pressure’ are used differently in various contexts, including
breathing system pressures (typically less than 10 kPa), terminal outlet pressures (less than 600 kPa), manifold
pressures (typically up to 3 000 kPa) and cylinder pressures (typically less than 30 000 kPa).

[SOURCE: ISO 4135:2022, 3.1.4.24]
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201.3.250

home healthcare environment

dwelling place in which a patient lives or other places where patients are present, excluding professional
healthcare facility environments where operators with medical training are continually available when
patients are present

EXAMPLE In a car, bus, train, boat or plane, in a wheelchair or walking outdoors.

Note 1 to entry: Professional healthcare facilities include hospitals, physician offices, freestanding surgical centres,

dental offices ﬁ'PPq‘randing hirthing centres, limited care facilities, first aid rooms or rescue rooms, multiple

treatment facilities and emergency medical services.

Npte 2 to entry: For the purpose of this collateral standard, nursing homes are considered home healthcare
enfvironments.

Npte 3 to entry: Other places where a patient is present include the outdoor enviropment, while working and in
vehicles.

[SJOURCE: IEC 60601-1-11:2015+AMD1:2020, 3.1]

201.3.251

htimidifier

d¢vice that adds water in the form of droplets or vapour, op-both, to the inspired gas
N

m

bte 1 to entry: This term includes vaporising, bubble-through and ultrasonic humidifiers and active| heat and
pisture exchangers.

[SJOURCE: 1SO 4135:2022, 3.7.2.1]

201.3.252
I:E ratio
rdtio of the inspiratory time to the expiratory time in a respiratory cycle

[SOURCE: IS0 19223:2019, 3.4.19, modified — deleted notes.]

201.3.253
immunity
tHe ability of ME equipment or an ME system to perform without degradation in the presemnce of an
electromagnetic disturbance

[SOURCE: IE€,60601-1-2:2014+AMD1:2020, 3.8]

201.3.254
inflation
ventilator action intended to increase the volume of gas in the lungs by the application of an Elevated-
pressure waveform to the patient-connection port until a specified termination criterion is met

[SOURCE: IS0 19223:2019, 3.3.1, modified — deleted notes.]

201.3.255

inflation phase

interval from the start of the rise in airway pressure resulting from the initiation of an inflation to the
start of the expiratory flow resulting from its termination

[SOURCE: IS0 19223:2019, 3.4.10, modified — deleted notes.]
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201.3.256
inflation-type
inflation characterized by its temporal delivery pattern following initiation, and its termination criteria

[SOURCE

:1S0 19223:2019, 3.3.2, modified — deleted notes.]

201.3.257
information for safety
information provided to the user or responsible organization as a risk control measure

EXAMPLE

EXAMPLE

EXAMPLE

1 Warnings, precautions or contraindications.
2 Instructions for use of a medical device to prevent use error or avoid a hazardous situation

3 Explanation of a safety feature of a medical device.

Note 1 tp entry: Information for safety may be found in any or all types of information. supplied by t

manufact
Note 2 to

[SOURCE

201.3.25
informa
informat
provided

Note 1 to
manufact

Note 2 to
from info
suppleme

Note 3 to

irer.
entry: Information for safety can be located on the display of a medical device or accessory.

:1S0 20417:2021, 3.9]

8

fion supplied by the manufacturer

on related to the identification and use of a medicalydevice or accessory, in whatever for
intended to ensure the safe and effective use of thegmedical device or accessory

entry: For the purposes of this document, e-documentation is included in information supplied by t|
irer.

entry: For the purposes of this document, shipping documents and promotional material are exclud
'mation supplied by the manufacturer.\Hoéwever, some authorities having jurisdiction can consider su
htal information as information supplied by the manufacturer.

entry: The primary purpose(ofjinformation supplied by the manufacturer is to identify the medical devi

~

e

m

e

ol
Ch

ce
e

and its manufacturer, and provide essential information about its safety, performance and appropriate use to t
user or other relevant persons,

[SOURCH: ISO 20417:2021, 3.10, modified — deleted note 4.]

201.3.239

inlet

opening through which gas or other material is pushed by an elevated upstream pressure

[SOURCE. 15041352622 31426, modified—deleted uutc.]

201.3.260

inspiratory pause
interval from the end of inspiratory flow to the start of expiratory flow within a respiratory cycle

[SOURCE: IS0 19223:2019, 3.4.12, modified — deleted notes.]

201.3.261
inspiratory time

t
duration

16

of an inflation phase or inspiratory phase
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[SOURCE: IS0 19223:2019, 3.4.8, modified — deleted notes.]

201.3.262

inspiratory volume

Vinsp

volume of gas delivered through the patient-connection port during an inspiratory phase or inflation
phase

[SOURCE: IS0 19223:2019, 3.8.3, modified — deleted notes.]

201.3.263
instructions for use
I§U

portion of the accompanying information that is essential for the safe and effective luse of 4 medical
d¢vice or accessory directed to the user of the medical device

Npte 1 to entry: For the purposes of this document, a user can be either a lay user or professional juser with
rdlevant specialized training.

Npte 2 to entry: For the purposes of this document, instructions for the prafessional processing between uses of a
mjedical device or accessory can be included in the instructions for use.

Npte 3 to entry: For the purposes of this document, informationfindicated on a graphical user interfade (GUI) is
cqnsidered as appearing on the item.

Npte 4 to entry: The instructions for use, or portions thereof, can be located on the display of a medical device or
adcessory.

Npte 5 to entry: Medical devices or accessories that can be used safely and effectively without instructigns for use
arle exempted from having instructions for use By some authorities having jurisdiction.

[JOURCE: ISO 20417:2021, 3.11, modified — deleted note 6.]

201.3.264

intelligent alarm system
alarm system that makes logical decisions based on monitored information without |operator
ifftervention

EXAMPLE 1 An-glarm system that changes priority based on the rate of change of a monitored variable.

EXAMPLE 2 An alarm system that suppresses an alarm condition when a related alarm condition|of higher
ptiority hasrrecently generated an alarm signal.

[SOURCE: IEC 60601-1-8:2006+AMD1:2012+AMD2:2020, 3.24]

201.3.265

latching alarm signal

alarm signal that continues to be generated after its triggering event no longer exists until stopped by
deliberate operator action

[SOURCE: IEC 60601-1-8:2006+AMD1:2012+AMD2:2020, 3.26]

201.3.266

low-pressure hose assembly

assembly consisting of a flexible hose with permanently attached gas-specific inlet and outlet connectors
and designed to conduct a medical gas at pressures less than 1 400 kPa
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Note 1 to entry: The phrases ‘low-pressure’ and ‘high-pressure’ are used differently in various contexts, including
breathing system pressures (typically less than 10 kPa), terminal outlet pressures (less than 1 400 kPa), manifold

pressures

[SOURCE:

(typically up to 3 000 kPa) and cylinder pressures (typically less than 30 000 kPa).

ISO 4135:2022, 3.2.3.1]

201.3.267

lung

each of the palr of compllant organs w1th1n the rlbcage (thorax) bounded by the termmal bronchlole

and the
the gas t¢

[SOURCH:

201.3.24
marking
informat
device oj

Note 1 to pntry: For the purposes of this document, the term marked is used to desigmate the corresponding act.

Note 2 to
described|
marking.

[SOURCH:

201.3.24
mask
device wj
portor o

[SOURCH:

201.3.27%
maximu
Plim,max

highest a

[SOURCH:

201.3.27%
maximu

PW max

pass into the blood and carbon dioxide to be removed

IS0 19223:2019, 3.1.16, modified — deleted notes.]
8
on, in text or graphical format, durably affixed, printed, etched (or equivalent) to a medid

accessory

entry: For the purposes of this document, marking is different/from ‘direct marking’ as common
in unique device identification (UDI) standards and regulations: ‘A UDI ‘direct marking’ is a type

ISO 20417:2021, 3.16, modified — deleted note 3¢}
9
hich provides a non-invasive interface between the patient’s airway and a patient-connectiq
ther connection to a source of respirable’gas
ISO 4135:2022, 3.8.6.4]
0
n limited pressure
irway pressure that-can occur during normal use or under single fault condition
IS0 19223;2019, 3.13.3, modified — deleted notes.]
1

n working pressure

ly
of

n

highest qirway pressure that can be generated by the ventilator during intended use and norm

al

condition

[SOURCE:

IS0 19223:2019, 3.13.4, modified — deleted notes.]

201.3.272
medical gas pipeline system
combination of a supply system, a monitoring and alarm system and a pipeline distribution system with

terminal

[SOURCE:

18

units for provision of medical gases or vacuum

ISO 4135:2022, 3.2.1.1]
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201.3.273
minimum limited pressure

lim,min
lowest airway pressure that can occur during normal use or under single fault condition

Note 1 to entry: The minimum limited pressure can be subatmospheric.

[SOURCE: ISO 4135:2022, 3.1.4.41.4]

2013274
njonitoring equipment

equipment or part that measures and indicates the value of a variable to the operator

Npte 1 to entry: Monitoring equipment includes devices that are not electrical in operation; stch as d pressure
gduge.

Npte 2 to entry: The value can be displayed continually or intermittently.

Npte 3 to entry: The monitoring equipment can be primarily intended for détection of an alarm condition or for
external communication.

[JOURCE: ISO 4135:2022, 3.11.1.3, modified —replaced "userwith "operator".]

201.3.275

operator interface

means by which the operator and the ME equipment.interact
N

bte 1 to entry: The accompanying documents are cofisidered part of the ME equipment and its operator mterface.

Npte 2 to entry: Operator interface includes (all the elements of the ME equipment with which thg operator
irIleracts including the physical aspects of\the ME equipment as well as visual, auditory, tactile displays pnd is not
imited to a software interface.

Npte 3 to entry: For the purposes'of this standard, the manufacturer may treat the combination of ME ¢quipment
and other equipment as a single bperator interface.

Npte 4 to entry: See IEG-62366-1:2015+AMD1:2020, 3.26.

[SJOURCE: IEC 60601-1-6:2010+AMD2:2020, 3.1]

201.3.276
operator’s position
intended position of the operator with respect to the alarm signal generating part of the alarm gystem

1 3] ] k1 RIS | L o
NJLE 1 LOCIIULY. A antrioutca drarrrrsysterrr CAall Iidve IITUIUpPIC operaior S posSILIOTES.

[SOURCE: IEC 60601-1-8:2006+AMD1:2012+AMD?2:2020, 3.30]

201.3.277
outlet
opening through which gas leaves a device or component

[SOURCE: 1SO 4135:2022, 3.1.4.40]

201.3.278
patient-connection port
port of a breathing system intended for connection to an airway device
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Note 1 to entry: The patient-connection port is the end of the breathing system proximal to the patient.

Note 2 to entry: The patient-connection port is typically a connector suitable for connection to an airway device
such as a tracheal tube, tracheostomy tube, face mask or supralaryngeal airway.

Note 3 to entry: Current product standards typically specify that the patient-connection port is required to be in
the form of specific standardized connectors, for example, a connector conforming to 1ISO 5356-1.

[SOURCE: ISO 4135:2022, 3.1.4.41, modified —deleted note 4.]

201.3.279
PEEP
positive lend-expiratory pressure

<actual and measured value> respiratory pressure at the end of an expiratory phase

[SOURCH: IS0 19223:2019, 3.10.4, modified — deleted notes.]

201.3.280
physioldgical alarm condition
alarm condition arising from a monitored patient-related variable

EXAMPLH 1 High exhaled anaesthetic agent concentration.
EXAMPLH 2 Low exhaled tidal volume.

EXAMPLH 3 Low oxygen saturation measured by pulse oximetry
EXAMPLH 4 High arterial pressure.

EXAMPLH5 High heart rate.

[SOURCH: IEC 60601-1-8:2006+AMD1:2012+AMD2:2020, 3.31]

201.3.281

physioldgic closed-loop control system
part of ME equipment or ME system:ised to adjust a physiologic variable (y) relative to a commard
variable (c) using a feedback variable (f)

[SOURCH: IEC 60601-1-10:2007+AMD2:2020, 3.19]

201.3.282
pressure-control
inflation4type thatacts to generate a constant inspiratory pressure at a set level, after a set rise time

[SOURCE: ISO\¥9223:2019, 3.3.4, modified — deleted notes.]

201.3.283
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.

[SOURCE: IEC 62366-1:2015+AMD1:2020, 3.11]
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201.3.284

processing

<preparation of medical device, accessory> activity to prepare a new or used medical device and
accessory for its intended use

[SOURCE: ISO 20417:2021, 3.20]

201.3.285
professional healthcare facility

f i]ify thatis rnnfinn:\”y staffed hy cnifnh]y trained heglthcare prnjfoccinnnl nparnf'nrc

EXAMPLE Hospitals, physician offices, freestanding surgical centres, dental offices, freestanding birthing
cqntres, limited care facilities, first aid rooms or rescue rooms, multiple treatment facilities|and gmergency
miedical services

Npte 1 to entry: There is guidance or rationale for this definition contained in Clause AA.2,

201.3.286

protection device
part or function of ME equipment that, without intervention by the operator, protects the patjent from
hazardous output due to incorrect delivery of energy or substances

201.3.287

respiratory cycle
cgmplete sequence of respiratory events that leads to. an increase, followed by a correfponding
dé¢crease, of gas volume in the lung regardless of how it\is generated

[JOURCE: ISO 19223:2019, 3.4.16, modified — deleted notes.]

201.3.288

security level
level corresponding to the required sét of countermeasures and inherent cybersecurity properties of
de¢vices and systems for a zone or conduit based on assessment of risk for the zone or conduit

[SOURCE: IEC/TR 60601-4-5:2021, 3.23]

201.3.289
s¢trate

nyumber of assured inflations that are set to occur in a specified period of time, expressed as brgaths per
minute

[JOURCE: 1S0~19223:2019, 3.5.1.1, modified — deleted notes and examples.]

201.3.290

single use
<Eedical device, accessory> intended by the manufacturer to be used on an individual patient or

specimen during a single procedure and then disposed of

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

[SOURCE: ISO 20417:2021, 3.26]

201.3.291

software item

any identifiable part of a computer program, i.e., source code, object code, control code, control data, or
a collection of these items
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Note 1 to entry: Three terms identify the software decomposition. the top level is the software system. The lowest
level that is not further decomposed is the software unit. All levels of composition, including the top and bottom
levels, can be called software items. A software system, then, is composed of one or more software items, and each
software item is composed of one or more software units or decomposable software items. The responsibility is left
to the manufacturer to provide the definition and granularity of the software items and software units.

[SOURCE: IEC 62304:2006+AMD1:2015, 3.25, modified — deleted note 2.]

201.3.292

spontanfous breath rate
total number of spontaneous breaths initiated in a specified period of time, expressed as breaths per
minute

[SOURCH: IS0 19223:2019, 3.5.1.3, modified — deleted notes.]

201.3.293

standard temperature and pressure dry
STPD
pressure|of 101,325 kPa at a temperature of 20 °C, dry

[SOURCH: ISO 4135:2022, 3.1.1.8]

201.3.294
sterile
free fron] viable microorganisms

[SOURCE: ISO 20417:2021, 3.28]

201.3.295
sterilization
process used to render product free from viable hiicroorganisms

Note 1 tolentry: In a sterilization process, the mature of microbial inactivation is exponential and thus the survival
of a micrqorganism on an individual item can be expressed in terms of probability. While this probability can be
reduced tp a very low number, it can neyet be reduced to zero.

[SOURCE: ISO 17664-1:2021,3,17]

201.3.296

suction ¢atheter
flexible thbe designedfor introduction into the respiratory tract or an airway device to remove materigal
by suction

[SOURCE: ISQ 8836:2019, 3.17]

201.3.297

symbol

graphical representation appearing on the label or associated documentation of a medical device that
communicates characteristic information without the need for the supplier or receiver of the
information to have knowledge of the language of a particular nation or people

Note 1 to entry: The symbol can be an abstract pictorial or a graphical representation, or one that uses familiar
objects, including alphanumeric characters (with sufficient justification).

[SOURCE: I1SO 20417:2021, 3.29]
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201.3.298

system recovery

method for fault handling via an automatic restart of PESS for parts of the ME equipment o
complete ME equipment

Note 1 to entry: There is guidance or rationale for this definition contained in Clause AA.2.

201.3.299
technical alarm condition

ol —— £ e | . R R | L R h R | L i |
amrnrconatrtiomn ar LI ITUHD 4 HTTUIHITUTCU TYUIPIIICHUTTIALCW UL UIdurirr SySeeri-Icidicd vdlldbDItc

EXAMPLE 1 An electrical, mechanical or other failure.

EXAMPLE 2 A failure of a sensor or component (unsafe voltage, high impedance, signal. impedancg
no¢isy signal, disconnection, calibration error, tubing obstruction, etc.).

EXAMPLE 3 An algorithm that cannot classify or resolve the available data.
[JOURCE: IEC 60601-1-8:2006+AMD1:2012+AMD2:2020, 3.36]

201.3.300

technical description
portion of the accompanying information directed to the respdnsible organization and service |}
thHat is essential for preparation for the first use and safe’ use, maintenance or repair as
processing, transport or storage for the expected service life of a medical device

Npte 1 to entry: The technical description may be included/in the instructions for use.

[JOURCE: ISO 20417:2021, 3.30, modified — replaced 'expected lifetime' with 'expected servic
d¢leted note 2.]

201.3.301

tidal volume
Vi
volume of gas that enters and leaves the lung during a breath

[SOURCE: ISO 19223:2019,3.8.1, modified — deleted notes.]

201.3.302
total respiratoryrate
number of respiratory cycles in a specified period of time, expressed as breaths per minute

[SJOURCE;4S0 19223:2019, 3.5.1.2, modified — deleted notes.]

201.3.303

r for the

, artefact,

bersonnel
well as

b life' and

tijansit-operable

<adj> term referring to transportable equipment whose intended use includes operation while it is

being moved

EXAMPLE Transportable ME equipment that is body-worn, hand-held, attached to a wheelchair, or used in a

car, bus, train, boat or plane.

Note 1 to entry: For the purpose of this standard, transit-operable use in the home healthcare environment can

include use indoors, outdoors and in vehicles.

[SOURCE: IEC 60601-1-11:2015+AMD1:2020, 3.4]
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201.3.304
validation
confirmation, through the provision of objective evidence, that specified requirements have been

fulfilled

Note 1 to entry: The objective evidence needed for a validation is the result of a test or other form of determination
such as performing alternative calculations or reviewing documents.

Note 2 to entry: The word “validated” is used to designate the corresponding status.

Note 3 to

[SOURCE

201.3.3(

ventilation-mode

specified
[SOURCH

201.3.3(

ventilatIr

medical
[SOURCE

201.3.30

ventilatgr breathing system

VBS
pathway
through

Note 1 to
being ope

Note 2 to
the ventilq
being red

[SOURCE

entry: The use conditions for validation can be real or simulated.

:1S0 9000:2015, 3.8.13]
5

manner in which a ventilator performs its ventilatory function when connected to a patient
:1S0 19223:2019, 3.11.2, modified — deleted notes.]

6

evice or medical electrical equipment intended to provide artificial ventilation
:1S0 19223:2019, 3.1.1, modified — deleted notes.]

7

5 through which gas flows to or from the patient at respiratory pressures, bounded by the poyrt
which respirable gas enters, the patient*connection port and the gas exhaust port

entry: These pathways typically extend'within and outside the body of the ventilator, with those outsigle
rator-detachable.

entry: The port of entry ofsa reSpirable gas into the ventilator breathing system can be inside the body jof
tor and should not be ¢onfised with an external connection port into which respirable gas enters befofe
iced to respirable préssures.

:1S0 1922342019, 3.1.18, modified — deleted notes 3 and 4.]

201.3.3(

way in

ventila‘f;F' operational-mode

8

ich\a'ventilator is set to operate

EXAMPLE

Standby; calibration; ventilator breathing system check; start-up procedure.

Note 1 to entry: NIV (non-invasive ventilation) also becomes an operational mode if it is selectable as an option.

Note 2 to entry: In the absence of the selection of a specific alternative operational mode(s), when ventilation is
started, typically after a ventilator setup routine, a ventilator will commence ventilation using its intended
ventilation-mode and as configured by the operator’s settings and selections.

[SOURCE: IS0 19223:2019, 3.11.1, modified — deleted note 3.]

24

© IS0 2023 - All rights reserved


https://standardsiso.com/api/?name=de8f4da83c6c691a28914206628835bd

ISO 80601-2-12:2023(E)

201.3.309
ventilator-dependent

<patient> dependent upon artificial ventilation in order to prevent serious deterioration of health or
death

Note 1 to entry: A ventilator-dependent patient cannot breathe well enough to maintain life-sustaining levels of
oxygen and carbon dioxide in the blood.

EXAMPLE Patients with Duchenne muscular dystrophy or other degenerative disease resulting in their
ugsupported respiratory effort being insufficient tosustaim tife:

—

JOURCE: ISO 4135:2022, 3.1.5.19]

201.3.310

volume-control
infflation-type that generates inspiratory flow to a selected flow-waveform, for a-set inspiratory-time, or
until the set volume has been delivered

[JOURCE: IS0 19223:2019, 3.3.3, modified — deleted notes.]

201.4 General requirements
IHC 60601-1:2005+AMD1:2012+AMD2:2020, Clause 4 applies, except as follows:

Adldition:

2P1.4.3.101 Additional requirements for essential performance

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

Additional essential performance requirements are found in the subclauses listed in Table 201.101.
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Table 201.101 — Distributed essential performance requirements

Requirement Subclause

Delivery of ventilation at the patient-connection port within the alarm limits a
set by the operator

or generation of an alarm condition

oxygen level 201.12.4.101
CHEW - PFESSHIE 2043124306
disconnection 201.12.4.109
internal electrical power source nears depletion 201.11.8.101
gas supply failure 201.13.2.102
obstruction 201.12.4.108
PEEP 201.12,4.107
system recovery, if provided 201.4.3.102
for delivered volume of greater than 50 ml, expired volume 201.12.4.103.1

for delivered volume of less than 50 ml, one of:

CO2 level; or 201.12.4.104

expired volume 201.12.4.103.2

4 202.4.3.1 and 202.8.1.101 indicate methods of evaluating delivery of ventilation as acceptance criteria
fpllowing specific tests required by this document.

201.4.3{102 System recovery

NOTE 1 [There is guidance or rationale for this subclause contained in Clause AA.2.

a) Follgwing a malfunction, the ventilater' shall perform a system recovery to attempt to restore
essential performance of the ventilator.

NOTH 2 A ventilator or a subassembly function can become disturbed by a malfunction that could jeopardige
the ¢ssential performance of\the ventilator. Without system recovery, the patient would have to be
discopnected and connected_to an alternative means of ventilation. Ventilation would thus be interrupted
until pn alternative means.of ventilation is connected. System recovery, as specified in this subclause, attempts
to aufomatically re-establish ventilation in a shorter period. If necessary, the ventilator can be replaced later
wher it is less consequential for the patient’s therapy.

b) Systdm recovery may result in the temporary:

1) cgssation in the ventilation of the patient; or

2) reduction in the function of ventilator subassemblies without impacting the ventilation of the
patient.

EXAMPLE  The temporary blanking of the display.

c) During a system recovery with a cessation of ventilation:
1) the ventilator shall allow spontaneous patient breathing in accordance with 201.103; and

2) the ventilator shall be equipped with an alarm system to indicate system recovery with a
cessation of ventilation.
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i) The system recovery with a cessation of ventilation alarm condition shall be high priority.

d) During a system recovery without a cessation of ventilation, the ventilator shall be equipped with an
alarm system to indicate system recovery without a cessation of ventilation.
1) The alarm condition for system recovery without a cessation of ventilation shall be at least low
priority with an auditory alarm signal.
e) Following a system recovery without operator intervention, the ventilator shall attempt to operate

with the same system configuration settings, ventilation settings and alarm settings as before the

A

ad

bl

system recovery.

1) If the system configuration settings, ventilation settings or alarm settings are djfferent
system recovery, the ventilator shall be equipped with an alarm system to indicate any (
settings.

2) The change in settings alarm condition shall be at least medium priority;

The duration of a system recovery with a cessation of ventilation sheuld be as short as prac
avoid an unacceptable risk to the patient.

The maximum duration of a system recovery of ventilation shall be disclosed in the instru
use.

neck conformity by inspection of the instructions for userand functional testing.

D1.4.4 Additional requirements for expected service life

mendment (add as a second paragraph):

he manufacturer shall:

1) state the probability of component failure that results in the ventilator needing to be tak
service during the expeeted service life assuming that the preventative inspection, mainten|
calibration are performed according to the accompanying documents; and

p) summarize the mhethodology used to determine this probability.

pplacement (teplace the compliance check):

pnformity is checked by inspection of the design documentation and the risk management file,

after the
hange in

ticable to

rtions for

en out of
ance and
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ME system

Amendment (add prior to the compliance check):

aa) Subsequent revisions of dated references (new editions or amendments) may be used in
substitution of a referenced document provided the manufacturer can demonstrate the hazard or
hazardous situation addressed in the dated normative reference is adequately resolved in the

subsequent revision.

201.4.6 ME equipment or ME system parts that contact the patient

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

©
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Amendment (add at end of subclause):

aa) The VBS or its parts or accessories that can come into contact with the patient shall be subject to the
requirements for applied parts in accordance with this subclause.

Addition:

201.4.11.101 Additional requirements for pressurized gas input
NOTE

201.4.1

a) Aventilator with a pressurized gas input shall:

b) A ventilator with a maximum rated input pressure in excess,of 600 kPa shall not cause an
unadceptable risk under the single fault condition of twice the nfaximum rated input pressure.

NOTE 1
input pregsure as well as the rated range of input pressure.

NOTE 2
Under thi

Check co
operatin
file for rigks associated with overpressure conditions.

201.4.1

If the véntilator is intended to be connected to a medical gas pipeline system conforming with
ISO 7396-1:2016+AMDA1:2017 then:

a)

b)

28

1) operate and meet the requirements of this document throughout its rgted range of inppit

2) n

the rated range\of input pressure shall cover the range specified in ISO 7396-1:2016+AMD1:201[/;

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

1.101.1 Overpressure requirement

ressure; and

t cause an unacceptable risk under the single fault condition of 1 00@)kPa.

[nternal pressure regulators can be required to accommodate the single fault condition of maximum

Under the single fault condition of overpressure,-itiis desirable for gas to continue to flow to the VAS.
condition, the flowrate from the ventilator is likely to be outside of its specification.

hformity by functional testing in normal use and under normal condition with the most adverse
b settings, by functional testing ifi sihgle fault condition and inspection of the risk managemeht

1.101.2 Compatibility requirement for medical gas pipeline systems

and
NOTIE Taking account of requirements for over-pressure and under-pressure, this corresponds to a range
280 KPato600kPa:

under normal condition,

iy

2)

or:

3)

the maximum input flowrate required by the ventilator for each gas shall not exceed 60 1/min
averaged over 10 s, measured at the gas intake port with an input pressure of 280 kPa; and

any transient input flowrate shall not exceed 200 1/min averaged over 3 s,

the accompanying documents shall disclose:
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i) the maximum input flowrate required by the ventilator for each gas at a pressure of

280 kPa averaged over 10 s, measured at the gas intake port;

ii) the maximum transient input flowrate averaged for 3 s required by the ventilator for each

gas at a pressure of 280 kPa, measured at the gas intake port; and

iii) a warning to the effect that this ventilator is a high-flow device and should

only be

connected to a pipeline installation designed using a diversity factor that allows for the
indicated high flow at a specified number of terminal outlets, in order to avoid exceeding
the pipeline design flow, thereby minimising the risk that the ventilator interferes with the

operation of adjacent equipment.

C
0}

E}

a

neck conformity by functional testing in normal use and under normal condition with the mos
berating settings and by inspection of the accompanying documents.

KAMPLE Highest driving gas consumption under worst-case settings for set rate and tidal volume
ted range for inlet pressure.

01.5 General requirements for testing of ME equipment
C60601-1:2005+AMD1:2012+AMD2:2020, Clause 5 applies, exceptas follows:

Idition:

01.5.101 Additional requirements for generalrequirements for testing of
ME equipment

DTE  There is guidance or rationale for this subclausSe contained in Clause AA.2.

01.5.101.1 Ventilator test conditions

For testing, the ventilator
1) shall be connected to gas supplies as specified for normal use,

2) except that industtial grade oxygen and air may be substituted for the equivalent medic
appropriate, unless otherwise stated.

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

When using substitute gases, care should be taken to ensure that the test gases are oil
appropriately dry.

[ adverse

within the

al gas, as

free and

2

15 1012 Gas flowrate and leakagcge snecifications
1o Ul s GasHowrate a ie e-S atlons

x v THer tixetyy P et

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

All requirements for gas flowrate, volume and leakage in this document,

a) are expressed at STPD,

b) except for those associated with the VBS, which are expressed at BTPS.

Correct all test measurements to STPD or BTPS, as appropriate.

©
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201.5.101.3 Ventilator testing errors

NOTE 1

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

a) For the purposes of this document, acceptance criteria for declared tolerances of testing shall use:

1) procedure 1 (calculation of uncertainty of measurement) from IEC Guide 115:2021, 4.4.2; or

2) procedure 2 (accuracy method) from IEC Guide 115:2021, 4.4.3.

NOTH
by suj

b) Test
cove
the f

EXAN
volur]

c) The
techi

Check co

201.6

IEC 6060

201.7
IEC 6060

Addition:

201.7.1

2 This is a change from previous revisions of this document, which required tolerances to be adjusted
btracting measurement uncertainty from disclosed tolerance values to determine acceptance criteria.

equipment and methods shall be selected and controlled to ensure that the uncertainty (with

rage factor k = 2, for confidence of ~ 95%) is no more than 30% of the disclosed tolerance for
arameter being tested.

[PLE  If the manufacturer wishes to claim a tolerance for delivered volumeyof (10 ml +10 % of set
he) then the uncertainty of the measurement cannot exceed +(3 ml +3 % of set volume).

manufacturer shall disclose the measurement uncertainty for each disclosed tolerance in the
pical description.

hformity by inspection of the technical description.

Classification of ME equipment and‘ME systems

1-1:2005+AMD1:2012+AMD2:2020, Clause 6 applies.

ME equipment identification, marking and documents

1-1:2005+AMD1:2012+AMD2:2020, Clause 7 applies, except as follows:

101  Information to be supplied by the manufacturer

nformation-supplied by the manufacturer of a ventilator and its accessories shall conform with
0417:2021.

applying IS0 20417:2021, the terms in this document and those n

a) The
ISO %

b) In
IEC 6

0601-1:2005+AMD1:2012+AMD2:2020 shall be used as follows.

1) The term "accompanying information" shall assume the same meaning as accompanying
documents.

2) The term "medical device" shall assume the same meaning as ME equipment.

3) The term "user" shall assume the same meaning as operator.

4) The term "patient" shall include animals.

Check conformity by application of ISO 20417:2021.

30
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201.7.2.3 Consult accompanying documents

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

Replacement:

The ventilator shall be marked with the safety sign for the mandatory action: “follow instructions for
use”,1SO 7010-M002 (see IEC 60601-1:2005+AMD1:2012+AMD2:2020, Table D.2, safety sign 10).

Adldition:

2p1.7.2.4.101 Additional requirements for accessories

a)] Accessories supplied separately shall:
1) fulfil the marking requirements of ISO 20417:2021, 6.1.1 c); and

2) be marked with an indication of any limitations or adverse effeets of the accessory on [the basic
safety or essential performance of the ventilator, if applicable, Seealso 201.7.2.101.

b) If marking the accessory is not practicable, this informatiom may be placed in the instructions for use.

Check conformity by inspection, inspection of the risk mahagement file for any limitations of adverse
efffects of the accessory, if applicable, and where necessary, inspection of the instructions for use
2p1.7.2.18 External gas source

Amendment (add before the first dash):

aa) the gas name or chemical symbol in‘accordance with ISO 5359:2014+AMD1:2017;

bb) the rated range of gas pressure;

cq) for oxygen gas inputsythe rated range of oxygen concentration;

dg) gas-specific colour;eoding in accordance with ISO 32:1977, if colour coding is used.

EXAMPLE _<Colour coding to match the colour of the flexible hose or a gas cylinder intended to b¢ attached
to the connector of an inlet.

NOTEX\Mn some countries, other colour coding is used.

Adldition:

201.7.2.101 Additional requirements for marking on the outside of ME equipment or
ME equipment parts

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

a) If applicable, operator-accessible ME equipment, parts or accessories shall have clearly legible
markings of the following

1) for a ventilator intended to be used in the magnetic resonance (MR) environment, in accordance
with IEC 62570:2014:
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i) symbol 7.3.1-1 (Table 201.D.2.101, symbol 3) or symbol 7.3.1-2 (Table 201.D.2.10

ii)

symbol 4) of IEC 62570:2014 for an ‘MR Safe’ ventilator; or

ventilator.

1,

symbol 7.3.2 of IEC 62570:2014 (Table 201.D.2.101, symbol5) for an ‘MR Conditional’

2) for a ventilator not intended for use in the magnetic resonance (MR) environment, in accordance

w

ith IEC 62570:2014 symbol 7.3.3 (Table 201.D.2.101, symbol 6) for an ‘MR Unsafe’ ventilator.

3) for flow-direction-sensitive components that are operator-removable without the use of a tool, an

arrow indicating the direction:

]

]

b) If ap
mar}

1) a
E}

]

) of the flow; or

i) ofinspiratory flow if exposed to inspiratory and expiratory flow.

plicable, operator-accessible ME equipment, parts or accessories shall haveclearly legib
ings of the following on or adjacent to the following items:

warning not to obstruct the gas intake port; and

(AMPLE 1 WARNING: Gas intake - Do not obstruct

) A symbol or safety sign evaluated in accordance with to [E€ 62366-1 as information f|
safety may be used.

2) am arrow indicating the intended direction of gas flow:

]

3) fq
(1

E}

Check co

201.7.4
NOTE

IEC 6060

) for the gas output port; and
[) Symbol 0795 of ISO 7000 (Table 201.D.2.101, symbol 2) may be used for gas output port.

i) for the gas return port.

[) Symbol 0794 of ISO 7000 (Table 201.D.2.101, symbol 1) may be used for the gas retu
port.

r a sampling gas inlet, either with the text “Gas sample” or the Symbol 1SO 7000-079
able 201.D.2.101, symbol 1).

{AMPLE 2 Input to a diverting respiratory gas monitor integrated into the EMS ventilator.

hformity by inspections

3 Units ofmeasurement

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

1-1:2005+AMD1:2012+AMD2:2020, 7.4.3 applies, except as follows:

le

pr

w

Amendment (add to the bottom as a new row in Table 1):

All gas volume, flowrate and leakage specifications:

aa) shall

bb) shall

be expressed at STPD; except for those associated with the VBS which

be expressed at BTPS.

201.7.9.2.1 General

Amendment (add as the fifth bullet following the first paragraph):

32
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— the intended position of the operator;

Addition:

201.7.9.2.1.101Additional general requirements

The instructions for use shall disclose the following:

a

DTE

1y

2)

3)

1)

the intended range of tidal volume.

neck conformity by inspection.

01.7.9.2.2.101 Additional requirements for warnings and safety notices

The instructions for use shall include:

If applicable, the instructions for use shall include the following:

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

a warning statement to the effect of “Warning: Do not cover ‘the ventilator or place in 3
that affects proper operation”, including applicable examples.

position

EXAMPLE 1 WARNING: Do not position next to a curtain that blocks the flow of cooling aif, thereby

causing the equipment to overheat, thereby interferingwith patient ventilation.

EXAMPLE 2 WARNING: Do not block the gas intake port or emergency intake, thereby interf¢ring with

patient ventilation.

a warning statement to the effect of {Warning: Always have immediate access to an alternative

means of ventilation, which is ready, for use, in order to reduce the possibility of patient
serious deterioration of health.”

EXAMPLE 3 WARNING: Failure to have an alternative means of ventilation such as a sel
manually-powered resuseitator (as specified in ISO 10651-4:2023) with mask can result in pat
if the ventilator fails.

a warning statement to the effect of “WARNING: Do not add any attachments or acceg
the ventilator>that contravene the instructions for use of the ventilator or accessor
ventilator Gaight not function correctly, leading to the risk of patient death of
deterioration of health.”

a warning statement to the effect of “Warning: The ventilator shall not be used in a hy

death or

-inflating,
ent death

sories to
y, as the
serious

perbaric

chamber. Such use might cause the ventilator to not function correctly, causing patient]

death or

2)

3)

4)

serious deterioration of health.”

a warning statement to the effect of “Warning: The ventilator shall not be used with nitric oxide.

Such use might cause the ventilator to not function correctly, causing patient death o
deterioration of health.”

r serious

a warning statement to the effect of “Warning: The ventilator shall not be used with inlet gases,
which are not specified for use (e.g. helium or mixtures with helium). Such use might cause the
ventilator to not function correctly, causing patient death or serious deterioration of health.”

a warning statement to the effect of “Warning: The ventilator accuracy can be affected by the gas

added to the ventilator breathing system by use of a pneumatic nebuliser.
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5) a warning statement to the effect of “Warning: It is the responsibility of the responsible
organization to ensure that the oxygen source is compatible with the rated range of pressure,
flowrate and oxygen concentration as marked on the ventilator and indicated in the instructions
for use as this can affect the performance of the ventilator that can consequently result in patient
death or serious deterioration of health.”

6) a warning statement to the effect of “Warning: When using nebulisation or humidification,
breathing system filters and heat and moisture exchangers can require more frequent
replacement to prevent increased resistance and blockage.

Check copformity by inspection.
201.7.9{2.8.101 Additional requirements for start-up procedure
NOTE 1 [There is guidance or rationale for this subclause contained in Clause AA.2.

NOTE 2 [A start-up procedure includes a pre-use functional test that is used to determine-whether the ventilatpr
is ready fqr use.

a) The Instructions for use shall disclose a method by which the following.can be functionally tested by
the Healthcare professional operator to determine if they are operating correctly:

1) tHe assembled VBS;

2) switchover to and operation from the internal electrical power source; and

3) all of the alarm signals, including the alarm signals from any distributed alarm systems.
b) Portions of this test method may:

1) b¢ automatically performed by the ventilator; or

2) rdquire healthcare professionaloperator action.

EXAMPLE Combination of the power-on self-test routines and healthcare professional operator action.

Check copformity by inspection of the instructions for use.

201.7.9{2.9.101- (Additional requirements for operating instructions

NOTE [There.iSguidance or rationale for this subclause contained in Clause AA.2.

The instractionsfortuse-shall-diselese
a) alisting of the following pressures:

1) the range of maximum limited pressure (Py, ;.+);

2) if provided, the rated range to which the maximum working pressure (P, ...) can be set, if
adjustable;

3) the means by which the maximum working pressure is accomplished;

EXAMPLE 1 Pressure cycling, pressure limiting, pressure generation.
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4) a statement that airway pressure can be subatmospheric during the expiratory phase for a
ventilator that can generate subatmospheric pressure in the expiratory phase, if applicable;

5) the minimum limited pressure at the patient-connection port, for ventilators that can
subatmospheric pressure in the expiratory phase.

generate

the rated range of the following characteristics of the assembled operator-detachable parts of the
VBS, over which the accuracies of set and monitored volumes and pressures are maintained:

Amendment: (add after normal use)

Check conformity by inspection.

2P1.7.9.2.12 (leaning, disinfection, and sterilization

H—mspiratory gus puthway Tesistarnce,
2) expiratory gas pathway resistance, and
3) VBS compliance.

i) These specifications may be presented in ranges.

ii) The accuracies of set and monitored volumes may be presénted as a function
characteristics.

of these

NOTE Compliance and resistance can be non-linear. These characteristics might need to be speciffed over a

range (e.g.at 151/min, 30 I/min, 60 1/min and the maximum flowrate.or the maximum pressure).

the conditions under which the ventilator maintainsythe accuracy of controlled and displayed

variables as disclosed in the instructions for use.

EXAMPLE 2 Acceptable range of water level in a héimidifier.

EXAMPLE 3  Interval of calibration of a flow sensor.

an explanation of the meaning of the IP classification marked on the ME equipment.
an indication as to whether the ventilator is intended for non-invasive ventilation.
EXAMPLE 4 This ventilator is‘intended for use with mask ventilation.

a cross reference between the manufacturer-specific naming of the ventilator's ventilati
and the ventilation-mode systematic coding scheme in Annex E of ISO 19223:2019.

bn-modes

or in single fault condition

Amendment: (add after bulleted list)

aa) The instructions for use shall identify which portions of the gas pathways through the ventilator can
become contaminated with body fluids or by contaminates carried by expired breathing gases

during both normal condition and single fault condition.

Addition:
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201.7.9.2.14.101 Additional requirements for accessories, supplementary

equipment, used material

a) The instructions for use of the ventilator shall identify:

1) atleast one set of accessories; and

2) if

applicable, the ME equipment necessary for the ventilator’s intended use.

licable, the instructions for use of the ventilator shall disclose:

b) Ifap

1) any restrictions on the positioning of components within the ventilator breathing system; and

E}

2) amy reasonably foreseeable adverse effect of any recommended accessory ,onthe essential

14

Check co
any adve

201.7.9
NOTE

Where th
the instri

a) listt

b) whei
techi

Check co
201.7.9
NOTE

a) The

1) a
V4

[AMPLE Where such components are flow-direction-sensitive components.

rformance or basic safety of the ventilator (additional requirements are foundjin 201.16).

hformity by inspection of the instructions for use and inspection of theyvisk management file for
rse effect of any recommended accessory.

2.16.101 Additional requirements for reference to the technical description

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

e technical description is supplied as a separatedocument from the instructions for use, then
ctions for use shall:

ne contents of the technical description; and

ever appropriate, provide a cross reference to the additional information available in the
pical description.

hformity by inspection.
3.1.101 Additional general requirements
There is guidance gprationale for this subclause contained in Clause AA.2.

fechnical description shall disclose:

suminary description of the filtering or smoothing techniques for measured or computed
iriables that are displayed or used for control necessary for the operator to form a mental

2) a

Jdal £11. 43 £4] VR WS
UuUCTT UT 11T UPCI dllullr Ul uaic veriorrutiuor,

pneumatic diagram of the ventilator, including a diagram for operator-detachable parts of the

ventilator breathing system either supplied or recommended in the instructions for use; and

3) a

summary description of the means of initiating and terminating the inflation phase in each

ventilation-mode of the ventilator.

b) Ifapplicable, the technical description shall disclose

1) the essential technical characteristics of each recommended breathing system filter.

EXAMPLE Dead space and resistance.

36
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Check conformity by inspection.

201.7.9.3.101 Additional requirements for the technical description

The technical description shall disclose:

a) a description of a procedure for checking the function of the alarm system for each of the alarm
conditions, other than system recovery, specified in this document, if not performed automatically

during start-up; and

2

which checks are performed automatically.

heck conformity by inspection of the technical description.

01.8 Protection against electrical hazards from ME equipment

C60601-1:2005+AMD1:2012+AMD2:2020, Clause 8 applies.

01.9 Protection against mechanical hazards of ME equipment and
ME systems

€C60601-1:2005+AMD1:2012+AMD2:2020, Clause 9 applies, except as follows:
Idition:

01.9.6.2.1.101Additional requirements for audible acoustic energy
DTE  There is guidance or rationale for this subclause contained in Clause AA.2.

The A-weighted sound pressure level emitted by the ventilator shall be:

grade 2; and
2) disclosednthe instructions for use.
The A-weighted sound power level shall be:

1) ‘calculated in accordance with 8.2.5 and 8.6 of ISO 3744:2010; and

1) measured in accdrdance with 1SO 4871:1996 and 1SO 3744:2010 using engineering

©

N dicelacad intha fnctrntinync £or 100
Z—eSEero5eaHttRe-HiS5t tHORSFOUHSE

Check conformity with the following test:

method

1) Place the ventilator on the sound-reflecting plane and attach the least favourable VBS from those

indicated in the instructions for use.

NOTE1 The least favourable VBS configuration can vary by ventilation-mode, inflation-type and flow

pattern, as applicable.

2) If a humidifier is provided with the ventilator, include the humidifier filled to the least favourable

level in the test.
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3) Configure the test lung with the compliance and resistance components whose values are
indicated in Table 201.102.

i)

lung does not interfere with the sound measurement of the ventilator.

ii) Connect the patient-connection port to the test lung.

Acoustically isolate the test lung by a suitable means so that any noise caused by the test

4) Set the ventilator to the least favourable ventilation-mode, inflation-type and flow pattern, as

applicable, that generates ventilation as indicated in Table 201.102.

N
cq

nfiguration.

DTE 2 The least favourable ventilation-mode, inflation-type and flow pattern can vary by ¥

Table 201.102 — Test conditions for acoustic tests

Adjustable parameter

Test condition

For a ventilator intended to provide tidalvolume

BS

Vr 2300 ml 300ml = Vr 250 ml Vr <50 ml
Tidalvolume, V12 500 ml 150 ml 30 ml
Set rqte 10 breaths/min 20 breaths/min 30 breaths/min
I:E rdtio 1:2 1:2 1:2
BAP 10 hPa (10 cmH20) 10 hPa<(10 cmH20) 10 hPa (10 cmH20)
Linedr resistance, RP[49166][69] 5 hPa-(1/s)"1 10 % 20:hPa-(1/s) 1 10 % 50 hPa-(I/s) "1 +10 %
Isothermal Compliance, CP 50 ml-hPa~1£10 % 20 ml-hPa~1 10 % 1ml-hPa~1 £10 %

2 V7 s measured by means of a pressure sensor at the test lung, where Vr = C (Ppax - Pmin), and

Vr is the volume delivered to the test lung

C is the isothermal compliance of the testlung

Pmax  is the maximum pressure measured in‘the test lung
Puin is the minimum pressure measured-n the test lung.

b Thg accuracy for C and R applies over the ranges of the measured parameters.

NOTH There is guidance or rationale{foy this table contained in Clause AA.2.

5) Using a microphone-of the sound level meter, conforming with the requirements of type|1l
instruments specified in IEC 61672-1:2013, measure the maximum time-weighted sound
pressure levekasing frequency weighting A and the time weighting F of the sound level meter
(ile. Larma)~at 10 positions in a hemisphere with a radius from the geometric centre of the
véntilatorinl a free field over a reflecting plane as specified in 8.1.1 of ISO 3744:2010. Average
tHe values in conformity with 8.2.2 of ISO 3744:2010.

6) Calculate the A-weighted sound pressure level averaged over the measurement suriace in
accordance with 8.2.2 of ISO 3744:2010.

7) Calculate the A-weighted sound power level in accordance with 8.6 of ISO 3744:2010.
8) Confirm that the criteria for background noise specified in 4.2 of ISO 3744:2010 are fulfilled.

9) Ensure that the average measured sound pressure level is less than that disclosed in the
instructions for use.

10) Ensure that the sound power level is less than that disclosed in the instructions for use.
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201.9.101 Additional requirements for suction procedures

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

a) The instructions for use shall disclose recommended ventilation settings for use with a closed
suction catheter.

b) A ventilator shall continue to function as intended after the use of a closed suction catheter:

1) for each ventilation-mode with the lowest tidal volume of each intended tidal volume range
indicated in the instructions for use; and

2) using the VBS configuration with the lowest compliance of those indicated in the instrugtions for
use.

NPTE1 For the purposes of this requirement, pressure-control based ventilationnwith a volume| target is
cqnsidered a form of volume-control.

c) Check conformity by inspection of the instructions for use and with'the following test:

1) Connect a suction system, as shown in Figure 201.101, leaving the patient-connection pprt of the
closed suction catheter adaptor open to air and the ventilator disconnected. Use a closed suction
catheter of minimum inside diameter of 2,95 mm (Frénch (Charriere) equivalent size 14 F).

2) Adjust the suction equipment as follows:
i) Close the flow control valve and adjust‘the vacuum regulator of the suction equipment to an
occluded vacuum of 200 hPa (204 cmH,0) below ambient atmospheric pressure.

ii) Open and set the flow control valveto give a free air flow (suction flow) of:

[) 301/min, for a ventilator‘intended to provide tidal volume, V= 300 ml;
[1) 151/min, for a ventilator intended to provide tidal volume, 300 ml = V1 = 50 ml;{and
I11) 5 1/min, for a ventilator intended to provide tidal volume, V1 < 50 ml.

3) Disable the suction flow'without affecting the flow control valve setting.

4) Connect the ventilator as shown in Figure 201.101 using the lowest compliance VBS indicated in
the instructions)for use for the intended tidal volume range.

5) Connecta-test lung to the patient-connection port of the closed suction catheter adapfor. Use a
test liing with compliance:

i) 10 ml/hPa + 10 %, for a ventilator intended to provide tidal volume, V1 = 300 ml;
ii) 3 ml/hPa+ 10 %, for a ventilator intended to provide tidal volume, 300 ml = Vq = 50 ml;

A |
dliu
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9) W

10)

itor under test

t-connection port of VBS before adding the closed suction catheter adaptor
ng

t-connection port of VBS after adding the closed suction catheter adaptor
suction catheter adaptor

closed suction catheter conforming with ISO 8836:2019

ontrol valve (can be incorporated in 8)

n equipment conforming with ISO 10079-1:2022 or ISO 10079-3:2022

n system

Figure 201.101 — Typical closed suctioning test setup

ii) 0,5 ml/hPa + 10 %, for a ventilator intended to provide tidal volume, V1 < 50 ml.

b not enable any special suction prgeedure ventilator operational mode and retract the closg
ction catheter.

erform any compliance correction as indicated in the instructions for use.

lect a volume-control infldtion-type with the following settings:

)  minimum tidalvelume for the intended tidal volume range;
i) setrate: 10.breaths/min; and
ii) trigger:off or, if not so equipped, at the most insensitive method and setting.

ait untilstability is achieved.

Advance the closed suction catheter between 1 cm and 2 cm beyond the patient-connectid

port.

11)

d

n

Enable the suction flow, without affecting the flow control valve setting, and maintain for

30 s.

NOTE 2 Some alarm conditions might become active. This is an expected possibility.

12)

Terminate the suction flow by closing the suction equipment valve and retract the suction
catheter.

NOTE 3 Retracting the suction catheter into its supplied sleeve can be important to seal the gas pathway and
reduce gas leakage.
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13) Wait until stability is achieved.
14) Confirm that the ventilator continues to function as intended.

EXAMPLE The tidal volume is within specification.

15) Repeat 1) to 14) for each intended tidal volume range.

16) Repeat 1) to 15) using a pressure-control inflation-type with the following parameters in lieu

A

I
0]

p
o)

adg

nf1)-

i) ventilation pressure of 5cmH,0 or, if the ventilator cannot be set that low,th
setting;

ii) set rate: 10 breaths/min; and

iii) trigger: off or, if not so equipped, at the most insensitive setting.

17) Repeat 1) to 15) using the recommended ventilation-mode and-settings for us
closed suction catheter in lieu of 1) unless the recommended ventilgtion-mode and sett
already been tested.

01.10 Protection against unwanted and excessive radiation hazards

C60601-1:2005+AMD1:2012+AMD2:2020, Clause 10 applies.

01.11 Protection against excessive'temperatures and other hazards

C60601-1:2005+AMD1:2012+AMD2:2020; Clause 11 applies, except as follows:

01.11.1.2.2  Applied parts not-intended to supply heat to a patient

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

mendment (add before thelast paragraph):

normal use andrsingle fault conditions and over the rated flowrate range and at the maxim
perating temperature, the temperature of the gas delivered by the ventilator at the patient-cq
rt, both with{and without each humidifier specified for use in the instructions for use, when
rer 120 s;shall not exceed:

1) 70%C; and

e lowest

e with a
ngs have

um rated
nnection
averaged

Jan energy equivalent to 43 °C and 100 % relative numidity (Speciiic enthalpy not t
197 KJ/m3 dry air).

exceed

Table 201.103 contains examples of combinations of temperature and relative humidity with such a
specific enthalpy.

©
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Table 201.103 — Examples of permissible combinations of temperature and relative humidity

Temperature Relative humidity
°C %
43 100
44 95
45 90
48 76
50 69
55 52
60 40
65 30
70 23

Addition:

201.11.p.5.101 Additional requirements for ingress of water or particulate matter into
ME equipment or ME system

NOTE There is guidance or rationale for this subclause contained in€lause AA.2.

a) Enclgsures of ventilators shall provide at least an IP21\degree of protection to the harmful ingress pf
water.

b) Enclgsures of ventilators should provide an IP22 degree of protection to the harmful ingress pf
watdr.

Check conformity by the tests of IEC 60529:1989+AMD1:1999+AMD2:2013 with the ventilator placgd
in the least favourable position of normal use and by inspection. After these procedures, confirm thpat
basic safgty and essential performance‘are maintained.

201.11.p.6 Cleaning anddisinfection of ME equipment or ME system

NOTE There is guidanceor rationale for this subclause contained in Clause AA.2.

Amendment (add.additional requirement as new first paragraph):

aa) Gas pathways through the ventilator and its accessories not intended for single use that can become
contaminated with body fluids or by contaminants carried by expired gases during normpl
condition or single fault condition shall be designed to allow for:

1) cleaning and disinfection; or
2) cleaning and sterilization.

NOTE 1 Additional requirements are found in 11.6.7 of IEC 60601-1:2005+AMD1:2012+AMD2:2020.

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

1) conform with ISO 17664-1:2021;
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2) conform with ISO 14937:2009, if applicable; and

3) be disclosed in the instructions for use.

Amendment (add additional requirement as the last requirement and replace the compliance test):

cc) Ventilator enclosures shall be designed to allow for surface cleaning and disinfection to reduce to
acceptable levels the risk of cross infection of the next patient.

NUOTE 2 150 14159:20U0Z provides guidance 1or the design ol enclosures.

d¢l) Processing instructions for the ventilator enclosure shall
1) conform with ISO 17664-2:2021; and

2) be disclosed in the instructions for use.

neck conformity by inspection of the risk management file to determine the gas pathways|that can
ecome contaminated in normal condition and single fault Ccondition and conformjty with
0 17664-1:2021 and ISO 17664-2:2021, as appropriate. When eonformity with this document could
e affected by the cleaning or the disinfection of the ventilatoror its parts or accessories, dlean and
sinfect them for the number of cycles determined by the‘expected service life in accordance|with the
ethods indicated in the instructions for use, including<any cooling or drying period. Affer these
rocedures, ensure that basic safety and essential pérformance are maintained. Confirm |that the
anufacturer has evaluated the effects of multiple>processing cycles and the effectiveness|of those
cycles.

IT B AOATZTO

2P1.11.6.7 Sterilization of ME equipment or ME system
Amendment (add note before compliance test):

NPTE  Additional requirements are found in 11.6.6 of [EC 60601-1:2005+AMD1:2012+AMD2:2020.

2D1.11.7 Biocompatibility of ME equipment and ME systems
Amendment (add gfter-existing text prior to the compliance statement):

aa) The manufacturer of a ventilator, VBS, its parts or accessories shall address in the risk management
process-thie risks associated with the leaching or leaking of substances into the gas pathway)

bb) Thergas pathways shall be evaluated for biocompatibility in accordance with ISO 18562-1:2[023.

Addition:

201.11.8.101 Additional requirements for interruption of the power
supply/supply mains to ME equipment

NOTE  There is guidance or rationale for this subclause contained in Clause AA.2.
a) The ventilator shall be equipped with

1) an internal electrical power source capable of powering the ventilator for at least 30 min when
the supply mains falls outside the values necessary to maintain normal operation.
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2) a means of determining the remaining capacity or operation time provided by the internal
electrical power source.

i)

This indication may be qualitative.

3) ameans to determine the power source that is currently powering the ventilator.

b) A ventilator shall

1) be equipped with an alarm system that detects a technical alarm condition or

)

2) génerates an information signal to indicate a switchover to an internal electrical power source.

3) b¢ equipped with an alarm system that detects a technical alarm condition to.indicate when the
internal electrical power source nears depletion, at least 10 min prior to the 1gss’of ventilation.

)
i)

c) The Instructions for use shall disclose

1) fgr each intended tidal volume under the conditions-of Table 201.102, the operational time of the
ventilator when powered from

)
1i)

2) tHe means by which the secondary supply mains, if provided, can be tested.

3) the behaviour of the yentilator after a switchover:

)

The alarm condition for switchover to an internal electrical power source shall be at least
low priority.

The internal electrical power source nears depletion alarm condition shall be at least
medium priority.

As the internal electrical power source depletes further, at deast 5 min prior to the loss
ventilation, the depletion internal electrical power sourCe technical alarm condition sha
escalate to high priority.

an aged (see d) 1), fully charged internal‘electrical power source and
an external reserve electrical powersource, if provided.

NOTE For the purposes of this-ddcument, an external reserve electrical power source is part of
ME system providing electrical power external to the ventilator.

to the internaglelectrical power source; or
to the external reserve electrical power source, if provided.

EXAMPLE 1 Describing which accessories or integrated components such as a heated exhalati
manifold or a heated humidifier no longer remain functional after a switchover to the intern
electrical power source or a secondary supply mains, if provided.

a

a

pf
1l

An

EXAMPLE 2  Describing any limitations to the ventilation function after switchover.

4) the behaviour of the ventilator while:

i)

the internal electrical power source is recharging; and

ii) the external reserve electrical power source is recharging, if provided.

d) Check conformity by inspection of the instructions for use, functional testing and the following test.

1) Age a previously unused internal electrical power source by operating the ventilator from the
internal electrical power source using the test parameters from the column of Table 201.102
representing the largest intended tidal volume and inflation-type:

44
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i) until the high priority internal electrical power source nears depletion technical alarm
condition becomes active;

ii) recharge the internal electrical power source by connecting the ventilator to supply mains;

[) A dwell time may be inserted following recharging to permit the ventilator to reach
thermal equilibrium.

iii) repeati) and ii) 10 times; and
iv) for a transit-operable ventilator, repeat i) and ii) an additional 40 times.

v) Instead of using the ventilator, dlqrharama and rhm‘mno circuits mav be nsed with an
equivalent proflle simulating worst-case conditions:

[) temperature of the internal electrical power source while in use;
II) over the discharging time; and
I1I) over the charging time.

2) Operate the ventilator using an intended tidal volume and inflation-type under the conglitions of
Table 201.102.

3) Confirm that the medium priority alarm condition occurs at least 10 min prior to the loss of
ventilation.

4) Confirm that the high priority alarm condition oecurs at least 5 min prior to the¢ loss of
ventilation.

5) Repeat 2) to 4) for each remaining range of intended tidal volume.

2/01.12 Accuracy of controls and instruments and protection against
hazardous outputs

IBC 60601-1:2005+AMD1:2012+AMD2:2020, Clause 12 applies, except as follows:

2P1.12.1 Accuracy of controls and instruments

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

Amendment (add-after existing sentence):

ag) The controls and display of a ventilator necessary to perform the primary operating |functions
indicated in 206.101 a) 2) and 206.101 a) 3) shall be clearly legible under the conditions [specified
in %1.2 of IEC 60601-1:2005+AMD1:2012+AMD2:2020 with the intended position of the|operator
for the purpose evaluating the legibility of markings is at least 2 m from the ventilator.

Check conformity by application of the tests in 7.1.2 of IEC 60601-1:2005+AMD1:2012+AMD2:2020.

Addition:

201.12.1.101 Volume-control inflation-type

a) With a volume-control inflation-type selected and the ventilator operating in normal condition, the
accuracy as determined for the test settings and conditions specified in this document shall be
disclosed in the instructions for use, as the maximum bias error and maximum linearity error.

EXAMPLE  #(5 ml+10 % of the set volume)
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b) This

01-2-12:2023(E)

disclosure shall include at least:

1) the maximum error of the inspiratory volume in relation to the set tidal volume;

2) the maximum error of the PEEP in relation to the set value of BAP; and

3) the maximum error of the inspiratory oxygen (FiO,) concentration at the patient-connection port

in relation to the set value.

) Allo
Vv
2) 3
3) Vv

d) The

N

e) If wd
the d

f) Cheg
with

NOTH

)T

J—Thedistiosed accuracies shathinctudetheeffectsof the Tange of the Tated imput oxygen
concentration.

NOTE 1 There is guidance or rationale for this list item contained in Clause AA.2.

F the errors may be reported separately for the following ranges of intended tidalwvolume:
=300 ml;

DO ml = V7 =50 ml; and

r <50 ml

hccuracy of the performance of the ventilator shall either be:

btermined for each VBS configuration indicated in the instructions for use; or

ptermined for the worst-case VBS configurations” indicated in the instructions for use. |n
ptermining the worst-case configuration, consider use with active and passive humidification.

DTE 2 The worst-case VBS configuration can be different for each error or nominal tidal volume.

rst-case VBS configurations are used, the rationale for their selection shall be documented |n
esign documentation.

k conformity by inspectionof the design documentation for the rationale, if applicable, and
the following tests:

3 Insome cases, the)following tests can be carried out simultaneously.
dal volume and end-expiratory pressure errors

) Setupthe ventilator as shown in Figure 201.102.

i) Ifiapplicable, determine or input the VBS compliance required for compliance correction gas
indicated in the instructions for use and activate this correction. If a humidifier is used, fjll

the humidifier to the maximum water level prior to determining the VBS compliance.

iii) Use the test parameters and settings of the first applicable row (selected by intended tidal

volume) of Table 201.104.

iv) Wait for steady-state conditions to be achieved.

v) Determine the tidal volume, for example via integration of the flow signal provided by a

46

calibrated flow sensor located at the patient-connection port or by the product of the test
lung compliance and the measured change of lung pressure, compensated for temperature
effects due to fast compression of the gas, if necessary.

NOTE 4 Additional information on the construction of an isothermal test lung is found in
Reference [59].
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ventilator under test

pressure sensor

flow sensor, with a 10 % to 90 % risé€ time of no greater than 10 ms
oxygen sensor

data acquisition system, with-minimum sample rate of 200 samples/s
temperature sensor

test lung resistance (Rlung)

pressure sensor, with-a 10 % to 90 % rise time of no greater than 10 ms

© O N O Ul R W N R R

test lung compliarice (Clung)

[y
=

test lung

—3

he oxygen'sensor may be placed in the VBS.

Figure 201.102 — Typical test setup for volume- and pressure-control inflation-type ac¢uracy

vi) Compare the result with the acceptance criteria derived from the volume setting for the
test and the tolerance indicated in the instructions for use.

vii) If the ventilator is equipped with tidal volume monitoring equipment, determine the
accuracy of the tidal volume monitoring equipment by comparing its reading to the tidal
volume determined in v). Refer to Table 201.104.

viii) Determine the PEEP as the average of the airway pressure measurements over the last
50 ms of the expiratory phase.
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Table 201.104 — Volume-control inflation-type testing

Test lung parameters Ventilator settings
Test Compliance Linear Tidal Set rate? Inspiratory | FiOp BAP
number resistancel#91l66169]1 | yolume time
ml/hPa hPa:(1/s)1 hPa
+10% +10% ml breaths/min S % (cmH20)
1 —b —b Maxirr‘u‘lm —b —b —b —b
tidal
volume
2 50 5 500 20 1 30 5
3 50 20 500 12 1 90 10
4 20 5 500 20 1 90 5
5 20 20 500 20 1 30 10
6 20 20 300 20 1 30 5
7 20 50 300 12 1 90 10
8 10 50 300 20 1 30 10
9 10 10 200 20 1 90 5
10 3 10 50 30 0,6 30 5
11 3 20 50 30 0,6 30 10
12 3 50 50 20 0,6 60 5
13 3 20 30 30 0,6 30 5
14 3 50 30 20 0,6 90 10
15 1 20 30 30 0,6 90 5
16 1 100 30 30 0,6 30 10
17 1 200 20 50 0,4 30 5
18 1 200 15 50 0,4 60 10
19 1 50 10 60 0,4 60 5
20 0,5 50 5 60 0,4 60 10
21 0/5 200 5 30 0,4 30 5
22 0,5 200 5 60 0,4 30 10
23 —b —b Minin}l‘lm —b —b —b —b
tidal
volume
2 Ifthe end-expiratory flow does not reach zero, reduce the set rate until it does.
b The instructions for use shall indicate this value.
NOTE There is guidance or rationale for this table contained in Clause AA.2.

ix) Compare the result with the acceptance criteria derived from the BAP setting for the test
and the resulting difference with the tolerance indicated in the instructions for use.

x) Repeatiii) to ix) for 30 consecutive inflations.
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xi) Repeat iv) to x) for each applicable row (selected by intended tidal volume) of
Table 201.104.

xii) If a humidifier is included in the VBS, repeat the tidal volume tests with the minimum
humidifier water level without re-determining the VBS compliance.

xiii) Unless it can be demonstrated that the worst-case flow pattern (e.g. constant flow,
decelerating flow) has been selected for the tests, repeat ii) to xii) for each flow pattern
available on the ventilator.

xiv) If the ventilator permits operation without compliance correction, repeat ii) to x) without
compliance correction

2) Oxygen (02) error

i) The accuracy of the inspiratory oxygen concentration of the gas delivered'is asgessed by
placing the sensor of an oxygen concentration measuring device at the‘patient-connection
port or inside the test lung. If the sensor is located at the patient-corinection port, the value
of the concentration is the flow-weighted average concentration during the inflation phase.

ii) Evaluate the measured oxygen concentration with the acceptance criteria derived|from the
oxygen setting for the test and the disclosed tolerance.

iii) Compare the resulting difference with the tolerance indicated in the instructions for use. If
the sensor is located inside the test lung, care should be taken to allow sufficient time for
the gas mixture in the test lung to reach a stable concentration. If the sensor is lpcated in
the tubing system, care should be taken to_etisure that the measuring device has a
sufficiently fast response to permit detepmination of the flow-weighted| average
concentration during the inflation phase. If the oxygen concentration measuring device has
pressure dependencies, compensate for these dependencies.

iv) Compare each result with the acceptance criteria derived from the oxygen settinig for the
testin f) 1) and the tolerance indicated in the instructions for use.

2P1.12.1.102 Pressure-control inflation-type

a)] With a pressure-control inflation-type selected and the ventilator operating in normal condition, the
accuracy as determined for the test settings and conditions specified in this document shall be
disclosed in the instructions foruse, as the maximum bias error and maximum linearity error.

EXAMPLE  #(3,0 hPa +5 % of the set pressure); (¥(3,0 cmH20 +5 % of the set pressure) )
b] This disclosure shallinclude at least:

1) the maximum error of the airway pressure (P,,,) at the end of the inflation phase in r¢lation to
the set'value;

2) thesmaximum error of PEEP in relation to the set value BAP; and

3) the maximum error of the inspiratory oxygen (FiO,) concentration at the patient-connegtion port

in relation to the set value.

i) The disclosed accuracies shall include the effects of the range of the rated input oxygen
concentration.

NOTE 1 There is guidance or rationale for this list item contained in Clause AA.2.

c) All of the errors may be reported separately for the following ranges of intended tidal volume:
1) V2300 ml;

2) 300ml 2 Vr 250 ml; and
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3) Vr<50ml

d) The accuracy of the performance of the ventilator shall either be:

1) determined for each VBS configuration indicated in the instructions for use; or

2) determined for the worst-case VBS configuration indicated in the instructions for use. In
determining the worst-case configuration consider use with active and passive humidification.

e) If wd
the N

f) Ched
the fi

NOTE 3

1) E

A

A

iii

rst-case VBS configurations are used, the rationale for their selection shall be documented
jsk management file.

k conformity by inspection of the risk management file for the rationale, if applicable, and wi
bllowing tests.

[n some cases, the following tests can be carried out simultaneously.

nd-inspiratory and end-expiratory pressure errors

NOTE 4 Additjetal information on the construction of an isothermal test lung is found
Reference [59].

i) If the/ventilator is equipped with tidal volume monitoring equipment, determine the

Set up the ventilator as shown in Figure 201.102.

If applicable, determine or input the VBS compliance'required for compliance correction
indicated in the instructions for use and activate this correction. If a humidifier is used, f|
the humidifier to the maximum water level prief’to determining the VBS compliance.

Use the test parameters and settings of‘the first applicable row (selected by typid
intended tidal volume) of Table 201.105.Wait until steady-state conditions are achieved.

Determine the airway pressure at.the end of the inflation phase as the average over the

preceding 50 ms.

Compare the result with the-acceptance criteria derived from the pressure setting for the

test and the tolerance indicated in the instructions for use.

Determine the tidal velume, for example via integration of the flow signal provided by
calibrated flow sensor-located at the patient-connection port, or by the product of the te
lung compliance~and the measured change of test lung pressure, compensated f
temperature effects due to fast compression of the gas, if necessary.

aceuracy of the tidal volume monitoring equipment by comparing its reading to the tid|
volume determined in vi). Refer to Table 201.105.

n

th

hS
1

al

a
St
pr

in

al

viil) Determine the PEEP as the average of the airway pressure measurements over the last

50 ms of the expiratory phase.

ix) Compare the result with the acceptance criteria derived from the BAP setting for the test

and the tolerance indicated in the instructions for use.

x) Repeatii) to ix) for 30 consecutive inflations.

xi) Repeat ii) to x) for each applicable row (selected by intended tidal volume) of

Table 201.105.

xii) If a humidifier is included in the VBS, repeat the airway pressure tests with the minimum

50

humidifier water level without re-determining the VBS compliance.
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Table 201.105 — Pressure-control inflation-type testing

Intended Test lung parameters Ventilator settings
tidal Compliance Linear Set rateP Inspiratory A FiO: BAP
Test | volume? Resistance time¢ inspiratory
number [491166][69] pressured
ml/hPa hPa-(1/s)1 hPa
ml +10 % +10 % breaths/min s hPa % | (cmH:0)
i - B - B - Temble | |
pressure
2 500 50 5 20 1 10 30 5
3 500 50 20 12 1 15 90 10
4 500 20 5 20 1 25 90 5
5 500 20 20 20 1 25 30 10
6 300 20 20 20 1 15 30 5
7 300 20 50 12 1 25 90 10
8 300 10 50 20 1 30 90 5
9 200 10 10 20 1 25 30 10
10 50 3 10 30 0,6 15 30 5
11 50 3 20 30 0,6 15 30 10
12 50 3 50 20 0,6 25 60 5
13 30 3 20 30 0,6 10 30 5
14 30 3 50 20 0,6 15 90 10
15 30 1 20 30 0,6 30 90 5
16 30 1 100 30 0,6 30 30 10
17 20 1 200 50 0,4 20 30 5
18 15 1 200 50 0,4 15 60 10
19 10 1 50 60 0,4 10 60 5
20 5 0,5 50 60 0,4 15 60 10
21 5 0,5 50 30 0,4 10 30 5
22 5 0,5 200 60 0,4 15 30 10
23 —e —e —e —e —e Minirr‘u?m —e —e
pressure

€ The instructions for use shall indicate this value.

b 1fthe end-expiratory flow does not reach zero, reduce the set rate until it does.

d For the purposes of this test, the set pressure is relative to set BAP.

NOTE There is guidance or rationale for this table contained in Clause AA.2.

2 The volume in this column is intended to be used for the selection of the test conditions and parameters based on the intended tidal volume
of the ventilator.

€ The rise time of the ventilator should be set to a value that ensures that the set pressure can be reached within the inspiratory time.
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a)

b)

52

xiii) Unless it can be demonstrated that the worst-case flow pattern (e.g. constant flow,

decelerating flow) has been selected for the tests, repeat ii) to xii) for each flow pattern
available on the ventilator.

xiv) If the ventilator permits operation without compliance correction, repeat ii) to xiii) without

compliance correction.

2) Oxygen (FiO,) error

i) The accuracy of the inspiratory oxygen concentration of the gas delivered is assessed by

]

201.12.}[1.103 Other inflation-types

If ot
oper

1) th
2) th

as de
3) T
rd

All o
of in

1) v

placing the sensor of an oxygen concentration measuring device at the patient-connectign
port or inside the test lung. If the sensor is located at the patient-connection port, the'vallie
of the concentration is the flow-weighted average concentration as a functiom)of ﬂo‘k/v
during the inflation phase.

i) Evaluate the measured oxygen concentration with the acceptance criteria detived from the
oxygen setting for the test and the disclosed tolerance.

ii) Compare the resulting difference with the tolerance indicated in thenStructions for use.|If
the sensor is located inside the test lung, care should be taken to dllow sufficient time for
the gas mixture in the test lung to reach a stable concentration.(Ifjthe sensor is located |n
the tubing system, care should be taken to ensure that the)measuring device has|a
sufficiently fast response to permit determination of*%the flow-weighted average
concentration during the inflation phase. If the oxygen concentration measuring device has
pressure dependencies, compensate for these dependericies.

v) Compare each result with the acceptance criteria derived from the oxygen setting for the
testin f) 1) and the tolerance indicated in the instructions for use.

er inflation-types are provided, then with each other inflation-type selected and the ventilatpr
hting in normal condition,

e performance at the patient-connection port; and
eir acceptance criteria;

rermined by the manufaeturer, shall be disclosed in the instructions for use.

ne disclosed performance and acceptance criteria shall include the effects of the range of the
ted input oxygen eoncentration.

[ the perfornfance and acceptance criteria may be reported separately for the following ranges
tended tidalvolume:

> 300.ml;

2) 3

Oanl > Vr>50ml; and

3) Vr<50ml.

The acceptance criteria of the performance of the ventilator shall either be:

1) determined for each VBS configuration indicated in the instructions for use; or

2) determined for the worst-case VBS configuration indicated in the instructions for use. In
determining the worst-case configuration consider use with active and passive humidification.

NOTE The worst-case VBS configuration can be different for each error or each nominal tidal volume
range.
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If worst-case VBS configurations are used, the rationale for their selection shall be documented in

the risk management file.

Check conformity by inspection of the instructions for use, inspection of the risk management file for the
rationale, if applicable, and with the tests specified by the manufacturer.

201.12.1.104 Inspiratory volume monitoring

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

a

If the ventilator is equipped with inspiratory volume monitoring equipment, the ac¢ura
inspiratory volume monitoring equipment shall be disclosed in the instructions for use)

For actual tidal volumes greater than 50 ml, the accuracy of the inspiratory-volume m
equipment shall be within *(4,0 ml +15 % of the actual inspiratory volume).

neck conformity with the following.

pnfirm that the inspiratory volume monitoring equipment accuracy as meas
01.12.1.101 f) 1) vii) and 201.12.1.102 f) 1) vii) is within the accuracy disclosed in the instru
e. For tidal volumes greater than 50 ml ensure that the accufdcy disclosed in the instructions
4,0 +(15 % of the actual inspiratory volume)) ml or better;

01.12.1.105 Response of the ventilator to an increase in set oxygen (0,)
concentration

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

The length of time required for the“oxygen concentration in the tidal volume to change
oxygen concentration of 21 %.toyan oxygen concentration of 90 % of the maximum a
delivered oxygen concentratiansshall be disclosed in the instructions for use.

The worst-case input oxygen concentration within the rated range shall be used for this teg

The time shall be Treported separately, as appropriate, at tidal volumes for each inten
volume under thetonditions of Table 201.106, using:

1) the worst-case VBS; or
2) thexpaximum internal volume VBS and

3)\if bias flow or continuous flow controls are provided, at:

cy of the

pnitoring

ured in
rtions for
for use is

from an
thievable

t.

ded tidal

i) the minimum bias flow, or

ii) the minimum continuous flow.

d) The time may be reported separately for:

1) each VBS; or

2) as a maximum (for the worst-case VBS and minimum tidal volume).

e) Check conformity with the following tests.

©
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1) Set up the ventilator as shown in Figure 201.103 using the worst-case VBS or using the
maximum internal volume VBS. If the VBS includes a humidifier, use the minimum humidifier
water level indicated in the instructions for use.

2) Use the test conditions for the first applicable column available on the ventilator (selected by
intended tidal volume range) in Table 201.106.

6
Key
1  ventilgtor under test 5  dataacquisition system
2 pressfyire sensor 6  resistance
3  flow gensor 7  testlung
4  oxygen sensor

Figure 201.103 — Oxygen concentration change test setup
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Table 201.106 — Test conditions for oxygen concentration change tests

Test condition
Adjustable parameter For a ventilator intended to provide tidal volume
V12300 ml 300ml = Vr=50ml Vr <50 ml
Tidal volume, Vta 500 ml 150 ml 30 ml
Set rate 10 breaths/min 20 breaths/min 30 breaths/min
[:E ratio 1:2 1:2 1:2
Resistance, Rb[491166]16] 5hPa-(1/s) "1+ 10 % 20 hPa-(I/s) "1 £ 10 % 50 hPa-(l/s)<1# 10 %
4 Vy is determined by using the settings of the ventilator.
b The accuracy for R applies over the ranges of the measured parameters.

3)

4)

5)

6)

7)

8)

9)

Ventilate the test lung with a set oxygen concentration of 21 %.

Wait until equilibrium is reached in the inspired oxygen concentration at the patient-c
port.

Change the set oxygen concentration to the maximuntdelivered oxygen concentratior]
ventilator permits.

Measure the time delay between setting the new’ concentration and achieving 90 % of]

nnection

that the

the final

oxygen concentration during inspiration at-the patient-connection port. If the sensor is located
inside the test lung, care should be taken to'allow sufficient time for the gas mixture ip the test

lung to reach a stable concentration. Ifthe sensor is located in the tubing system, care §

hould be

taken to ensure that the measuring device has a sufficiently fast response td permit

determination of the flow-weighted/average concentration during the inflation phase.

Ensure that the measured time delay is less than or equal to that indicated in the instrugtions for

use.

Repeat 3) to 7) for each applicable column (selected by intended tidal volume tange) in

Table 201.106.

If the ventjlator is provided with bias flow during the expiratory phase, repeat 3) to 8) at the

minimum bias flow setting available on the ventilator.

10) If the ventilator is provided with continuous flow throughout the respiratory cycle, repeat 3)

to:8) at the minimum continuous flowrate setting available on the ventilator.

1.12.4 Protection against hazardous output

Addition:

201.12.4.101 Oxygen monitor

a) The ventilator shall either:

1) be equipped with oxygen monitoring equipment for the measurement of the inspiratory oxygen
concentration (e.g. in the inspiratory limb or at the patient-connection port) that is integral to the

ventilator; or

© IS0 2023 - All rights reserved

55


https://standardsiso.com/api/?name=de8f4da83c6c691a28914206628835bd

IS0 80601-2-12:2023(E)

2) th

e instructions for use shall contain a statement to the effect that the ventilator is to be equipped

with oxygen monitoring equipment for measurement of the inspiratory oxygen concentration

(e

.g. in the inspiratory limb or at the patient-connection port) before being put into service.

b) Integrated oxygen monitoring equipment shall conform with the following subclauses of ISO 80601-
2-55:2018:

1) 201.7.4.3;

2) 20t7929101ky;

3) 2

]

4) 2
5) 2
6) 2

c) Whet
use s

d) The g
a hig

e) TheHh

1) sh

2) an intelligent alarm system, based"on additional information, determines that the high oxygen

lej

NOTE

Check ¢
ISO 8060

201.12.
NOTE

1.12.1.101;

) None of the display of the ventilator shall be blanked when fulfilling the requirement pf
ISO 80601-2-55:2018,201.12.1.101.4.1 c).

1.12.1.102;
1.12.1.103; and
8.6.1.2.

e the oxygen monitoring equipment is not an integral part,efthe ventilator, the instructions fpr
hall include information on where to connect the oxygenmonitoring equipment.

9%
wn

xygen monitoring equipment shall, in addition, be equipped with an alarm system that includ
h oxygen level alarm condition.

igh oxygen level alarm condition:

all be at least medium priority; unless
vel alarm condition is suppressed or its priority is changed.
A low oxygen level alarm cendition is required by ISO 80601-2-55.

pnformity by inspection of the instructions for use or application of the tests pf
1-2-55:2018.

1.102 .‘Measurement of airway pressure

There\is-guidance or rationale for this subclause contained in Clause AA.2.

a) The

verttifatorsiatt be equipped With rrronitoring equipTient to Teasure the airway pressure.

b) The site of actual measurement:

1) may be anywhere in the ventilator breathing system; but

2) the indicated value shall be referenced to the patient-connection port.

c) Under steady-state conditions, the indicated airway pressure shall be accurate to within #(2 hPa
+4 % of the actual reading) (¥(2 cmH,0 +4 % of the actual reading) ).

Check co

56

nformity by functional testing.
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201.12.4.103 Measurement of expired volume and low volume alarm conditions

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

201.12.4.103.1 Ventilators intended to provide a tidal volume >50 ml

a) Aventilator intended to provide a tidal volume greater than 50 ml shall either:

1) be equipped with monitoring equipment for indicating the volume expired through the patient-

caonnactian oyt Ay
CUTHTCCTTUTT D UTT,~OUT

2) if not so equipped, the instructions for use shall include a statement to the gffect|that the
ventilator is to be equipped with monitoring equipment that conforms with this,document before
being put into service.

i) Information on where to connect the expired volume monitpring equipment|shall be
disclosed in the instructions for use.
b) Ifequipped,

1) the accuracy of measurement of expired volumes greatér than 50 ml shall b within
*(4,0 ml+15 % of the actual volume expired through the patient-connection port).

2) the accuracy of expired volume monitoring equipnient shall be disclosed in the instrugtions for
use.

i) The disclosed accuracies shall includethe effects of the range of the rated inpuyt oxygen
concentration.

NOTE The use of Oxygen 93 % cai‘reduce the accuracy of measurement due to influende of other
gases such as argon on flow measurement.

3) the expired volume monitoriig equipment shall be equipped with an alarm system tq indicate
when:
i) the low expired-volume alarm limit is reached; and
ii) the high expired volume alarm limit is reached.

4) the low expirédyvolume and the high expired volume alarm conditions:

i) shall be at least medium priority; unless
ii) - an'intelligent alarm system, based on additional information, determines that
[) the low expired volume alarm condition or

I1) the high expired volume alarm condition

1S suppressed or 1ts priority 1s changed.

5) the expired volume monitoring equipment may be equipped with an alarm system that:

i) starts with low priority alarm conditions to indicate when the expired volume reaches
either alarm limit; and

ii) if this state continues, escalates to medium priority alarm conditions.

6) the expired volume alarm limits may be:

i) pre-adjusted;

ii) responsible organization-configurable;
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NOTE 1 There is guidance or rationale for this list item contained in Clause AA.2.

iii) healthcare professional operator-adjustable;
iv) ventilator-adjustable; or
v) acombination of healthcare professional operator-adjustable and ventilator-adjustable.

7) if the alarm limits are adjustable by the ventilator, a summary description of the algorithm that
determines the alarm limit values shall be disclosed in the instructions for use.

NOTEZ Depending on the type of ventilation-mode being used, there can be more than one active alarm Ilimit.

Check canformity by functional testing using the test conditions described in Table 201.104 and
Table 20[1.105 selecting the appropriate rows based on intended tidal volume and inspection of the
instructigns for use. Select and set up the worst-case VBS configuration indicated in the {aStructions fpr
use.

EXAMPLE Minimum or maximum VBS compliance.

For testimg with a humidifier, repeat the tests at the minimum and maximuny¥water levels (2 sets of tesfts
for a huntidifier).

201.12.4.103.2 Ventilators intended to provide a tidal volume <50 ml

a) Ifaventilator is intended to provide a tidal volume <50 mlyit'may be equipped with expired volune
monlitoring equipment.

b) The pccuracy of the expired volume monitoring equipment at an expired volume <50 ml shall e
disclpsed in the instructions for use.

1) The disclosed accuracies shall include the effects of the range of the rated input oxygen
cgncentration.

NOTE 1 The use of Oxygen 93 % cah.réduce the accuracy of measurement due to influence of other gasps
suchfas argon on flow measuremént.

c) The expired volume monitoring equipment may be equipped with an alarm system to indicate when
the gxpired volume reaches the low expired volume alarm limit.

d) The low expired %olume alarm condition:

1) shall be atléast low priority; unless

2) an intelligent alarm system, based on additional information, determines that:

i) thelow expired volume alarm condition is suppressed; or
ii) its priority is changed.

e) Ifprovided, the expired volume alarm limit may be:
1) pre-adjusted;
2) responsible organization-configurable;

NOTE 1 There is guidance or rationale for this list item contained in Clause AA.2.

3) healthcare professional operator-adjustable;
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4) ventilator-adjustable; or

5) acombination of healthcare professional operator-adjustable and ventilator-adjustable.

f) If the alarm limit is adjustable by the ventilator, a summary description of the algorithm that

determines the alarm limit values shall be disclosed in the instructions for use.

NOTE 3 Depending on the type of ventilation-mode being used, there can be more than one active alarm limit.

Check conformity by functional testing using the test conditions described in Table 20,1
Table 201.105 selecting the appropriate rows based on intended tidal volume and inspecti
instructions for use. Select and set up the worst-case VBS configuration indicated in thé instru
uge.

EXAMPLE Minimum and maximum VBS compliance.

For testing with a humidifier, repeat the tests at minimum and maximum water levels (2 sets o
a humidifier).

2P1.12.4.104 Expiratory end-tidal CO2 monitoring equipment

NPTE  There is guidance or rationale for this subclause contain€djin Clause AA.2.

a)] If a ventilator intended to provide a tidal volume <50 ml is not equipped with expireq
monitoring equipment (see 201.12.4.103.2), the ventilator shall either:

1) be equipped with CO; monitoring equipment for the measurement of the expirator
dioxide concentration (e.g. in the expiratory limb or at the patient-connection por
integral to the ventilator; or

2) the instructions for use shall ¢ontain a statement to the effect that the ventilator is to be
with CO, monitoring equipment for the measurement of the expiratory carbon
concentration (e.g. in the expiratory limb or at the patient-connection port) before being
service.

i)  The instructions for use shall include information on where to connect the CO, m
equipmerng.

b) Integrated <CO2 monitoring equipment shall conform with the following subclg
ISO 80601<2-55:2018:

1) 201.7.4.3;

104 and
n of the
ctions for

[ tests for

| volume

y carbon
) that is

bquipped
dioxide
r put into

pnitoring

huses  of

2) 201.7.9.2.9.101 k);

3) 201.12.1.101;

i) None of the display of the ventilator shall be blanked when fulfilling the requir
ISO 80601-2-55:2018,201.12.1.101.4.1 c).

4) 201.12.1.102;
5) 201.12.1.103; and

6) for expired CO, concentration, 208.6.1.2.

Check conformity by inspection.
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201.12.4.105 Maximum limited pressure protection device

NOTE 1 There is guidance or rationale for this subclause contained in Clause AA.2.

A protection device shall be provided to prevent the airway pressure from exceeding for more than
200 ms the lower of:

a) 20 hPa (20 cmH,0) more than the high airway pressure alarm limit; or

b) 1251
NOTE 2

NOTE 3

Check co

201.12.
NOTE 1

a) The
the h

b) The}

1) sk

2) an intelligent alarm system, based on additipnal information, determines that:

]

]

c) TheHh

1) independently adjustable; or

2) rd

d) It sh
maxi

e) Mearn

{10 O
d LLLJ bllllleJ.
This requirement applies in both normal condition and single fault condition. See 201.3.265.

See also 201.12.4.106 and 201.12.4.110.

hformity by functional testing.

1.106 High airway pressure alarm condition and protection’device

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

entilator shall be equipped with monitoring equipment with)an alarm system to indicate wh¢n
jgh-pressure limit for airway pressure is reached during.the entire respiratory cycle.

igh airway pressure alarm condition:

jall be high priority; unless

) the high airway pressure alarm-¢ondition is suppressed; or
i) its priority is changed.

igh airway pressure alarm-imit may be:

lated to the set pressure of the ventilator.

hll not be possible to set the high airway pressure alarm limit to a value greater than the
mum limited pressure.

sshall be provided to require the operator to perform a deliberate sequence of actions o

confi

rm-the Qpﬂ'ing of the high airway pressure alarm limit to values m(rppding the lower of:

1) 20 hPa (20 cmH,0) more than the maximum set airway pressure; or

NOTE 2 An example of the maximum set pressure is the sum of the set BAP and the set A4 inspiratory

pressure.

N

OTE 3 An example for a bi-level positive airway pressure ventilation-mode, is the sum of the set BAPu

and the set Ay inspiratory pressure. See 1SO 19223:2019, Figure C.33.

N

OTE 4 The operator-set pressure does not apply when by design the ventilator adjusts the airway

pressure on a breath-by-breath basis.
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2) 60 hPa (60 cmH;0).

Patient-generated transient pressure increases should not cause the high airway pressure alarm

condition.

EXAMPLE A transient pressure increase caused by the patient coughing.

The high airway pressure alarm condition delay shall not exceed 200 ms and the ventilator shall:

4 —t PR f—t +1 - PSS T | 1 COR T, RS | ] 1
1) dCU LU dlCIIIPU LU LaUST LI PITSSUIT LU SLAIL LU UTULIIIC WILHILIT tildat Ul dUull, 411U

2) act to prevent the pressure from continuing to rise.

In normal condition, whenever the high airway pressure alarm condition occurs, the ventilgtor shall

reduce the airway pressure to the set BAP level within the lesser of:
1) two respiratory cycles; or

2) 15s.

During single fault condition, the ventilator shall reduce the agirway pressure to the set BAP level or

below within no more 30 s.

Check conformity by functional testing.

201.12.4.107 PEEP alarm conditions

The ventilator shall be equipped with mdnitoring equipment with an alarm system that detects an
alarm condition to indicate when the end-expiratory pressure is above the high PEEP alarm|limit.

The ventilator may be equipped. with monitoring equipment with an alarm system that dgtects an

alarm condition to indicate when the end-expiratory pressure is below the low PEEP alarm
Both the high and low PEEP alarm conditions:

1) shall be of at least medium priority; unless

/imit.

2) an intelligént alarm system, based on additional information determines that the high or low

PEEP alarm condition:
i)\ Jis suppressed; or
il) the priority is changed.

The alarm condition delay for high PEEP alarm condition shall not exceed the duration

of three

inflations.

Check conformity by functional testing with every VBS indicated in the instructions for use.

NOTE  To perform this test, modification of the ventilator to disable the BAP control can be required.

201.12.4.108 Obstruction alarm condition

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

a) The ventilator shall be equipped with monitoring equipment with an alarm system that detects a

technical alarm condition to indicate when the alarm limit for obstruction is reached.

© IS0 2023 - All rights reserved
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b)

d)

g)

EXAMPLE  Alarm condition to warn of:

— an obstructed inspiratory or expiratory breathing tube;
— a blocked exhalation valve; and
— a blocked expiratory breathing system filter.

The obstruction technical alarm condition:

1) shall be high priority, unless

The d
1) ty
2) 5

whid

Whenever the obstruction alarm condition occurs, the ventilator shall, within no more than one

respi
1) at
2) th

The 1
obstr

If eqiipped with the protection device, the pressure drop measured at the patient-connection po

with
1) 3
2) 1
3) 2

The ¢

jgent alarm

alarm condition:

) is suppressed; or
i) its priority is changed.

larm condition delay shall not exceed more than
Vo respiratory cycles or
S,

hever is greater.

ratory cycle, reduce the airway pressure to either:
mospheric pressure; or

e set BAP level.

bentilator should be equipped with a, protection device to allow spontaneous breathing whe

uction occurs.

hll recommended accessoriés:in place, shall not exceed 6,0 hPa (6,0 cmH,0) at a flowrate of:

D 1/min for a ventilaterintended to provide tidal volume, V1 = 300 ml;
b 1/min for a ventilator intended to provide tidal volume, 300 ml = V1 = 50 ml; and
5 1/min for\awventilator intended to provide tidal volume, V1 < 50 ml.

ccompanying document shall describe:

n

T,

1) t

e means hy which the obstruction alarm condition is determined: and

2) ameans to test the obstruction alarm condition.

Check conformity by functional testing with each VBS indicated in the instructions for use, in accordance
with the test method described in the accompanying document.

201.12.4.109 Disconnection alarm condition

NOTE 1 There is guidance or rationale for this subclause contained in Clause AA.2.
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The ventilator shall be equipped with an alarm system that detects a technical alarm condition to

indicate when conditions in the VBS reach the alarm limit for disconnection.

NOTE 2 Disconnection can be detected using one or more means, for example measurement of pressure at

the ventilator gas output port, measurement of flow at the exhalation valve or measurement of expired flow or

end-tidal CO: at the patient-connection port.

The disconnection technical alarm condition shall be at least medium priority.

Means shall be provided to require the operator to periorm a deliberate sequence oL dctions to

confirm the setting of alarm off or audio off for the disconnection technical alarm condition.

The instructions for use shall disclose the maximum alarm condition delay of €he”disca
technical alarm condition.

The instructions for use shall disclose any use scenarios in which deé¢annulation migh
detected as a VBS disconnection.

nnection

t not be

EXAMPLE For a neonatal ventilator normally intended to be used with.a flow sensor placed befween the
patient-connection port and the tracheal tube, use of the ventilator with.the flow sensor disconnected.
Check conformity by functional testing and inspection of the instructions for use.
2P1.12.4.110 Protection against inadvertentisetting of high airway pressure
]Vleans shall be provided to require the operator to;perform a deliberate sequence of actions t¢ confirm
amny airway pressure settings exceeding 60 hPa (60 cmH;0). See also 201.12.4.106 e) and 206.101 a) 6).
Check conformity by functional testing.
2P1.12.101 Protection against/accidental or unintentional adjustments
NPTE 1 There is guidance or rationale for this subclause contained in Clause AA.2.
a] The ventilator shall include a means for the healthcare professional operator to confirm the
ventilation-modecand settings:
1) during the start-up procedure; and
2) when the ventilation-mode is changed during use.
b] Means of protection shall be provided against accidental or unintentional adjustment of| controls
that can create a hazardous situation, including against accidently turning the ventilator off.
c) The usability of these means of protection shall be evaluated in the usability engineering process.
NOTE 2 The requirements for the usability engineering process are found in

IEC 60601-1:2005+AMD1:2012+AMD?2:2020, 12.2 and IEC 60601-1-6:2010+AMD1:2013+AMD2:2020.

Check conformity by functional testing and inspection of usability engineering file.

201.13 Hazardous situations and fault conditions for ME equipment

[EC 60601-1:2005+AMD1:2012+AMD2:2020, Clause 13 applies, except as follows:
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Addition:

201.13.2.101 Additional specific single fault conditions

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

A ventilator shall be so designed and constructed that the following single fault conditions shall not
cause an unacceptable risk:

a) discpnnection or blockage of the gas delivery to the patient-connection port from the ventilatog;

b) when present, disconnection or blockage of the gas flow pathway from the patient-connectign
port ko the ventilator;

c) failure to install, removal or failure of a healthcare professional operator-detachable breathing
system filter; and

d) interruption of a functional connection between parts of the ventilator or ME system.

EXAMPLE1 Loss of communication between the ventilator and its remate(wired or wireless) control pr
moniforing module.

EXAMPLE 2  Loss of communication between the ventilator and itsdistributed alarm system.

Check copformity by functional testing and inspection of risk hanagement file.

201.13.2.102 Failure of one gas supply to a ventilator

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

a) For g ventilator with multiple high-pressure gas supplies, following the failure of one gas supply the
ventilator shall:

1) continue ventilation using théwther gas supply;
2) maintain basic safety; and
3) miaintain essential(performance.

b) The pentilator shall be equipped with an alarm system that detects a technical alarm condition to
indidate this.gas supply failure.

c) The gas’supply failure technical alarm condition:

1) shall be at least low priority; unless

2) an intelligent alarm system, based on additional information, determines that the gas supply
failure technical alarm condition is suppressed.

Check conformity by functional testing.

201.13.2.103 Independence of ventilation control function and related risk control
measures

NOTE  There is guidance or rationale for this subclause contained in Clause AA.2.
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a) Asingle fault condition shall not cause the simultaneous failure of:
1) aventilation control function; and

2) the corresponding protection device.

b) A single fault condition shall not cause either of the following to fail in such a way that the loss of the

ventilation control function is not detected:

1) alods . 1£ 4 Jd +la = 4 H H £,
1] 4 VCIIIduuIiT CUIIRT UT TUITICUIUIT AITU THICT CUTT TS DUITUINTS TITUTITLUT TTITY CYUTpIine T, Ul

2) aventilation control function and the corresponding alarm system

Check conformity by inspection and functional testing.

2P1.13.2.104 Failure of functional connection to a ventilator control or monitori}
means

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

a] Following the failure of a functional connection to a ventilator control or monitoring m
ventilator shall continue to ventilate the patient.

b] The ventilator shall be equipped with an alarm system that detects a technical alarm cof
indicate this communication failure.

c) The communication failure technical alarm.gondition:
1) shall be at least medium priority; unless

2) an intelligent alarm system, baSed on additional information, determines that the comm
failure technical alarm condition:

i) is suppressed; et

ii) the priority is.¢hanged.

Check conformity by functional testing.

201.14 Pregrammable electrical medical systems (PEMS)

IHC 60601-1:2005+AMD1:2012+AMD2:2020, Clause 14 applies, except as follows:

ng

eans, the

dition to

inication

Addition:

201.14.1 General

aa) The programmable electronic subsystems (PESS) of a ventilator shall be developed with
process conforming with:

1) IEC 62304:2006+AMD1:2015; and

2) IEC81001-5-1:2021.

© IS0 2023 - All rights reserved
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bb) The ventilation control software items of the ventilator PESS without an independent hardware risk
control measure shall be considered as software safety Class C.

Check co
software

201.14.
a) The

to cypersecurity threats.

b) Risk
impl

1) Ejsential function: After disconnection of all data interfaces to IT-network conhéctions possiblly
subject to attack (via physical or logical disconnection), if necessary, after nestarting the critidal
cgre ventilator once, all clinical functions except those related to)the affected remote
fynctionality should be in place and operate as intended.

2) Firecall functions: As a critical care ventilator is used with healthcare professional operatpr
supervision, the user interface need not require authenticatiof for operators and thus need npt
require firecall functions. If authentication for operators to Joperator accessible settings is [n
place also for the user interface, a firecall function sheuld be able to overrule that operatpr
authentication combined with a log entry protected against modifications by the operator (ile.
rgsponsible organization log). IT-network interfacesdncluding those for remote access typically
rgquire authentication but should not include firee¢all functions.

3) T

201.13 Construction of ME equipment

IEC 606011-1:2005+AMD1:2012+AMD2:2020, Clause 15 applies, except as follows:

Addition:

201.15.

201.15.
NOTE

expected security level of SL-T, as specified in IEC/TR 60601-4-5:2021, is 1 or better. Howevgr,
aythentication of operators is not required for the user interface, only for access via dafa
interfaces. The expected security level of SL-T, as specified in IEC/TR 60601-4-5:2021, is 2 ¢r
better for secure updates or restorage of software, remotely or locally.

nformity by inspection of the documentation required by IEC 62304:2006+AMD1:2015 for the
safety class (the requirements are found in 1.4 of IEC 62304:2006+AMD1:2015).

102 Cybersecurity capabilities of critical care ventilators

design and manufacture of a critical care ventilator should contribute to safe operation related

control measures as specified in IEC/TR 60601-4-5:2021, Clauses 4 to 7, should be
bmented, as appropriate, with the following additions to IEC/TR 60601-4-5:2021, 4.6.3.

hirget security level SL-T: For user interfaces’and for remote setting of clinical functions, the

B.5¢101 Additional requirements for rough handling

3.5.101.1 Shock and vibration (robustness)

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

a) A ventilator and its parts, including applicable accessories shall have adequate mechanical strength
when subjected to mechanical stress caused by normal use, pushing, impact, dropping and rough
handling.

b) Stati

onary ME equipment is exempt from the requirements of this subclause.

c) After the following tests, the ventilator shall:

1) maintain basic safety and essential performance; and
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2) conform with the requirements of 201.12.1 and 201.12.4.

NOTE 1 A ventilator tested and conforming with a more severe requirement is considered to conform with

the corresponding requirement of this subclause.

d) Check conformity by performing the following tests:

1) Shock test in conformity with IEC 60068-2-27:2008, using the following conditions:

i) testtype: Type 1:
[) peakacceleration: 150 m/s2 (15 g);
II) duration: 11 ms;
IIT) pulse shape: half-sine; and
IV) number of shocks: 3 shocks per direction per axis (18 total);

or

ii) testtype: Type 2:
[) peakacceleration: 300 m/s2 (30 g);
1) duration: 6 ms;
III) pulse shape: half-sine; and
IV) number of shocks: 3 shocks per diréction per axis (18 total).
2) Broadband random vibration test in conformity with IEC 60068-2-64:2008+AMD1:20
the following conditions:

NOTE 3 This represents IEC/TR60721-4-7:2001, Classes 7M1 and 7M2, modified.

i) acceleration amplitude:
[) 10 Hzto 100 Hz:1,0 (m/s2)2.-Hz1; and
II) 100 Hz to 500 Hz: —6 db per octave;
ii) duration: 30 min per perpendicular axis (3 total).

e] Confirm that-basic safety and essential performance and the requirements of 201.12.1 and
are maintgined following the tests.

2p1.15,3.5.101.2 Shock and vibration for a transit-operable ventilator during
operation

19, using

201.12.4

NOTE There 1s guidance or rationale for this subclause contained in Clause AA.Z.

a) A ventilator and its parts, including applicable accessories, intended for transit-operable use (during
patient transport inside a healthcare facility) shall have adequate mechanical strength when

subjected to mechanical stress caused by normal use, pushing, impact, dropping and rough
while operating.

handling

b) For this test, the ventilator and its parts, and applicable accessories, shall be mounted using the

mounting accessories indicated in the accompanying documents.

If more than one mounting system is described in the accompanying documents, multiple
required.

© IS0 2023 - All rights reserved
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g)

68

NOTE A ventilator tested and conforming with a more severe requirement is considered to conform with

the corresponding requirement of this subclause.

During the following test, a ventilator shall maintain basic safety and essential performance while
ventilating a test lung using the worst-case conditions and parameters of Table 201.102, selected

by in

tended tidal volume, as appropriate.

Perform the tests with a volume-control inflation-type or a pressure-control inflation-type, as

appli

cable.

Duri

1) th
in

2) tH
th

]

3) th
Pi

4) tH
d

]

Duri
least]

Ched

1) Shock test in conformity with IEC 60068-2-27:2008, using the following conditions:

]

hg the testing, the error of:

e inspiratory volume of individual inflations shall not deviate by more than 35% of the
spiratory volume measured prior to the test;

e inspiratory volume averaged over a one min interval shall not deviate by tore than 25 % pf
e inspiratory volume measured prior to the test;

) One-minute averaged testing need not be performed if the inspiratory volume of individull
inflations does not deviate by more than 25 %.

e PEEP of individual inflations shall not deviate by more than-5,0 hPa (5,0 cmH,0) from the
FEP measured prior to the test; and

e delivered FiO; (inspiratory oxygen concentration),averaged over a one min interval shall npt
bviate by more than the deviation disclosed by the manufacturer in the instructions for use.

) One-minute averaged testing need not be performed if the FiOof individual inflations dogs
not deviate by more than the deviation(isclosed by the manufacturer in the instructiops
for use.

g this testing, the alarm limits for volume and pressure alarm conditions shall be set to thdir
sensitive levels.

k conformity by performing the following tests:

) testtype: Type'®;
[) peakacceleration: 50 m/s2 (5 g);
II) duratien: 6 ms;
[1I) pulse shape: half-sine; and
I¥) humber of shocks: 3 shocks per direction per axis (18 total).

2) B

the following conditions:

i) acceleration amplitude:

I) 10 Hzto 100 Hz: 0,33 (m/s2)2.Hz"1; and
II) 100 Hz to 500 Hz: —6 db per octave;

ii) duration: 30 min per perpendicular axis (3 total).

3) Free fall in conformity with IEC 60068-2-31:2008, using Procedure 1 and the following
conditions:

i) fall height:
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[) formass<1kg, 0,25 m;

II) for mass>1kgand <10 kg, 0,1 m;

III) for mass > 10 kg and < 50 kg, 0,05 m; and
IV) for mass > 50 kg, 0,01 m

ii) number of falls: 2 in each specified attitude.

4) Confirm that during these tests:

A

ad

A

a

ii) the inspiratory volume, PEEP and delivered FiO; are within the indicated limits d
tests.

01.15.4.1 Construction of connectors

mendment (add as the first paragraph):

this requirement.

01.15.101 Mode of operation

ventilator shall be suitable for continuous operation.

neck conformity by inspection.

01.15.102 Delivered oxygen concentration

A ventilator shall be capable of supplying gas with an oxygen concentration over the ra
ambient to at least 95 % of the input oxygen concentration at the patient-connection port.

The oxygen concentration shall include the effects of:

1) the range of the rated input oxygen concentration;
2) the available flow from the oxygen source; and

3) the delivered flowrate to the patient-connection port.

neck conformity by functional testing.

01,15:103 Accessory self-check

A ventilator shall be equipped with means that allow the determination of whether or no

uring the

1) Healthcare professional operator-detachable gas pathway connectors-in the VBS are exempt from

hge from

[ the VBS

resistance and compliance characteristics fall outside the values necessary to maintain normal

operation.

NOTE Additional requirements are found in 201.7.9.2.8.101.

b) This means may require operator action.

Check conformity by functional testing.
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201.16 ME systems

IEC 60601-1:2005+AMD1:2012+AMD2:2020, Clause 16 applies, except as follows:

Addition:

201.16.

1.101 Additional general requirements for ME systems

Accessories connected to the VBS shall be considered to

a) bep

irt of the ventilator; or

b) formlan ME system with the ventilator.

For accegsories as part of the ventilator, check conformity in combination with the ventilator.

The testing need not to be repeated for each combination for a family of accessories with a family

ventilato

rs. See 201.5 for worst case combinations.

For acdessories forming an ME system with the ventilatorss apply the requirements
IEC 606011-1:2005+AMD1:2012+AMD2:2020, 16.1. Check conformity by application of the releva
tests of [EC 60601-1:2005+AMD1:2012+AMD2:2020, 16.1, and by application of the relevant tests.

201.16.
NOTE

Amendm

100)

rq

E}
dg
b¢

201.17
IEC 6060

Addition:

P Accompanying documents of an ME system

There is guidance or rationale for this subclause gontained in Clause AA.2.

bnt (add after element c)):

spiratory gas humidifier to-function according to its specification.

KAMPLE 100 A blower/turbine-based ventilator operating with ventilator settings that result in t
livered breathing gas:temperature exceeding 27 °C can cause the humidifier to reduce humidity outp,
low the lower limit-allowed by ISO 80601-2-74.

Electromagnetic compatibility of ME equipment and ME systems

1-1:2005+AMD1:2012+AMD2:2020, Clause 17 applies.

if applicable, a description of(the use scenarios and ranges of ventilation settings over whi¢
elevated temperature of the gas.at the ventilator gas output port can lead to the failure of

pf
nt

201.101 Gas connections

201.101.1 Protection against reverse gas leakage

NOTE

For aven

70

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

tilator with two or more high-pressure inlets,
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a) means shall be provided to limit reverse gas flowrate (leakage) from gas intake ports

into the

supply system of the same gas to a flowrate less than 100 ml/min in normal condition or single fault

condition.

b) means shall be provided to limit cross leakage from gas supplied through one high-pressure inlet
into the supply system of a different gas to less than 100 ml/h in normal condition or single fault

condition.

Check conformity by functional testing.

2D1.101.2 Connection to an inlet

201.101.2.1 Low-pressure hose assembly

Iflan operator-detachable low-pressure hose assembly is provided for connection between the 1
and either a medical gas pipeline system or a pressure regulaton,” it shall confo
190 5359:2014+AMD1:2017.

Check conformity by application of the tests of ISO 5359:2014+AMD1:2017.

2p1.101.2.2 Filter

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

Each high-pressure inlet shall be provided with a filter having a pore size less than or equal to 1

NPTE1 The need for particle filtration in oxygen-enriched environments including the proper choid
mpterials is discussed in ISO 15001:2010.

NPTE 2 Depending on the sensitivitysagainst particles of the components used in the gas pathways
sgnsors) to particles, filtration of smaller particles can be needed.

Check conformity by inspéction.

201.101.3 VBSeonnectors

201.101.3.1 General

NPTE «Theére is guidance or rationale for this subclause contained in Clause AA.2.

ventilator
'm with

D0 pum.

e of filter

(e.g. flow

a) “Operator-detachable VBS connections through which the main flow of gas to or from the patient

passes in normal condition, excluding the patient-connection port:
1) shall be:

i) a 15 mm connector conforming with ISO 5356-1:2015;
ii) a 22 mm connector conforming with ISO 5356-1:2015; or

iii) for a ventilator only intended for tidal volumes of <300ml, a 11,5 mm connector

conforming with ISO 5356-1:2015; or

2) may be a non-conical connector that does not engage with a conical connector conforming with

ISO 5356-1:2015.
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Check conformity by application of the tests of ISO 5356-1:2015 and functional testing.

201.101.3.2  Other named ports

201.101.3.2.1 Patient-connection port
The patient-connection port shall be one of the following:

a) a 15 mm conical socket connector conforming with ISQ 5356-1:2015;

b) a22mm conical cone connector conforming with ISO 5356-1:2015; or

c) acodxial 15 mm/22 mm conical connector conforming with ISO 5356-1:2015.

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

201.101.3.2.2 Gas output port and gas return port

a) The gas output port and the gas return port shall be one of the following
1) a2 mm conical cone connector conforming with ISO 5356-1:2015.
2) a[l5 mm conical cone connector conforming with ISO 5356-1:2015.
3) afoaxial 15 mm/22 mm conical connector conforming with ISO 5356-1:2015.

4) a|non-conical connector that does not engage with a conical connector conforming with
I§0 5356-1:2015.

b) Notwithstanding this requirement, a ventilator only intended for tidal volumes of <300 ml, may be

equipped with a gas output port and a gas return port using a 11,5 mm conical cone connectpr
confprming with ISO 5356-1:2015.

Check copformity by application ©fjthe tests of ISO 5356-1:2015.

201.101.3.2.3 Emergency intake

a) An emergency intdke’shall not be equipped with an operator-accessible connector.

b) An emergencyiintake shall be designed to prevent obstruction when the ventilatoris in use.

Check copfermity by inspection.

201.101.3.2.4 Flow-direction-sensitive components

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

Any flow-direction-sensitive component of the VBS detachable without the use of a tool shall be so
designed that it cannot be fitted in such a way that it presents an unacceptable risk to the patient.

Check conformity by inspection of detachable flow-direction-sensitive components and inspection of the
risk management file.
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201.101.3.2.5 Gas pathway connection port

NOTE 1 There is guidance or rationale for this subclause contained in Clause AA.2.
a) Ifprovided, the gas pathway connection port of a ventilator, VBS or accessory shall:
1) be provided with a means to secure the accessory in position; and

2) be provided with a means to secure closure after removal of the accessory.

NPTE 2 This port directly connects to the gas pathway and is used e.g. for measuring gas concentratipns or for
thle introduction of liquids.

NPTE 3 For the purposes of this document, the temperature probe port specified in 13S0 80601-2174 is not
cqnsidered an accessory port.

b) The gas pathway connection port of a ventilator, VBS or acceéssory may conform with
ISO 80369-7:2021.

c) Agaspathway connection port that conforms with ISO 80369-7;2021 shall:
1) be marked with either:
i) the symbol 1SO 7000-1641 (see IEC 60601-1:2005+AMD1:2012+AMD2:2020, Table D.1,

symbol 11); or

ii) if the marking is the primary risk centrol measure, the safety sign 1SO 7010-M002 (see
IEC 60601-1:2005+AMD1:2012+AMD2:2020, Table D.2, safety sign 10).

2) include in its instructions for use a warning to the effect that “Warning: As this [inser{ name of
medical device here] uses a Luer‘connector for other than intravascular or hypodermjc access,
there is a possibility that an-inadvertent connection can occur between this [insert name of
medical device here] and-another medical device or accessory using a Luer connector, which
can result in a hazardous situation causing harm to the patient. Special measures need|be taken
by the user to mitigate\these reasonably foreseeable risks.”

Check conformity by inSpection and, if applicable, by application of the tests of ISO 80369-7:2021.

2P1.101.3.2.6% _Gas exhaust port

a)] If a connector is provided for the gas exhaust port, it shall be a 30 mm connector conforming with
[SO 5356-1:2015.

NOTE A 30 mm connector conforming with ISO 5356-1:2015 is suitable for connection to anaesthesia gas

H 4 LACCCY o1 4 £, . N on-sng 2 19
DLMVUIlHlIly QYo (£AUJJ ) tiidl LUIHIUL IS WILIT1OU OUUU 1747 1L J.

b) A ventilatorshall be designed so that any provided gas exhaust port is not obstructed during use.

Check conformity by inspection and application of the tests of ISO 5356-1:2015.

201.101.3.2.7 Temperature sensor port

The VBS may be equipped with a temperature sensor port conforming with 201.101.8 of
ISO 80601-2-74:2021.
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201.101.3.2.8 Gas intake port

A ventilator that incorporates a gas intake port shall be designed such that the gas intake port cannot be
blocked by a flat surface.

EXAMPLE

A gas intake port incorporating a protective cage, or with multiple intake orifices arranged in a

non-planar geometry.

Check conformity by functional testing.

201.1(

201.10%
NOTE

All ventil
performd
manufac

Check co

201.10%

a) The
201.

b) State
parts

1) vg
V§

2) in
3) th
Check co

201.10%

all of the parts used-to connect to the patient before use.

2 Requirements for the VBS and accessories

.1 General

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

ator breathing systems, their parts and accessories that can affect the bdsic safety or essential
nce shall conform with the requirements of this document, whether they are produced by the
urer of the ventilator or by another entity (“third-party manufacturer” or healthcare provider).

hformity by the tests of this document.

.2 Labelling

accompanying document provided with each VBS, its parts or accessories, conforming with
102.1, shall include the model or type reference'of at least one compatible ventilator.

ments shall be included in the accompanying document of each ventilator breathing system, ifts
or accessories to the effect that:

ntilator breathing systems, their’ parts and accessories are validated for use with specific
entilators;

compatible parts can result in degraded performance; and

e responsible organization is responsible for ensuring the compatibility of the ventilator and

hformityby'inspection of the accompanying document.

.3, ‘Breathing sets

Breathing sets intended for use in the VBS shall conform with ISO 5367:2014, 5.3.4.

Check conformity by application of the tests of ISO 5367:2014.

201.102.4 Water vapour management

NOTE

74

There is guidance or rationale for this subclause contained in Clause AA.2.
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201.102.4.1 Humidification system

Any humidifier, including heated breathing tubes, either incorporated into the ventilator or
recommended for use with the ventilator, shall conform with ISO 80601-2-74:2021.

Check conformity by application of the tests of ISO 80601-2-74:2021.

201.102.4.2  Heat and moisture exchanger (HME)

Anhy heat and moisture exchanger, either incorporated into the VBS or recommended for use|with the
VBS, shall conform with:

a] IS0 9360-1:2000; or

b] IS0 9360-2:2001.

Check conformity by application of the tests of ISO 9360-1:2000 or ISO 9360-2:2001.

2D1.102.6 Breathing system filters

Any breathing system filter, either incorporated into the vertilator or recommended for use|with the
vantilator, shall conform with the relevant requirements of:

a] ISO 23328-1:2003; and

b) 1SO 23328-2:2002.

Check conformity by application of the tests of ISO 23328-1:2003 and ISO 23328-2:2002.

2D1.102.7 Ventilator breathing systems

2p1.102.7.1 Leakagefrom complete VBS
NPTE  There is guidance or'rationale for this subclause contained in Clause AA.2.
Uhintended leakagefrom the VBS should not exceed:

a] 200 ml/min at 50 hPa (50 cmH,0) for a ventilator intended to provide a tidal volume grepter than
300 mk

b} ~100 ml/min at 40 hPa (40 cmH,0) for a ventilator intended to provide a tidal volume |between

200 1 et 1 |
DUV IIII AU OV 1111, dIIU

c) 50 ml/min at 20 hPa (20 cmH,0) for a ventilator intended to provide a tidal volume less than 50 ml.

201.102.7.2 Non-invasive ventilation

NOTE  There is guidance or rationale for this subclause contained in Clause AA.2.
a) The instructions for use for a ventilator intended for non-invasive ventilation shall include a

warning statement to the effect that the exhaled volume and exhaled CO; of the patient can differ
from the measured exhaled volume and exhaled CO; due to leaks around the mask.
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b) A ventilator intended for non-invasive ventilation should either:

1) be equipped with CO, monitoring equipment for the measurement of expiratory carbon dioxide
concentration, (e.g. in the expiratory limb or at the patient-connection port) in accordance with
ISO 80601-2-55; or

2) if not so equipped, the instructions for use should contain a statement to the effect that the
ventilator is to be provided with CO, monitoring equipment for the measurement of expiratory
carbon dioxide concentration, (e.g. in the expiratory limb or at the patient-connection port) in
agcordance with ISO80601-2-55 before being put imto Service.

Check cpnformity by inspection of the instructions for use or application of the ‘tests pf
[SO 80601-2-55:2018.

201.103 Spontaneous breathing during loss of ventilation

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

a) A prptection device shall be provided to allow spontaneous breathing\#when normal ventilation [is
compromised as a result of system recovery or the electrical or pneumatic supply power being
outslde the values necessary for normal operation.

b) Undgr these conditions, the inspiratory and expiratory pressure drop measured at the patient-
conngction port with all recommended accessories in placesshall not exceed 6,0 hPa (6,0 cmH,0) ata

flowrate of:

1) 30 1/min for a ventilator intended to provided¢idal volume, Vr = 300 ml;

2) 15 1/min for a ventilator intended to provide a tidal volume, 300 ml = V1 = 50 ml;
3) 2)51/min for a ventilator intended(to provide a tidal volume, V1 < 50 ml.

NOTE These requirements are intended to allow the patient to breathe spontaneously under compromis¢d
condition$.

Check conformity by funetional testing and measurement of flowrate, pressure, and resistance at the
patient-cpnnection port/with that combination of accessories indicated in the instructions for use whi¢ch
produceq the highestpressure drop.

201.104 Indication of duration of operation

NOTE AN H 1 £3 la £ 3 el £ din 1 AN
TIICTC TS g Ut a it CoOT T atrUTrarCTUT S Su ot raa st O amC U T CIausSC T Lz

a) The ventilator shall have means to indicate visually the cumulative hours of operation of the
ventilator, either:

1) automatically; or
2) by operator action.
b) The ventilator should also have means to indicate visually:

1) the time since the last preventive maintenance; or
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2) the time until the next recommended preventive maintenance.

Check conformity by inspection.

201.105 Functional connection

201.105.1 General

Bgsic safety and essential performance shall be maintained if connections to the functional conngections of
201.105 of a ventilator are:

a] disrupted; or

b] ifthe equipment connected to those parts fails.

Check conformity by functional testing.

2D1.105.2 Connection to an electronic health record

NPTE  There is guidance or rationale for this subclause containedih Clause AA.2.

a)] A ventilator shall be equipped with a functional connection that permits data transmission|from the
ventilator to an electronic health record.

b] The data transmission should be capable of transmitting the information described in Anng¢x BB.

Check conformity by inspection.

2P1.105.3 Connection to a distributed alarm system or distributed information system
about alarm conditions

NPTE  There is guidance orrationale for this subclause contained in Clause AA.2.
a)] A ventilator shall be equipped with a functional connection that permits connection to:
1) adistributed“alarm system; or

2) adistributed information system about alarm conditions.

i) A ventilator should not be equipped with a functional connection that only| permits
connection to a distributed information system about alarm conditions.

201.105.4 Connection for remote control

A ventilator may be equipped with a functional connection for external control of the ventilator.

NOTE  AAMI 2700-1:2019[*11 is an example of a suitable standard for providing such a functional connection.

201.106 Display loops

201.106.1 Pressure-volume loops

a) Ifaventilator is provided with the display of pressure-volume loops the graph shall use:
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1) inspiratory volume on the vertical axis; and

2) ai

rway pressure on the horizontal axis.

b) Positive values shall be on the top and the right of the display.

c) Increases in inspiratory volume shall be positive values.

d) The volume shall be reset to the origin at the beginning of each breath.

Check co

201.10¢
a) Ifay
1) fl
2) in
b) Posit
c) Gas
valug
d) The)
e) The
volu

Check co

201.1(

NOTE

201.107

a) Aver
vent]

b) Ifay

hformity by inspection.

).2  Flow-volume loops

entilator is provided with the display of flow-volume loops, the graph shall use:
bwrate on the vertical axis; and

spiratory volume on the horizontal axis.

ive values shall be on the top and the right of the display.

flow to the patient (inspiratory flow) and increases irtdnSpiratory volume shall be positiye
BS.

Folume shall be reset to the origin at the beginning-of each breath.

ventilator may be provided with an additienal optional display configuration for the floy-
ne loop where gas flow from the patient (expiratory flow) is represented as a positive value.

hformity by inspection.

7 Timed ventilatory pause

There is guidance or ratignale for this subclause contained in Clause AA.2.

.1 Expiratory pause

ptilator may(be equipped with a healthcare professional operator-controlled means to pause the
lator in-expiration.

entilator is equipped with a means to pause the ventilator in expiration,

1) more than one expiratory pause function may be provided.

2) the maximum allowable duration of an expiratory pause shall be 60 s.

3) means may be provided to initiate the expiratory pause from a functional connection.

c) Ifav

entilator is equipped with a timed means to pause the ventilator in expiration,

1) the duration of the expiratory pause may be:

i) responsible organization-configurable; or

78
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NOTE 1 There is guidance or rationale for this list item contained in Clause AA.2.

ii) operator-adjustable.
2) during the expiratory pause, any apnoea-related ventilatory alarm condition that would be
caused by this expiratory pause shall be:
i) audio paused; or

ii) alarm paused

for the duration of the expiratory pause.

3) in addition to the requirements for alarm signal inactivation nin ¢.8.5 of
IEC 60601-1-8:2006+AMD1:2012+AMD2:2020, the ventilator shall indicate the, preserice of the
expiratory pause with at least:

i) an information signal; or
ii) alow priority alarm condition.

NPTE 2 An expiratory pause can be equivalent to placing the ventilator_into standby mode or CPAP and
aytomatically resuming ventilation after a pre-determined duration.

NPTE 3 The expiratory pause can be used to synchronize radiographic imaging with deflated lungs.

Check conformity by inspection and functional testing,

201.107.2 Inspiratory pause

a)] A ventilator may be equipped with a hedlthcare professional operator-controlled means |to pause
automatic ventilation at end-inspiration.

b) Ifaventilatoris equipped with a.means to pause the ventilator in inspiration,

1) more than one inspiratory pause function may be provided;

2) the maximum duratten of a non-adjustable inspiratory pause shall be 10 s;

3) the maximunrallowable duration of an adjustable inspiratory pause shall be 40 s; and
4) means may be provided to initiate the inspiratory pause from a functional connection.

c) Ifaventilator is equipped with a timed means to pause the ventilator in inspiration,

1. the duration of the inspiratory pause may be:

1) non-adjustable;
ii) responsible organization-configurable; or

NOTE 1 There is guidance or rationale for this list item contained in Clause AA.2.

iii) operator-adjustable.

2) the high-pressure alarm condition and protection device of 201.12.4.105 shall remain active
during an inspiratory pause.

3) during the inspiratory pause, any:

i) apnoea alarm condition; or
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d)

NOTE 2 [The inspiratory pause can be used to synchronize radiographic imaging with Iung inflation or used fo1 a
recruitment manoeuvre (a temporary increase in pressure intended to expand the lung).

Check copformity by inspection and functional testing.

202 Elpctromagnetic disturbances — Requirements and tests
[EC 6060/1-1-2:2014+AMD1:2020 applies except as follows:

202.4.3]1 Compliance criteria

NOTE There is guidance or rationale for this subclause €ontained in Clause AA.2.

Amendment (replace the second dash of 4.3.1 with):

202.5.212.1 Requirements applicable to all ME equipment and ME systems

Amendment (add note to list element b)):

NOTE The requiremients of this document are not considered deviations or allowances.

Addition:

ii) sustained airway pressure alarm condition

that would be caused by this inspiratory pause should, for the duration of the inspiratory pause,
be:

iii) audio paused; or
iv) alarm paused.

In addition to the requirements for alarm signal inactivation in 6.8.5 of
IEC 60601-1-8:2006+AMD1:2012+AMD2:2020, the ventilator shall indicate the presence of the
inspifatory pause with

1) aflleast an information signal; or

2) afow priority alarm condition.

the pentilator operated using the worst-case conditions and parameters of Table 201.104 or
Tablg 201.105, selected by intended tidal volume, as appropriate. During this testing, set the volune
and pressure alarm condition alarm limits to their least sensitive levels.

202.8.1.101  Additional general requirements

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

a)

80

The following degradations, if associated with basic safety and essential performance, shall not be
allowed:

1) component failures;
2) changes in programmable parameters or settings;

3) reset to default settings;
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4) change of ventilation-mode;

EXAMPLE Change of inflation-type, set rate, I:E ratio.
5) initiation of an unintended operation;
6) during the testing, the error of the:

i) inspiratory volume of individual inflations shall not deviate by more than 35 % of the
inspiratory volume measured prior to the test;

ii) inspiratory volume averaged over a one min interval shall not deviate by morethan 25 % of
the inspiratory volume measured prior to the test;

[) One-minute averaged testing need not be performed if the inspingtory vplume of
individual inflations does not deviate by more than 25 %.

iii) PEEP of individual inflations shall not deviate by more than 5 hPa /5,0 cmH;0) [from the
PEEP measured prior to the test; and

iv) delivered FiO, averaged over a one min interval shall not-deviate by more [than the
deviation disclosed by the manufacturer in the instruction§ for use.

[) One-minute averaged testing need not be performed-if the FiO,of individual fnflations
does not deviate by more than the deviation disclosed by the manufacturer in the
instructions for use.

b] The ventilator may exhibit temporary degradation/of performance (e.g. deviation from the
performance indicated in the instructions for use).that does not affect basic safety or|essential
performance.

2|06 Usability
IHC 60601-1-6:2010+AMD1:2013+AMD2:2020 applies except as follows:

Adldition:

2P6.101 Primary opeérating functions
a)] For aventilator, thefollowing shall be considered primary operating functions:
1) setting thehealthcare professional operator-adjustable controls:

i)¢\Setting alarm limits;
i) inactivating alarm signals;

iii) switching between different ventilation-modes and inflation-types; and

iv) setting ventilation control parameters;

EXAMPLE 1 Tidal volume, set rate, BAP, pressure support

2) observing and identifying the monitored ventilation parameters;

EXAMPLE 2 Airway pressure and expired volume

EXAMPLE 3 Fi0, (inspiratory oxygen concentration) or etCO, (end-tidal carbon dioxide
concentration)

3) observing and identifying:
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i) the alarm signals; and
ii) the alarm signal inactivation states;

4) configuring the VBS including:

i) connection of the detachable parts of the VBS to the ventilator;
EXAMPLE 4 Humidifier, nebuliser(!8l, water-trap, tubing, breathing system filter

5) connecting or disconnecting the patient-connection port of the VBS to the patient-interface;

6) starting the ventilator from power off;
7) performing a basic pre-use functional check of the ventilator including the alarm systena;

8) identifying any limitation of the ventilator’s ability to detect decannulation or extubation base¢d
on the intended patient profile and the VBS configuration;

9) tyrning off the ventilator; and
10) processing the ventilator between patient uses.
b) The following functions, if available, also shall be considered primary operating functions:
1) starting ventilation from standby;
2) adgtivating standby;

3) agtivating manoeuvres that help assess lung funttion or the effectiveness of ventilator parametger
settings;

EXAMPLE 5 Inspiratory pause, expiratory pause, slow inflation

4) aqtivating a closed suctioning funcdtion;

5) aftaching the ventilator and,where applicable the VBS, to a trolley;
6) sgtting of the adjustable-high-pressure alarm limit to values exceeding 60 hPa (60 cmH,0); and
7) satting of the airway pressure to values exceeding 60 hPa (60 cmH:0).

c) The |following actions associated with ventilation also shall be considered primary operating
functions:

NOTE _For the purposes of this document, the following functions are considered primary operating
functions even though they might not be performed on the ventilator’s operator interface

1) humidifying/conditioning gases delivered through the VBS;
2) adding medication to the gas flowing into the patient;
EXAMPLE 6 Nebulisation[8] or injecting fluids into the ancillary port connection of the VBS
3) suctioning the patient’s airway;
4) X-raying the patient;

5) understanding the need for alternative means of ventilation with a manual resuscitator;
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6) positioning the patient; and

7) connecting and disconnecting a distributed alarm system.

206.102 Training

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

Pt

the appiication of the requirements I 5.6 and 5.8 of 1EC 62366- 172015, training shail be cgnsidered
ng¢cessary for both:

a)] the healthcare professional operator; and
b] the designee of the responsible organization (e.g. service personnel or processing/personnel)]

NPTE  Requirements for training are found in 5.6 and 5.8 of IEC 62366-1:2015.

Check conformity by inspection of the accompanying document.

2|08 General requirements, tests and guidance for alarm systems in medical
electrical equipment and medical electrical systems

IHC 60601-1-8:2006+AMD1:2012+AMD2:2020 applies except as follows:
Addition:

2p8.6.3.2.2.2.101 Additional requirements for 1 m (operator’s position) visual jalarm
signals and information signals

Hfgh priority alarm signals should be accompanied by information describing possible causes of the
alarm condition and appropriate actions to take in response. Operator action may be required to display
this information.

EXAMPLE The obstruction alarm limit has been reached. Check the breathing system tubing for blackages or
cifimpling. Check breathing system filters for blockage.

2P8.6.8.3.101  Additional requirements for global indefinite alarm signal inactivation
states

a] Aventilator shall not be equipped with a means to initiate a global alarm off while conngcted to a
patient.

b) A ventilator shall not be equipped with a means to initiate a global audio off unless the ventilator is
connected to a distributed alarm system.

Check conformity by functional testing.

208.6.8.4.101 Additional requirements for termination of alarm signal inactivation

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

The duration of audio paused and alarm paused for the alarm conditions required by this document shall
not exceed 120 s without healthcare professional operator intervention.
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NOTE  This permits a healthcare professional operator to deliberately extend the duration of audio paused by no
more than 120 s following each direct action.

Check conformity by functional testing.

208.6.12.2 Operator alarm system logging

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

Replacement:

a) Avertilator shall be provided with an operator alarm system log.
b) The ¢perator alarm system log shall:
1) b¢ equipped with a capacity of at least 1 000 events in total for:

1) high priority alarm conditions;

{i) medium priority alarm conditions;
{ii) low priority alarm conditions; and
iv) alarm signal inactivation states

2) time stamp all events in accordance with IEC 60601:1-8:2006+AMD1:2012+AMD2:202[0,
6{12.2 a).

3) n¢t lose the contents of the alarm system log during a loss of power for less than 7 d unleps
de¢leted by responsible organization action.

4) n¢t permit the healthcare professional operator to erase the contents of the alarm system log.
c) In addition, the operator alarm system-16g should include at least the following events:

1) any change of ventilator settings, including the value applied;

2) any change of alarm settings, including the value applied;

3) change of patient, including the patient attributes;

4) power supply‘source change, including the source being used; and

5) rqsults ofthe pre-use check.

Check copformity by inspection and functional testing.

208.6.12.3 Responsible organization alarm system logging
Replacement:

a) A ventilator shall be provided with a responsible organization log with a capacity of at least 1 000
events in total.

b) Viewing the responsible organization alarm system log shall be restricted to the responsible
organization in accordance with [EC 60601-1-8:2006+AMD1:2012+AMD2:2020, 6.7.
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The responsible organization alarm system log shall include all of the information contain
operator alarm system log.

The responsible organization alarm system log shall contain:
1) the ventilator settings; and
2) each change of those settings.

EXAMPLE 1 The name of the ventilator preset in use and any changes made to it.

ed in the

j)

The responsible organization alarm system log shall contain:

1) the alarm settings; and
2) each change of those settings.

EXAMPLE 2 The name of the alarm preset in use and any changes made to it.

Means shall not be provided for the operator or responsible organization to edit or delete ¢
the responsible organization alarm system log.

The responsible organization alarm system log shall be retained when the alarm system is
down.

The technical description shall indicate what happens to the contents of the log after t
system has experienced an unexpected total loss 'of power (supply mains and internal
power source).

The technical description shall indicate:

1) the responsible organization alarm:system log capacity; and

2) what happens to the contents.of the log as it reaches capacity.

EXAMPLE 3 The alarm system discards the oldest data when the log becomes full.

entries in

powered

he alarm
electrical

The alarm system should log technical alarm conditions for servicing and maintenance purposes.

This log should notbe-resettable or editable by operator action.

The log may be provided either within the equipment or remotely through a commu
interface.

Check conformity by inspection and functional testing.

Thecannexes of IEC 60601-1:2005+AMD1:2012+AMD2:2020, apply, except as follows:

nications
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Annex C
(informative)

Guide to marking and labellilrvll%requirements

for ME equipment and systems

IEC 6060

Addition:

201.C.]

Addition
Table 20

1-1:2005+AMD1:2012+AMD2:2020, Annex C applies, except as follows:

101
parts

1.C.101.

Marking on the outside of ME equipment, ME systems or their

hl requirements for marking on the outside of a ventilator, its partsand accessories are found

[Fable 201.C.101 — Marking on the outside of a ventilator, its parts or accessories

Description of marking

Subclause

appli

able

For agas output port, an arrow indicating the direction of gas flow 201.7.2.101 b) 2) i)
For agas return port, an arrow indicating the direction of gas flow 201.7.2.101 b) 2) ii)
For ajgas sampling inlet, ‘gas sample’ or Symbol 1ISO 7000-0794 201.7.2.101 b) 3)
For 4 ventilator intended for the magnetic resonafice (MR) environment, MR safe, if| 201.7.2.101a)1)1i)
appli¢able

For a|ventilator intended for the magnetic resonance (MR) environment, MR conditional, if| 201.7.2.101 a) 1) ii)
appli¢able

For a|ventilator not intended for the magnetic resonance (MR) environment, MR unsafe, if| 201.7.2.101 a) 2)

For g
acces.

ccessories supplied separately;”indication of any limitations or adverse effects of the
ory on the basic safety or essential performance of the ventilator, if applicable

201.7.2.4.101 a) 2)

For a

Fcessories supplied separately, the requirements of ISO 20417:2021, 6.1.1 ¢)

201.7.2.4.101a) 1)

For o

kygen inputs, th€rated range of oxygen concentration

201.7.2.18 cc)

For t

he flow-direction-sensitive components removable without the use of a tool, an arrow

201.7.2.101a) 3)

in

indicdting the.direction of the flow

Gas npme“r'chemical symbol 201.7.2.18 aa)
Gas-specific colour coding, if applicable 201.7.2.18 dd)
Mandatory action safety sign: follow instructions for use 201.7.2.3
Rated range of gas pressure 201.7.2.18 bb)
Requirements of ISO 20417 201.7.1.101

Symbol or safety sign, as appropriate, for ISO 80369-7connections to the gas pathway

201.101.3.2.5 ¢) 1)

Warning not to obstruct the gas intake port , if applicable

201.7.2.101b) 1)

201.C.102

Accompanying documents, general

Additional requirements for general information to be included in the accompanying documents of a
ventilator or its parts are found in Table 201.C.102.
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Table 201.C.102 — Accompanying documents, general

Description of requirement Subclause

Description of the use scenarios and ranges of ventilation settings over which elevated 201.16.2
temperature of the gas at the ventilator gas output port can lead to the failure of a
respiratory gas humidifier to function according to its specification

For each VBS and accessory, the model or type reference of at least one compatible 201.102.2 a)
ventilator
Eor-each VRCI pqrt and accessory —a-statement to the eoffect that ventilator breathing 201 1022 ]1) 1

systems, their parts and accessories are validated for use with specific ventilators

For each VBS, part and accessory, a statement to the effect that incompatible parts can 201.102:2)b) 2
result in degraded performance

For each VBS, part and accessory, a statement to the effect that the responsible 201:102.2b) 3
organization is responsible for ensuring the compatibility of the ventilator and all of
the parts used to connect to the patient before use

Intended position of the operator 201.7.9.2.1
Maximum time-weighted average input flow for each gas, if applicable 201.4.11.101.2b) B) i)
Maximum transient input flow for each gas, if applicable 201.4.11.101.2 b) 3) ii)
Means by which the obstruction alarm condition is determined 201.12.4.108g) 1)
Means to test the obstruction alarm condition 201.12.4.108 g) P)
Requirements of ISO 20417 201.7.1.101
Units of measure for volumes, flows and leakages, for otherthan the VBS in STPD 201.7.4.3 aa)
Units of measure for volumes, flows and leakages, for the*VBS in BTPS 201.7.4.3 bb)
Ventilator is a high-flow device warning, if applicable 201.4.11.101.2 b) ) iii)

2001.C.103 Accompanying documents, instructions for use

Additional requirements for information to be included in the instructions for use of a ventilator or its
parts are found in Table 201.C.103.

Table 201.C.103 — Instructions for use

Description of requirement Subclause
Acceptance/Critéria for other inflation-types 201.12.1.103 a)2)
Accuracy, of expired volume monitoring equipment, tidal volume >50 ml, including the 201.12.4.103.1h) 2)
effeets:of the rated oxygen concentration 201.12.4.103.1 b)|12) i)
Accuracy of expired volume monitoring equipment, tidal volume <50 ml, including the 201.12.4.103.2|b)
effects of the rated oxygen concentration 201.12.4.103.2H) 1)
Accuracy of the inspiratory volume monitoring equipment, if so equipped 201.12.1.104 a)

Any reasonably foreseeable adverse effect of any recommended accessory on the basic | 201.7.9.2.14.101 b) 2)
safety or essential performance of the ventilator, if applicable

A-weighted sound power level emitted by the ventilator 201.9.6.2.1.101 b) 2)

A-weighted sound pressure level emitted by the ventilator 201.9.6.2.1.101a) 2)

Behaviour of the ventilator after a switchover to the external reserve electrical power | 201.11.8.101 c) 3) ii)
source, if provided

Behaviour of the ventilator after a switchover to the internal electrical power source 201.11.8.101¢) 3) 1)

Behaviour of the ventilator while the external reserve electrical power source is | 201.11.8.101 c) 4) ii)
recharging
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Description of requirement

Subclause

Behaviour of the ventilator while the internal electrical power source is recharging

201.11.8.101 ¢) 4) i)

Conditions under which the ventilator maintains the accuracy of controlled and displayed
variables

201.7.9.2.9.101 ¢)

Cross reference between the manufacturer-specific naming of the ventilator's ventilation-
modes and the ventilation-mode systematic coding scheme of ISO 19223

201.7.9.2.9.101 1)

Cross reference to the additional information in the technical description, if the technical
description is separable

201.7.9.2.16.101 b)

Desctiption of the algorithm that determines the alarm limit values of expired volume
moniforing equipment, if so equipped

201.12.4.103.1b) 7)
201.12.4.103.2 g)

Disclpsure of any restrictions on the placing of components within the ventilator
breathing system, if applicable

201.7.9.2.14.101 b)4)

Equipment necessary for intended use

201.7.9,2.14:101 a) 2)

FiOz[accuracy includes effects of rated input oxygen concentration

201.32.1.101 b) 3) i)
201.12.1.102 b) 3) i)

For g ventilator intended for non-invasive ventilation not equipped with a CO2 monitoy;-a
statement to the effect that the ventilator is to be provided with CO2 monitoring
equipment for the measurement of expiratory carbon dioxide concentration before-being
put ipto service

201.102.7.2 a)

For g ventilator intended for non-invasive ventilation, a warning statement te' the effect
that the exhaled volume of the patient can differ from the measured exlialed volume due
to legks around the mask

201.102.7.2 a)

For g ventilator not equipped with expired volume monitoring equipment and intended to
deliver a tidal volume <50 ml, information on how to connect CO, monitoring equipment

to thle VBS shall be disclosed in the instructions for use wghless such equipment is an
integral part of the VBS

201.12.4.104 a) 2)

For 3 ventilator, an explanation of the meaning of*the IP classification marked on the
ME efjuipment

201.7.9.2.9.101 d)

For dccessories supplied separately where marking the accessory is not practicable, the
requjrements of 201.7.2.4.101

201.7.2.4.101 b)

Indidation as to whether the ventilatoris intended for non-invasive ventilation

201.7.9.2.9.101 €)

Inforymation on how to connect.CO2 monitoring equipment, unless such equipment is an
integral part of the ventilator

201.12.4.104 a) 2) i)

Information on how to connect oxygen monitoring equipment, unless such equipment is
an integral part of the Ventilator

201.12.4.101 ¢)

Information on _how:'to connect the expired volume monitoring equipment, if not so
equipped

201.12.4.103.1 a) 2) i)

Inter]ded range of tidal volume

201.7.9.2.1.101 a)

Length-6fitime required for the oxygen concentration in the tidal volume to change from a

201.12.1.105a)

concentration of 21 % to 90 % of the maximum settable oxygen concentration

List of contents of technical description, if the technical description is separable

201.7.9.2.16.101 a)

Maximum disconnection alarm condition delay

201.12.4.109d)

Maximum duration of system recovery

201.4.3.102 g)

Maximum error of the airway pressure at the end of the inflation phase in relation to the
set value for a pressure-control inflation in normal condition

201.12.1.102b) 1)

Maximum error of the inspiratory oxygen concentration (FiO,) at the patient-connection
port in relation to the set value for a volume-control inflation in normal condition

201.12.1.101 b) 3)

Maximum error of the inspiratory oxygen concentration (FiO,) at the patient-connection
portin relation to the set value for a pressure-control inflation in normal condition

201.12.1.102 b) 3)
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Description of requirement

Subclause

Maximum error of the inspiratory volume in relation to the set tidal volume for a volume-
control inflation in normal condition

201.12.1.101 b)

1)

Maximum error of the PEEP in relation to the set value for BAP for a volume-control
inflation in normal condition

201.12.1.101 b)

2)

Maximum error of the PEEP in relation to the set value for BAP for a pressure-control
inflation in normal condition

201.12.1.102 b) 2)

Means by which the maximum working pressure is accomplished

201.7.9.2.9.101 a) 3)

Means by which the secondary supply mains can be tested, if provided

201.11.8.1017%)

2)

Method by which all of the alarm signals can be functionally tested to determine if they
are operating correctly

201.7.92,8.101 3

)3)

Method by which switchover to and operation from the internal electrical power source
can be functionally tested to determine if the ventilator is operating correctly

201.79.2.8.101 3

)2)

Method by which the assembled VBS can be functionally tested to determine if itciss) 201.7.9.2.8.1014) 1)
operating correctly
Operational time of the ventilator when powered from a fully charged, aged internal | 201.11.8.101c) 1)1i)

electrical power source

Operational time of the ventilator when powered from fully charged, external reserve
power source, if provided

201.11.8.101 ) 1

) ii)

Performance of other inflation-types in normal condition, including ‘effects rated oxygen
concentration

201.12.1.103 a)

1

201.12.1.103 a)3)
Processing instructions for the enclosure of the ventilator 201.11.6.6 dd)[2)
Processing instructions for the gas pathways of the ventilator and its accessories 201.11.6.6 bb) 3)

Range of the maximum limited pressure

201.7.9.2.9.101 4

)1

Rated range of expiratory gas pathway resistance over which the accuracies of set and
monitored volumes and pressures are maintained

201.7.9.2.9.101 1

)2)

Rated range of inspiratory gas pathway resistance over which the accuracies of set and
monitored volumes and pressures are maintained

201.7.9.2.9.101 4

JRY)

Rated range of VBS compliance over which the accuracies of set and monitored volumes
and pressures are maintained

201.7.9.2.9.101 4

)3)

Rated range to which the maximum working pressure can be set, if adjustable 201.7.9.29.1014) 2)
Recommended verntilation-mode and settings for closed suctioning 201.9.101 a)
Requirements\of 1ISO 20417 201.7.1.101
Set of gecessories 201.7.9.2.14.101p) 1)

Statement that airway pressure can be subatmospheric during the expiratory phase for a
ventilator that can generate subatmospheric pressure in the expiratory phase, if
applicable

201.7.9.2.9.101 3

)4)

Statement to the effect that the ventilator is to be equipped with oxygen monitoring
equipment for the measurement of inspiratory oxygen concentration before being put
into service, if not so equipped

201.12.4.101 a)

2)

Statement to the effect that the ventilator is to be equipped with monitoring equipment
for indicating expired volume at the patient-connection port before being put into service,
if not so equipped

201.12.4.103.1 a) 2)

Subatmospheric pressure limit at the patient-connection port, for ventilators that can
generate subatmospheric pressure in the expiratory phase

201.7.9.2.9.101 a) 5)

Summary description of the algorithm that determines the alarm limit values

201.12.4.103.1

f)

Use scenarios in which decannulation might not be detected as a VBS disconnection

201.12.4.109 e)
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Description of requirement Subclause

Ventilation accuracy expressed as bias error and linearity error 201.12.1.101 a)

201.12.1.102 a)

Warning regarding ISO 80369-7connections to the gas pathway, if equipped 201.101.3.2.5¢c) 2)

Warning statement to the effect that do not add any attachments or accessories to the | 201.7.9.2.2.101 a) 3)
ventilator that contravene the instructions for use of the ventilator or accessory as the
ventilator might not function correctly leading to the risk of patient death or serious
deterioration of health

Warning statement to the effect that do not cover the ventilator or place in a position that | 201.7.9.2.2.101a) 1)
affecfs proper operation, including applicable examples

Warning statement to the effect that the responsible organization needs to ensure that | 201.7.9.2.2.101,b)!5)
the oxygen source is compatible with the ventilator

Warning statement to the effect that the ventilator accuracy can be affected by the gas | 201.7.9.2,24101 b) 4)
addef by use of a nebuliser, if applicable

Warning statement to the effect that the ventilator shall not be used in a hyperbaric | _201:7.9.2.2.101b) 1)
chanpber, if applicable

Warning statement to the effect that the ventilator shall not be used with nitric oxide,if | 201.7.9.2.2.101 b) 2)
applicable

Warning statement to the effect that the ventilator shall not be used with izlet gases, | 201.7.9.2.2.101 b) 3)
which are not specified for use (e.g. helium or mixtures with helium), if applicable

Warning statement to the effect that to always have immediate access.to an alternative | 201.7.9.2.2.101 a) 2)
meas of ventilation, which is ready for use, in order to reduce the pessibility of patient
deatlp or serious deterioration of health

Warning statement to the effect that when using nebulisation or humidification | 201.7.9.2.2.101 b) 6)
breathings system filters and heat and moisture exchangers:can require more frequent
repldcement

Whidh portions of the gas pathways through the ventilator can become contaminated 201.7.9.2.12 aa)
with|body fluids or by contaminates carried by.expired gases during both normal
cond]tion and single fault condition

201.C.104 Accompanyingdocuments, technical description

Additiongl requirements for information to be included in the technical description of a ventilator or ifs
parts arelfound in Table 201E104.
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Table 201.C.104 — Technical description

Description of requirement

Subclause

Description of a method for checking the function of the alarm system for each of the alarm
conditions specified in this document

201.7.9.3.101 a)

Description of what happens to the contents of the log after the alarm system has
experienced an unexpected total loss of power (supply mains and internal electrical power
source) for a finite duration

208.6.12.3 h)

Description of what happens to the contents of the responsible oraanization alarm sustem
T rr T r4

log as it reaches capacity

')ﬂQF\1')2ﬂ'))
J

Description of which checks are performed automatically for checking the function of the
alarm system for each of the alarm conditions specified in this document

201.7:9.3.101b)

Disclosure of the essential technical characteristics of each recommended breathing system
filter, if applicable

201.7.9.3.1.101}b) 1)

Disclosure of the measurement uncertainty for each disclosed tolerance

T

201.5.101.3f)

Pneumatic diagram of the ventilator, including a diagram for operator-detachable (parts of
the ventilator breathing system either supplied or recommended in the instructions\for use

201.7.9.3.1.101}a) 2)

Requirements of ISO 20417

201.7.1.101

Responsible organization alarm system log capacity

208.6.12.3 1)[1)

Summary description of the filtering or smoothing techniques. for all measured or
computed variables that are displayed or used for control

201.7.9.3.1.101}]a) 1)

Summary description of the means of initiating and terminating the inflation phase in each
ventilation-mode of the ventilator

201.7.9.3.1.101/a) 3)
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Annex D

(informative)

Symbols on marking

IEC 60601-1:2005+AMD1:2012+AMD2:2020, Annex D applies, except as follows:

Addition:

92

Table 201.D.2.101 — Additional symbols on marking

Symbol

Reference

Title and description

ISO 7000-0794
IEC 60878:2022

Input; entrance

To identify an entrance, for example
exhaust gas entfy-for measurement (for
example of CO- value).

For electtical (signal) input use symbol IEC
60417-5034.

ISO 7000-0795
IEC 60878:2022

Qutput; exit

Fo identify an exit, for example of a
hydraulic pump.

For electrical (signal) output use symbol IEC
60417-5035.

IEC 60878:2022

Symbol 7.3.1-1 of
IEC\62570:2014

MR Safe

To identify an item which poses no
unacceptable risks to the patient, medical
staff or other persons within the MR
environment.

When color reproduction is not practical,
the symbol may be printed in black and
white. The use of the colored icon is
strongly encouraged for the added visibility
and information provided by the color.

B E L¢J LTJ

IEC 60878:2022

Symbol 7.3.1-2 of
IEC 62570:2014

MR Safe

Alternative graphical symbol
representation. Same meaning as IEC
62570-7.3.1-1.
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No

Symbol

Reference

Title and description

IEC 60878:2022

Symbol 7.3.2 of
IEC 62570:2014

MR Conditional

To identify an item which poses no
unacceptable risks within defined
conditions to the patient, medical staff or
other persons within the MR environment.

When color reproduction is not practical,
the symbol may be printed in black and
white. The use of the colored icon is

strongly encouraged for the added visibility
and information provided by the color.

The MR Conditional symbol may be
supplemented by supplementaty markjng
that describes the conditions for which{the
item has been demonstrated to be MR
Conditional.

IEC 60878:2022

Symbol 7.3.3 of
IEC 62570:2014

MR Unsafe

To identify~anitem which poses
unacceptable risks to the patient, medidal
staff onother persons within the MR
enyironment.

Note - When color reproduction is not
practical, the symbol may be printed in
black and white. The use of the colored
version is strongly encouraged for the

added visibility and information provided
by the color.

A¢lditional Annexes:
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AA.1

This Anrlex provides rationale for the important requirements of this document and is intended for
those who are familiar with the subject of this document but who have not participated in its
development. An understanding of the reasons for the main requirements is considered to be essential
for its prjoper application. Furthermore, as clinical practice and technology change, it is"believed that
rationale| for the present requirements will facilitate any revision of this document necessitated by
those deyelopments.

AA.2

The num|

in this dgcument. The numbering is, therefore, not consecutive.

— 201

ISO 80601-2-12 ventilators are not considered a physiologic closed-loop control system due to the

fact
the

Congequently, these parameters are , considered equipment variables as specified |n
IEC 60601-1-10.

A pressure-control ventilator that uses the breathing system pressure as a feedback to contrpl

brea

systam. The breathing systein,pressure is considered both a 'variable' influenced by the patiept
physical conditions and af the same time a 'feedback variable’, but it is not a quantity or conditign
measured from the patienit’s physiology.

The
does

The

para
auto
base

Annex AA
(informative)

Particular guidance and rationale

Rationale for particular clauses and subclauses

pering of the following rationales corresponds to the numbering of the clauses and subclauses
1.1 — Scope

that parameters monitored during delivery‘of respiratory gases that are also used to contrpl
delivery of these gases are exclusively physical parameters of the delivered gasqs.

thing system pressure is a-clesed-loop control system, but not a physiologic closed-loop control

batient by its)physical condition is a disturbance on the closed loop system but the ventilatpr
not adjust the ventilation therapy settings based on measurement of these patient parameters.

requirements of this document do not require the ventilator to adjust ventilation delivery
meters based on the detection in the change of physiological conditions of the patient. All

SEio oAl ot nte A f ot ot e Aotk oo ke A gt d STy aaa Jditd a0 o oo
IIdaclIc ClleleLlllL/llLJ Ul vVOritiruclurg b\/lull.llll\,lll. lJClL dITIICiCTI O Ul 6\411\41 dalCua vuiuvuriir ourivicIivrio drc Ullly

d on the measurement of physical variables related to the delivery of breathing gas to the

patient-connection port. In this sense the ventilator ends at the patient-connection port, (i.e. has no
direct contact to the physiological parameters of the patient) and a change in the patient’s
physiological conditions is a disturbance to the ventilator’s control system that does not act to
control the physiological change but continues to control the physical variable(s) to their original
objectives.

Ventilators create alarm conditions when detecting faults in the delivery of breathing gases to the
patient-connection port but do not adjust therapy setting of the ventilator.

The

following are examples of medical devices that are considered physiologic closed-loop control

system.
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— Insulin infusion pump that adjust the rate of insulin infusion to the patient based on the
measurement of blood glucose. The physiological feedback mechanism is a blood glucose level
monitored by the device.

— External pacemaker that adjusts the pace rate based on the measurement of the cardiac output
value. The physiological feedback mechanism is the value detected by the cardiac output
monitor.

Unlike a ventilator, these devices titrate delivery to the patient based on the measured physiological
parameter. A ventilator will not titrate but will either stop ventilation or generate an alarm
condition.

— 201.3.285 — Professional healthcare facility

Unlike the home healthcare environment, the environment in a professional ‘healthcare facility is
considered to be a controlled environment. That is, supply mains iS reliable with minimum
variations and sometimes with backup power. The protective garth connection i§ robust.
Temperature, humidity and altitude conditions are stable, and disruptions from electromagnetic
disturbances are controlled.

—t 201.3.298 — System recovery
The concept of recovery is mentioned in IEC 62304:2045+AMD1:2015, 5.5.4 d).
—+ 201.4.3.101 — Additional requirements for essential performance

The modern critical care ventilator with aniactive exhalation valve has differing ventilatipn-modes
that can consist of multiple inflation-types: This is necessary as patient response to ventilation is
unpredictable. Patient-initiated breaths or inflations where the inspiration is terminatgd by the
patient can have characteristics that'are different from those that have been set by the healthcare
professional operator. Essential .performance as “ventilation within the alarm limits sdt by the
healthcare professional operator” is inclusive of those inflations that the patient modifies dutside of
the ventilatory parameters_set by the healthcare professional operator, but still within the alarm
limits which are considered safe by the healthcare professional operator.

It is expected that the healthcare professional operator will set appropriate alarm limits which
thereby define the’essential performance for a particular patient.

The distributed essential performance criteria captured in Table 201.101 have been identified by
the commiittees as the minimum clinical performance necessary to reduce the probability of
exposing the patient to unacceptable risk. Conformity criteria for some of the clausgs within
[EC60601-1, this document and the other applicable collateral standards include ‘ymaintain
essential performance”. The committees have recognized the difficulty in confirming that a]l aspects
of esserttiat performurnce are maintaimed wirenmr compteting tonger duratiom testing:

Footnote a to Table 201.101 indicates methods of evaluating delivery of ventilation as acceptance
criteria following specific tests required by this document. It is intended to provide criteria that can
be used to easily confirm that essential performance has been maintained. Although the
degradations detailed in 202.8.1.101 are associated with immunity testing, the same criteria are
intended to be used when the conformity criteria from any other clause or subclause require
confirmation that essential performance is or has been maintained.

Those aspects of essential performance that cannot be reasonably linked to the conformity criteria
within 202.8.1.101 need to be confirmed via other means. However, one need only confirm that the
specific requirements indicated in 202.8.1.101 that are likely to have an impact on specific clinical
performance are maintained after testing.
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201.4.3.102 System recovery

IEC 62304:2006+A1:2015, 5.5.4 d), identifies fault handling as potentially including recovery. In
previous standards applicable to ventilators, the management of risk associated with single fault
conditions is limited to specifying that a single fault condition not causing the simultaneous failure
of both a ventilation-control function, and the corresponding protection device. It is commonplace
that a ventilator experiencing single fault condition shuts down while providing alarm signals. While
this is appropriate for some fault modes, for example when a critical hardware component has
failed, there are other fault modes where it can be possible for a system recovery process to allow
vent{lation to continue.

Many ventilators use one or more microprocessors to control ventilation and to provide monitoring
and @llarm system functions. Software controlled equipment is inherently susceptible tofsingle faylt
condjtions that can be transient in nature. For example, a processing element might stop responding
corr¢ctly as a result of a software defect, such as a buffer over-run or domain_error; memory
corrfiption such as can occur due to ionising radiation; or in input error such as from
eleciromagnetic interference on a functional connection.

The risk of harm to the patient is reduced if, in addition to the ventilator-providing alarm signals to
indidate the loss of ventilation due to a single fault condition, it cansreset and resume ventilation.
This| might be implemented by having a watchdog processor,that can detect the failure of|a
vent]lation-control software process and restart the ventilation=control processor into a known
state.

In sqme cases, this procedure can also be applicable to Single-fault conditions that result in noh-
functional hardware components. An example would be a blower motor that stalls as a result pf
mechanical shock during operation. If the ventilator control system is able to restart the blower,
and hence resume ventilation, this reduces the zisk of harm to the patient further below that leviel
that would pertain if the ventilator were to remain inoperable, albeit with alarm signals active.

The manufacturer determines the appropriate system response to a system recovery process that fails fo
restdre full functioning. This could occlr gither because the single fault condition is permanent in natuye,
or bg¢cause of an ongoing but essentially temporary phenomenon such as continued electromagnetic
interference. It is confusing to the.operator for the system to continually repeat a system recovery process
that has failed. In this instance it‘can be more appropriate to enter a fail-safe state with an informatiye
alarm signal.

201|4.6 — ME equipment or ME system parts that contact the patient

Sinc¢ much of the VBS is likely to be draped over or around the patient, it is likely to come info
diregt contactwith the patient during normal use. Also of concern are electrical hazards should any
circyitry beincorporated into the VBS. By ensuring that the gas pathways of the VBS and its parts ¢r
accessories are subject to the requirements for applied parts, these issues are addressed by tllle

requqrnmnhfc n]rnnr]y inthe gnnnr:\] standard

201.4.11.101 — Additional requirements for pressurized gas input

A critical care ventilator designed to be connected to a pressurized gas supply is required to
continue to operate reliably throughout its rated range of supply pressures, but these pressures can
only be maintained if the ventilator in normal condition does not attempt to draw more flow from
the gas source than the gas source is designed to supply. It is also expected that a ventilator should
be designed to prevent an unacceptable risk under possible single fault conditions of the
pressurized gas supply.

Pressurized medical gas supplies, including medical gas pipeline systems and cylinder pressure
regulators conforming to current relevant standards, supply medical gases to gas-specific terminal
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outlets at a pressure that is within an internationally agreed-upon pressure range of 280 kPa to
600 kPa under normal condition. It is expected that critical care ventilators should operate to their
declared specification with any supply pressure within this range.

In the case of a pressure regulator failure the gas supply pressure could rise to the pressure
regulator’s supply pressure — which can be cylinder (tank) pressure. To safeguard against this or
similar eventualities, gas-specific medical gas supply systems are required to be provided with a
means to limit their output pressure to not more than 1 000 kPa. All gas-powered ME equipment
should be designed so as not to present an unacceptable risk if its supply pressure rises up to this
Value but in the case of critical care ventilators it is considered that, because all the ventilfitors in a
critical care unit could be affected simultaneously, it is not acceptable that such ventilate}s should
just generate an alarm signal and shut down under these overpressure conditions.ckor this reason,
there is a specific requirement that ventilators should continue operation|with a¢ceptable
performance so that patients can continue to be ventilated until such time asnermal operation can
be restored or that alternative means of ventilation can be used.

Ventilators with maximum rated input pressures exceeding 600 kPa are required to fulfil these
conditions at up to twice their maximum rated input pressure.

Under the single fault condition that the supply pressure of any oite gas drops below 280 kPa, under
steady-state conditions, it is understood that a ventilator cannot be expected to continue tp operate
on this gas. However, it is required that in this case the-ventilator should detect the una¢ceptable
low pressure, produce an alarm signal and also, in/the case of two pressurized gas [supplies,
automatically switch to use the other gas source (oxygen or air) to drive the ventildtor. This
requirement is stated in 201.13.2.102.

To ensure that the minimum pressure 0f\280 kPa can be maintained in practice, medical gas
pipeline systems supplying compressed.medical gases through gas-specific terminal ogtlets are
designed so that they can maintain-this pressure at the input of gas-powered devices whilst
supplying steady-state flows up to 601/min at a single outlet connected directly to the|pipeline.
Account is taken of the pressure(drop in the pipeline supplying the outlet and the presgure drop
across the terminal unit and the/hose assembly connecting the device to the pipeline at 60 |/min.

The medical gas pipeline.system is also required to be capable of supplying sufficient gas|that this
flow can be drawn from a predetermined number of adjacent terminal units simultaneopusly. The
actual number willthave been determined during the design and installation of the medical gas
pipeline system-by)the application of a ‘diversity factor’; a factor agreed between the supplier and
responsible organization to be appropriate for each section of the installation accordilfg to the
designated) purpose of each area supplied. Recommended diversity factors are formtyilated to
ensure-that the medical gas pipeline system is capable of supplying an average flowrate of|60 1/min
to the required proportion of terminal outlets. However, if the flowrate demand frqm many
adjacent ventilators exceeds 60 1/min there is an increased possibility that the ventilafor input
pressure could fall below 280 kPa, mainly because of the increased pressure drop a¢ross the
termitatunitarmd-mputhose{atso because of the ftow=drop characteristicim the taseof pressure
regulators supplying a single terminal outlet).

In addition to steady-state flows of 60 1/min, the switching of the internal pneumatic system and
the operation of a patient demand system can result in a ventilator requiring transient input flows
far in excess of 601/min. Because of the compressibility of gas at pipeline pressures and the
diameter of piping that is employed in order to minimize pressure drop, such transient demands
can generally be accommodated from the gas stored locally within the pipe work of the medical gas
pipeline system. There can be temporary pressure drops of the input pressure at the inlet of the
ventilator to below 280 kPa, due to transient flows in excess of 200 1/min (over 3 s), but most of
these drops will be within the supply hose assemblies specified by the manufacturer. Manufacturers
need to evaluate their own designs to establish whether any consequent transient pressure drop
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affects the performance of their ventilators when used with recommended supply hose
configurations and when connected to alternative gas-specific terminal outlets such as those fitted
to cylinder pressure regulators conforming to ISO 10524-1:2018.

Ventilators that can draw greater average or transient flows during intended use are permitted, but
their accompanying documents are required to disclose those flows and warn of the need for a
different diversity factor.

The average flowrate of 60 1/min is greater than the test flowrate used during the commissioning of
medl pipeline Systerr [ ell, U NOUld De OI NO concern bpecause e spe ond ONS

200 ]/min for up to 3 s transient flows, during the preparation of the first edition.of the current
serigs of standards for medical gas pipeline systems and were aware of the need.t6 satisfy that
specjfication when finalizing the medical gas pipeline system test requirements.

Manyfacturers should be aware that other standards for supply systems for’medical gases perniit
the fitting of gas-specific terminal outlets to spur systems such as pendant supply units. Su¢h
subsystems restrict the flow that can be drawn from their terminal outlets.

201}5.101 — Additional requirements for general requirements for testing of
ME equipment

Afterr due consideration, the committees decided that, where this document specifies adjoining
ranges for variables as the basis for testing and the'declaration of performance, the end value pf
both|ranges should be applicable to both ranges. This means that a manufacturer is free to use|a
rounld number end value (e.g. 300 ml) in specifications and is not forced to truncate artificially the
decldred range in order to avoid having to satisfy also the test requirements of the adjacent ranéue.
This| permits, for example, one ventilatgr to have a declared tidal volume range of 300 ml fo
1 00P ml and another 100 ml to 300 ml, Wwith each ventilator only being required to be tested for the
conditions specified for 2300 ml or <300 ml respectively.

201/5.101.1 —Ventilator test conditions
a) 2)

Test|laboratories do,not routinely have access to compressed air and oxygen supplies that are
certified to medical-pipeline standards. In many jurisdictions, medical grade oxygen is a drug and
acce$s is controlled. Enforcing a requirement for type testing to use gases that are approved to
med]cal gas-standards would add significant cost, and potentially prevent some test laboratorig¢s
from being’able to perform the type tests of this document.

For purposes of testing to this document, there 15 no significant difference between industrial
compressed gases and medical compressed gases.

In practice, the oxygen concentration in industrial grade oxygen is no less than that in medical
grade oxygen, although the permitted contaminant profile is different. Similarly, industrial
compressed air is typically provided from a compressor that entrains ambient air, with principal
components (nitrogen, oxygen, argon and CO3;) at concentrations that align with the requirements
for medical air.

A ventilator controls, and measures, flows of gas from air and oxygen inlets. The control and

measurement technologies are potentially susceptible to gas composition, however the critical
parameters for flow measurement and control are density, viscosity, thermal capacity and oxygen
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concentration. The differences in trace contaminant gases between industrial and medical gases
supplies do not result in significant differences in flow measurement and control, and therefore will
not change the results of type test.

The only likely contaminants in industrial compressed gases that could impact test results would be
oil or water in droplet form, as these could potentially damage the ventilator parts. Industrial
compressed air is usually provided from a compressor that entrains ambient air, which will include
water vapour. Dryers and water traps are required to reduce the humidity to prevent condensation
in the compressed gas.

Provided the dew point of the industrial gas supplies is below the temperatures of equipmlent parts
during testing, condensation should not occur, and the results of type tests remain valid.

—+ 201.5.101.2 — Gas flowrate and leakage specifications

Quantities of gas are frequently expressed as the volume that the gas(occupies at stanldardized
conditions. Generally, one atmosphere (101,3 kPa) is used as standard pressure. However, several
standard temperatures are used. Whereas 0 °C is used as standard temperature in physits, either
20°C or 21,2 °C is often used in engineering. In ventilation, the,gas’in the lungs has a tenfperature
identical to body temperature (~37 °C) irrespective of the temperature of the gas deliv¢red by a
ventilator. The volume of a given amount of gas increases by.about 13,5 % from 0 °C to 37 °C or by
5,8 % from 20 °C to 37 °C.

Gas delivery systems supplying pressurized gas to medical equipment, including ventilatoys, follow
engineering conventions and specify gas quantities and flowrates at STPD conditions. Thig practice
is followed in this document for all requirementsconcerning gas input.

However, ventilators conforming with thi$ document are likely to be inflating the patient’s lungs
relative to a local atmospheric pressure between 70 kPa and 110 kPa. In addition, the gas in the
lungs is always saturated with waterwapour regardless of the humidity of the gas delivered from a
ventilator. With a standard temperature of 0 °C, 11 of gas referenced to STPD (standard temperature
pressure dry) can expand thé_lungs to 1,81 at a pressure of 70 kPa. In order to have the values
comparable among different. ventilators, it is essential that the information for all ven{ilators is
referenced to the samerstandard conditions. Because it is the volume of gas and not the number of
molecules that expands the lungs, BTPS is the appropriate set of reference conditions to use.

In ventilators a vaviety of flow transducers are used. Whereas a heated-wire anemometer measures
the rate of mas9flow of the gas independent of pressure, a pneumotachograph measures the flow of
gas at the)actual pressure. Therefore, the necessary corrections depend on the type of flow
transducer. When a pressure correction is required, this can be adequately estimated.

The~necessary corrections also depend on the location of the flow transducer in the [VBS. The
humidity of the gas can be zero when the transducer measures the inspired flow inside the
—W ever—th w i 3 a teeetherelat Alidity can
be anything up to 100 %. When a heat and moisture exchanger is used for humidification, the output
of the flow transducer depends on whether it is located distal or proximal to the heat and moisture
exchanger. With a blower- or compressor-based ventilator that uses ambient air, the humidity of
the drawn-in air can be unknown to the ventilator. All these effects together will inevitably
introduce some errors in the conversion of the measured flow signal to BTPS reference conditions.
However, these errors are only in the range of several percent. For tidal volumes greater than 50 ml,
the committees came to the conclusion that the permitted inaccuracy of the measurement of
*(4 +(15 %)) ml is sufficiently wide and includes the inaccuracy of the flow transducer and the
inaccuracy of the conversion to BTPS conditions. However, it remains the responsibility of the
manufacturer to verify that the accuracy requirements of 201.12.1 and 201.12.4.103 are met.

o O C ., 5 v cl
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— 201.5.101.3 — Ventilator testing errors

When testing ventilator performance, several of the test parameters cannot be measured without a
significant degree of measurement uncertainty due to limitations of the accuracy that can be
achieved, particularly when measuring volumes by the integration of rapidly changing flows.

Because of the relative significance of these uncertainties, it is important that manufacturers allow
for them when declaring parameter accuracy.

Simifarty, it is important for a third-party tester to recognize the significance of the uncertainty jn
their own measurements when testing to this document.

In practice, this means that, for example, if a manufacturer determines that a parameter’has gn
internjded tolerance of +10 %, but the measurement uncertainty is +3 %, then the test'results afe
acceptable if, given the uncertainty band for the measured value, the probability,of the measured
valu¢s being within the limit is at least 50 %. In almost all cases, measurement uncertainty has|a
sym}wtrical distribution, and the 50 % likelihood criterion is met if the measured value is withjn

the dlisclosed limit, in this example, within £10 % of the setting. If a third-party is testing to thiis
document, they also need to include measurement uncertainty in their-testing. The third-party
testing organization needs to control measurement uncertainty to the'same level as that disclos¢d
for type testing, in this example +3 %.

Notel that a third party testing organization obtaining a measuréd value outside the limit does npt
necepsarily invalidate the claim - the deviation from the limit is required to be compared to tIe
uncefrtainty of the measurement to establish the probability of the data representing a trie
deviation from specification.

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

Furthermore, the manufacturer is required"to disclose the measurement uncertainty for ea¢h
declared value in order to provide both(information to the responsible organization and guidange
for a|third-party tester as to the needed measurement accuracy when testing to this document.

— 201}7.2.3 — Consult accompanying documents

The committees agreed that following the instructions for use is a mandatory action for the safe
operption of a ventilatof:

— 201}7.2.101 —Additional requirements for marking on the outside of ME equipment
or ME equipment parts

Essenmtial ‘principle, 21.5, of 1SO 16142-1:2016 and the European Medical Devices Regulatign
2017/745 General Safety and Performance Requirement, 23.2, places requirements on the
man TC > 013 weyyers C v TC ol O Tatioi—on TE Tearca e CCOTTOCCEeSST a0
that includes “any special storage and/or handling conditions” and "any special operating
instructions"”. These requirements provide information to the operators of the medical device
intended to ensure that it is stored and handled in a manner that does not adversely affect medical
device performance or safety.

ed eV e O torae 11O O O C CU
v

It is not expected that this would include storage conditions common to most similar medical
devices, such as a storage temperature range (unless this is more restrictive than the operational
temperature range). This subclause requires labelling for information that is necessary to prevent a
hazard, and that might not be evident to operators of other medical devices.

One example would be for a medical device with an internal battery that is required to be
functional even when connected to the supply mains (for example to provide for surge current for a
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medical device with a very variable power consumption or to maintain a real-time clock during
periods of storage). For this medical device it would be appropriate to include labelling to leave the
ventilator connected to wall power when not in use; the operator of the equipment cannot be
assumed to recognize that such equipment with an internal battery might nonetheless become
unusable even when connected to wall power if the battery is left to discharge while not in use.

A further example would be for a medical device with an internal fluid reservoir, which could leak
externally, or cause a component failure, if the medical device were to be stored upside down. It is
very common for ME equipment to be stored in orientation that is distinct from the operating
position, so for this medical device it would be appropriate to include labelling to show pefmissible
orientation.

— 201.7.4.3 — Units of measurement
Additional information is found in rationale for 201.5.101.2.

— 201.7.9.2.2.101 — Additional requirements for warnings and safety notices

a)l)

A cover (e.g. a curtain or an unfavourable position of the ventilator) could cause the air intakes or
openings of the enclosure to be partly or fully blockedAir intakes are ports for ambient air for
blower-driven ventilators or emergency intakes.

Openings in the ventilator housing are required for circulation of air for cooling and regmoval of
leaked medical gases of the ventilator.

a)2)

In case of a severe ventilator failure, the ventilator stops ventilating the patient. There is nq back-up
mechanism for an alternative méans of ventilation integrated in the ventilator; a ventilator is not
required to be functional under single fault condition. To keep the time for a possible interruption of
the ventilation of the patient as short as possible, an alternative means of ventilation has always to
be available close to theventilator.

a) 3)

Additional attachments or other components or subassemblies increase the resistgnce and
complianee-of the VBS. The additional flow of a pneumatic nebuliser(’8] or the sampling [flow of a
diverting’gas monitor could have a negative impact on the accuracy of the measurement of the
flowrates and oxygen concentration.

b) 1)

Components of critical care ventilators are typically not designed for the high ambient pressures in
a hyperbaric chamber (e.g. 2 000 hPa). Ambient pressure sensors might not be calibrated for high
ambient pressures resulting in severe failure of the ventilator. The high ambient pressure also can
cause an incorrect measurement of the flowrate and oxygen concentration.

The much higher partial pressure of oxygen in a hyperbaric chamber would increase the risk of fire
in the ventilator. A ventilator intended for use in a hyperbaric chamber requires special design
considerations beyond the requirements of this document.
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b) 2)

Nitric oxide can cause significant material compatibility issues with the components of some VBS
(e.g. flow sensors).

b) 3)

Helium and gas mixtures with helium have characteristics that are significantly different from those
of air or air-oxygen mixtures. This decreases the accuracy of the flowrate measurement and impairs
the entilation function.

Because of the changed oxygen concentration caused by helium or mixtures of helium the delivergd
oxygen concentration for the patient would be incorrect. False positive alarm conditions,for both
levelland low oxygen concentrations can result.

Because of the very low density of helium, the gas leakage in the VBS is also.inicreased. The low
densjity also has an impact on the measurement of the resistance in the VBS.

b) 4)

The pdditional gas flow in gas volume reduces the accuracy of thé flowrate measurement with|a
subspquent impairment of the ventilation function.

b) 5)

Ventjlators need for their proper function a spgCific range of pressure, flowrate and gas
concentration at the high-pressure inlets. Deviations of the inlet gas concentration for oxygen cqn
influpnce the calibration of the oxygen sensor{Significant inaccuracies of the measurement pf
inspiratory oxygen concentration can occur.

In case the pressure or the deliverable flgw of the central gas supply is too low, the ventilator would
swit¢h over to the remaining gas, €.g)from oxygen to air, with impact on the delivered oxyge¢n
concentration.

b) 6)

The [functionality of breathing system filters is affected by a number of aspects of structure,
proplerties and local-efivironment.

At the most basie;-a BSF is designed to be a filter that removes particles suspended in gas, i.e. a “dry
aeropol”. The particles primarily targeted in the VBS are bacteria or virus particles (although other
particles would be subject to retention). The filtering material (“medium”) is composed of a matrjix
of salid material with open passageways to allow gas flow. The passageways in such gas filters are

arrangement of the solid part of the filter medium versus the open spaces in the medium brings the
particles in proximity to the surfaces of the medium, where physical forces (electrostatic attraction
and Van der Waals forces) attract and bind the particles within the matrix, removing them from the

gas flow.

In the practical situation of anaesthesia or respiratory care therapy, environmental factors related
to the patient, or the therapy can alter the performance of the BSF from that which would occur in
the simple flow of air with suspended microorganisms though the BSF.

One major factor is the presence, phase, and amount of moisture present in the airflow.
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When there is low humidity in the air (gaseous phase moisture) the gaseous water molecules will
generally pass though the filter medium without effect. If there is a sufficiently high relative
humidity, some BSFs can adsorb or absorb part of this humidity.

If the moisture exists as a liquid aerosol, the water droplets can also be retained by the filter.

The properties of a filter medium that govern the degree to which this interaction with water takes
place is its relative affinity for water. A medium which readily attracts water is termed
“hydrophilic” and a medium which repels water is termed “hydrophobic”. These properties are, in
fact, ot discrete, but exiSt O @ CONUNUOUS Scale. INEVertheless, Im common pariance. fjlters are
grouped into being (relatively) hydrophilic or hydrophobic.

Another example of liquid phase water can be termed “bulk water”. An example of this is the
collected condensate that occurs in the expiratory limb of the VBS. Depending onh the marnagement
of the circuit, and the positioning of the BSF, this bulk water can actually.cempletely cover and
occlude the filter. If a sufficient pressure is applied, the liquid water can beyforced though the pores
of the filter medium. This requires relatively low pressure for a hydrophilic filter and relatively high
pressure for a hydrophobic filter.

The practical consequences of the latter scenario is that if liquiduis forced though a hydrophilic BSF,
gas flow blockage can be relieved, but any microorganisms_removed by the filter can bg carried
past the filter with the liquid stream. In the case of a hydrophobic filter, the pressure in the VBS is
usually not sufficient to force liquid though the medium, so the microbial retentign is not
compromised. Airflow occlusion persists, however, until steps are taking to remove the bulk water.

In addition, there can be a temporal aspect~to the properties of relative hydrophilicity or
hydrophobicity; whereby prolonged exposure to water alters these properties during the|expected
service life of the BSF. A BSF is typically labelled with an expected service life, in hours or days, that
reflects its ability to perform to its labelled specifications in the clinical environment.

[t should be obvious that the potential influence of water on performance differs in anaesthesia and
respiratory care applications, although many, if not most, BSFs are indicated for usg in both
applications.

Additional effects onBSF functionality can be caused by the introduction of substances other than
water or gas into the device. Such substances can originate from the patient (e.g. sputum, exudates,
blood, vomitus)tor substances introduced by the operator into the VBS (e.g. gross amounts of
medications ifitended to be nebulised(!8! for administration though the VBS).

The effect-of such substances can be an increase in flow resistance of varying degree up to fomplete
occlusion at ventilator or physiologic pressures. In the case of nebulised medications, the type of
nebuliser(!8], and its operating parameters are variables that affect the likelihood or magpitude of

reservoir during operator or patient manipulation of the VBS has been implicated as a source of
acute BSF blockage.

The cause of increased flow resistance in a BSF can be gross blockage of the medium passages, or
the effects of surfactant properties of the substances introduced into the BSF upon the
hydrophobicity of the filter medium. It should be noted that medications indicated for nebulisation
can contain surfactant materials that are not identified in the medications’ labelling with respect to
their presence or their quantity, and these can change without notice for a given medication. The
effect of these substances upon flow resistance differs among individual models and brands of BSFs.

The operator needs to be aware that the effects of such substances can be manifested as increases
in the amount of positive airway pressure required for a ventilator-provided breath, or as an
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increase in expiratory flow resistance, resulting in a step-wise increase in intrapulmonary pressure
that, if not detected, can lead to pneumothorax.

Awareness of the possibility, albeit infrequent or rare, of such significant increases in BSF flow
resistance, and inclusion in a trouble-shooting scheme for this and other causes of impaired
ventilation can reduce or eliminate adverse events occurring secondary to BSF flow occlusion.

Direct patient monitoring, and usage of the appropriate settings for, and prompt attention to,
ventilator alarm conditions are essential to provide maximum patient safety.

Oncq a BSF is recognized to be a source of impaired ventilation, simply removing the occluded B$F
and replacing it with another BSF returns ventilation to a normal state.

— 201{7.9.2.8.101 — Additional requirements for start-up procedure

In sqme designs, adequate checking of the alarm system can be performed with a'combination pf
operfitor action and the power-on self-test routines that verify the integrity of the software and tIe
computer controlling the ventilator, as well the measuring sensors and the glarm signal generation.

— 201}7.9.2.9.101 — Additional requirements for operating instructions

b)

Some ventilators are designed so that they can operate with higher-than-normal tubing circyit
compliance and resistance. This can be required to provide the greater length needed during MRI
procedures, for example. Thus, knowledge of these~VBS characteristics is important for tie
healthcare professional operator to be aware of the ventilator capability. Also, knowledge of the
maximum VBS resistance (at nominal and maxitium flowrates) is important because an occlusign
false|positive alarm condition can be caused by the use of high-resistance components in the VHS.
Thede characteristics of the VBS need to _be\inclusive of any inhalation or exhalation particle/BSF,
humldifier, nebuliserl18], water collectionvessels and connectors needed for operation.

— 201}7.9.2.16.101 — Additional requirements for reference to the technical
desqription

Instructions for use are oftenkept as simple as possible so that the healthcare professional operatpr
can ¢asily find and follow important information. Therefore, more technical information, such gs
requfired by this subclause, is better placed in the technical description. However, without adequate
crosg-referencing,a”healthcare professional operator facing a problem might not be aware thhat
additional infermation is readily available in a separate document.

— 201}7.9.3:1.101 — Additional general requirements
1)

The manufacturer is expected to express the description of the ventilator in general terms so the
reader can understand the important behaviour of the ventilator, e.g. mean values and their time
specifications, number of inflations and delays, etc.

— 201.9.6.2.1.101 — Additional requirements for audible acoustic energy
— Table 201.102 — Test conditions for acoustic tests
After due consideration, the committees decided that where this document specifies adjoining

ranges for variables as the basis for testing and the declaration of performance, the end value of
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both ranges should be applicable to both ranges. This means that a manufacturer is free to use a
round number end value (e.g. 300 ml) in specifications and is not forced to truncate artificially the
declared range in order to avoid having to satisfy also the test requirements of the adjacent range.
This permits, for example, one ventilator to have a declared tidal volume range of 300 ml to
1 000 ml and another 100 ml to 300 ml, with each ventilator only being required to be tested for the
conditions specified for 2300 ml or <300 ml respectively.

— 201.9.101 — Additional requirements for suction procedures

[t IS now common practice in critical care areas to use a closed suction catheter during|artificial
ventilation of a patient. Use of a closed suction catheter allows uninterrupted artificial ventilation
without disconnection of the VBS from the tracheal tube, tracheostomy tube or other'airwgy device.
This is in contrast to the use of a traditional open suction catheter which requirés-the opening or
disconnection of the VBS before application of subatmospheric pressure to the,respiratory ftract.

A closed suction catheter is provided with an adaptor that permits its-connection at the patient-
connection port. When used as intended, an in-line or closed suction(catheter and relatedl suction
equipment become an accessory to the ventilator and an extensiofy of the VBS. When [a VBS is
equipped with a suction catheter adaptor, the patient end of the-closed suction catheterr adaptor
becomes the 'new' patient-connection port.

While use of closed suction catheters is regarded as\‘expected normal use by a hpealthcare
professional operator, the related subatmospheric pressures within the VBS have been known to
damage some ventilators!501174],

The purpose of this requirement and test metliod is to replicate these worst-case in-use cpnditions
caused by a closed suction catheter and to démonstrate that a ventilator resumes intended function
after (but not during) the use of a suction.eatheter.

—+ 201.11.1.2.2 — Applied parts notintended to supply heat to a patient

The human airway has a very significant ability to absorb or deliver heat and moisture. Reference
the common practice of sitting in a sauna without harm to the respiratory tractléll. Fully saturated
gas at 45 °C can be inspired for up to 1 h without damaging the mucosa of the respiratory tractl’1l. A
more recent study reported tolerance of inspired gas temperatures of 46,9 °C to 49,3 °C, 100 % RH
(256 k] /kg) for 45minl571.

When considering gas mixtures other than oxygen/air, the following should be observed. Given that
most of the energy is contained in the water vapour, the equivalent of air at 43 °C, 100 % RH is the
maximum-enthalpy that should be allowed. This has a specific volume of 0,978 6 m3/kg of dry air
and an‘enthalpy content of 197 k] /m3 of dry air. Assuming the volume breathed by the patient is the
safire; whatever gas mixture is used, then the safe enthalpy limit is 197 k]/m3 of dry jgas. This
enthalpy per unit volume gives a more relevant measure of the energy delivered to the patjent.

Taking into account the enthalpy of inspired gas that has been shown to be tolerated without
causing thermal injury to the human airways and the very short exposure times of thermal
overshoot from a ventilator in clinical practice, the delivered gas energy limit of 197 kJ/m3 of dry
gas when averaged over 120 s can be used. This allows a safety margin of approximately 25 %
relative to the enthalpy figure of 197 k]/m3 confirmed to be safel71l.

Gas at body temperature and fully saturated (37 °C and 100 % RH) does not transfer thermal
energy to or from the patient with a normal body temperature of 37 °C. Dry gas at body
temperature (37 °C and 0 % RH) draws heat away through evaporation. Gas at 41 °C and fully
saturated has the capacity to deliver less than 181,3 k] /m3 of dry gas breathed by the patient.
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The enthalpy content of 197 k] /m3 has for a long time been in use to limit the energy transfer of
humidified breathing air to the respiratory tract of a patient with bypassed upper airways and no
negative feedback with regard to this limitation was known at the time of the consideration of this
document. Even in the vulnerable neonatal patient population, the committees are aware of no
reports of injury resulting from excessive thermal output from a respiratory gas humidifier when
operating to specification. The committees asked for clinical advice as to whether in addition to the
enthalpy limitation, the temperature needed also to be limited. A German group of clinicians, after
considering the issue and the literature available, came to the following conclusion:

The [iterature showsB/IBI7IT:

—{ thermal inhalational traumas with temperatures above 100 °C but with unknown humidity
content;

— the very low RH of about 5 % only at 100 °C with an enthalpy content of 197 kJ/m3;

— the good experience with the limit of enthalpy content of 197 k]J/m3 of dry.air in humidifi¢ed
breathing gases;

—| the physical facts that a blower/turbine type ventilator increases the temperature of the gas
taken from the environment in the range of 15 °C to 25 °C;

—{ ventilators are used in environments up to 45 °C;

—| an additional temperature limitation is intended to limitthe temperature under worst-case
condition; and

— asufficient safety margin to protect the patient fromthermal injuries of its airways.

The [linician group recommended to keep the thermal’energy limitation of 197 k]/m3 and add|a
maximum temperature limitation of 70 °C, whichever is lower. The committees agreed and
confirmed this proposal.

— 201}11.6.5.101 — Additional requirements for ingress of water or particulate matter
into| ME equipment or ME system

Critifal care ventilators are life-sustaining. Fluids commonly found in the critical care environment
include saline, blood and other-body fluids.

The fommittees agreed that-the P22 designation provided the most appropriate requirements to
enSlIe that the ventilator; its accessories and parts maintain basic safety and essential performange
during normal use.

— 201}11.6.6 —'€leaning and disinfection of ME equipment or ME system
The essential principles of ISO 16142-1 require that medical devices are not to be operated or us¢d

if their-condition could compromise the health and safety of the patient on whom they are being
usedlom] | bird o . b thom, |

This means that ventilators, their accessories and parts cannot be used if there is an unacceptable
risk of the patient, operator or other person being infected as a result of contact with the ventilator,
accessory or part.

Therefore prior to reuse, ventilators, their accessories and parts require an appropriate level of
disinfection, depending on their use, but rarely need to be sterile.

Recommendations for hygienic processing of ventilators, their accessories and parts are based on
the general hygiene requirements for the processing of medical devices and need to take into
consideration the special requirements and needs of patient care in the clinical environment. The
requirements for hygienic processing in this document are intended to:
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— make the responsible organization for processing the ventilator aware of how to implement
these tasks in a responsible manner through appropriate delegation; and

— help all parties involved in the processing of ventilators, their accessories and parts to conform
with the manufacturer’s instructions.

The cleaning and disinfection procedures of the manufacturer are also intended to provide practical
support to all those involved in patient care in the clinical environment with regard to
implementing the hygiene measures required for the patient’s safety.

The manufacturer is encouraged to concentrate on four essential aspects of cleafing and
disinfection:

— the external enclosure of the ventilator;

— the ventilator’s removable breathing circuit, including accessories.and parts (e.g. hyimidifier,
removable flow sensor, connectors, water traps, breathing system filters);

— the internal gas pathways that can become contaminated with-body fluids or by conthminants
carried by expired gases during normal condition or singlé fault condition, which generally
reside within the ventilator’s enclosure and are normally replaced or processed [between
patients; and

— the internal gas pathways that cannot become contaminated with body fluids or by
contaminants carried by expired gases during‘normal condition or single fault conditi¢n, which
generally reside within the ventilator’s enclosure and are not normally removed or grocessed
between patients.

Regarding the cleaning and disinfection or cleaning and sterilization of a), b) and d), above,
manufacturers are required to provide detailed validated procedures for ensuring safe and|effective
processing to protect the next.patient, caregivers, technicians and third parties from p3athogenic
contamination. Manufacturers_are required to document these procedures in the accompanying
documents of the ventilator, Since the gas pathways described in d) above are not contaminated by a
patient, manufacturers are not required to provide, validated procedures for processing them. Iltem
c) and to some extént item d), the disinfection of the ventilator’s internal gas pathwaqys, have
received renewed( attention due the recent outbreaks of contagious diseases like Legignnaires’,
SARS (severe acufe respiratory syndrome) and influenza that affect the respiratory system

Most moderly’ ventilators are designed to permit removal, either for replacement or procgssing, of
those portions of the internal gas pathways that can become contaminated with body flulids or by
contdminants carried by expired gases during normal condition or single fault condition. Rdsponsible
organizations need to follow their infection control procedures when transferring a ventilgtor from
one patient to another.

In the event that the responsible organization suspects that the internal gas pathways of a given
ventilator might have become contaminated with pathogenic material from the previous patient,
the committees suggest a three-step process in the following order to assess next actions:

— ensure that the breathing circuit and all accessories have been removed and dealt with
according to applicable procedures;

— thoroughly disinfect all outer surfaces of the ventilator enclosure, including the outer surfaces
of the gas output port and gas return port; and

— only after executing the previous two steps, swab the inner surfaces of the gas output port and
gas return port and culture the swabs to determine if pathogenic material is present.
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If contagious pathogens are detected, the responsible organization should follow the manufacturer’s
processing procedures found in the accompanying documents to protect the next patient, caregivers,
technicians and third parties from those detected pathogens. The responsible organization should
be aware that sensitive and expensive sensors are likely to be located in the expiratory gas
pathways. Follow the accompanying documents of the affected ventilators to ensure that delicate
and possibly fragile sensors are not damaged during the processing procedure.

Any ventilator that has already been used on another patient could be contaminated with
contagious pathogenic microorganisms until proven otherwise. Appropriate handling and
procgssing procedures are essential to protect the next person handling the device or the neft

patignt on whom the device is used. Hence the gas pathways of ventilators, their reusable
accessories and parts that can become contaminated with body fluids or by contaminants carried by
expired gases during normal condition or single fault condition and have been used should, wh¢n
required for appropriate infection control, undergo a processing procedure Hfollowing the
maniifacturer’s instructions, prior to reuse by another patient.

The following basic considerations need to be addressed by the manufacturerwhen specifying the
processing instructions of a ventilator, its accessories or parts:

— protecting the patient, the operator and the responsible organization (including personnlel
involved in performing the processing procedure);

— the limits of the procedures used for processing (such as the number of processing cycles); and

— the necessity to guarantee that standardised procedures have consistently high and verifiabje
quality, based on an established quality managemeént system.

The recommended processing procedure should:bée determined by:
— the potential degree and type of contamination of the ventilator, accessories or parts; and

— the risk of infecting another patiéntresulting from their reuse and the type of application of the
ventilator.

Specjal consideration of thé possible risk associated with the contamination of gas-conducting
components due to the patient’s rebreathing under single fault condition is required.

On the basis of the above, a verified and validated documented processing procedure needs to Ie
specjfied in such/detail so that the outcome is reproducible. An acceptable residual risk from the
hazayd of infection for the next patient can be assumed if the:

— documented processing procedure’s effectiveness has been verified through appropriafe
scientific methods by the manufacturer; and

— reliability of the documented processing procedures has been verified in practice through
appropriate quality assurance measures by the responsible organization carrying out the
processing procedures.

When selecting and evaluating the processing procedures, the manufacturer should consider:

— the amount and type of pathogenic microorganisms expected to contaminate the ventilator,
accessories or parts;

— the risk for the pathogenic microorganisms to be transmitted to the patient, operator or other
persons; and
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— the microorganism's resistance to the recommended processing procedures.

The risks posed by a processed ventilator, accessories or parts are determined by the following
factors:

— undesired effects, which can result from:

— the previous use,

— the previous processing procedures, and
— transportation and storage;
— the risks from subsequent uses, such as the following:
— residues from the previous use (such as secretions, other body fluids, and drugs);

— residues from the previous processing procedures such as ‘¢leaning agents, disipfectants
and other substances, including their reaction products;

— changes of physical, chemical or functional propertiés of the device; and

— changes in the condition of the material (such.@as’accelerated wear and tear, embrjttlement
and changed surface conditions, connectors.and adhesive joints);

— the risk of transmission of any pathogenic\hicroorganisms.
When considering the suitability of the.pbocessing procedure and the feasibility of the pfocessing
procedure for the ventilator, accessories*or parts, the manufacturer should consider the following
points:

— the risks involved in the processing procedure;

— the cost effectiveness of the processing procedure;

— the practicability of the processing procedure;

— the availability of the cleaning equipment and the cleaning agents specified in the pyocessing
procedure;

— theefficiency of the processing procedure;

— the reproducibility of the processing procedure;

— quality management requirements of the processing procedure; and

— the environmental impact of the processing procedure and the disposal of the ventilator,
accessories or parts.

The manufacturer should verify all cleaning agents and processing procedures used with regard to
their suitability and repeatability with the ventilator, accessories or parts, depending on the type of
use.

The responsible organization should verify that cleaning and disinfection of the ventilator,

accessories or parts are always carried out in accordance with the procedures specified in the
accompanying document.
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The manufacturer should specify validated automated cleaning and disinfection procedures. If they
are not followed, the effectiveness of the cleaning and disinfection cannot be guaranteed. Such
parameters could include the volume of water used, water pressure, temperature, pH, dosage of
cleaning agents and disinfectants, and residence time.

To ensure the reproducibility of automated processing procedures, tests should be carried out on a
regular basis.

The manufacturer should ensure that the specified disinfection procedures are verified to be
bact¢ricidat, fungicidaland virucidal 5o that the cteaned and disinfected ventiiator, accessories pr
parts do not pose an unacceptable risk of infection by reproductive pathogenic microorganisms
when any of these elements, collectively or individually, comes in contact, either directly or
indirjectly, with the next patient, operator or another person.

Effeqtive disinfection requires that the instructions for the disinfectant, especially with regard to
concentration and residence time, are followed.

Follgqwing any processing procedure, a safety and functional testing of the ventilator (as specified by
the fnanufacturer’s instructions) needs to be carried out. If necessary; safety-relevant functiongl
testing can be carried out directly before use of the ventilator.

The pxtent and type of the tests depends on the ventilator, accesSory or part and these need to be
defined in the accompanying document.

— 201{11.8.101 — Additional requirements for interruption of the poweér
supply/supply mains to ME equipment

The pperating time of a battery depends signifiéantly on the number of charging and discharging
cyclgs. Therefore, the committees decided that the manufacturer has to disclose the operating time
in the instructions for use with both fresh and'with aged batteries.

For 3ging a battery, the number of charging and discharging cycles was defined by the committegs
as 10 cycles for a stationary ventilator and an additional 40 cycles for a transit-operable ventilatqr,
whidh means in total 50 cycles:

The pssumption for the 10, cycles for a stationary ventilator was that every month there would
typidally be a single power breakdown in the hospital.

The pssumption for.the 50 cycles for a transit-operable ventilator was that 40 times per year the
ventilator would~be used for patient transport within the hospital and that every month thefe

would typically’be a single power breakdown in the hospital.

— 201{12.1 — Accuracy of controls and instruments

aa)

The committees considered that the accuracy of set and displayed values is a key component of the
essential performance of a ventilator (i.e., the delivery of ventilation at the patient-connection port
within the alarm limits set by the healthcare professional operator or generation of an alarm
condition). The general standard requires manufacturers to declare accuracies and to address the
associated risks in the risk management process. One of the associated risks is lack of consistency
between manufacturers in their declarations of accuracy, both in terms of the reference settings
used and the conditions of testing. Consistency in these situations can only be achieved by means of
internationally agreed standards and these requirements have been formulated in order to fulfil
this objective.
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The test settings and conditions and, for certain parameters, minimum requirements, specified in
this subclause have been selected by the committees as those necessary to demonstrate adequate
essential performance of a critical care ventilator with regard to the parameters specified. The test
procedures have been written as type tests (additional information is found in 3.135 and Clause 5 of
the general standard), with the expectation that manufacturers will design their own test
programmes to ensure that their declared accuracy tolerances for the settings and conditions
specified will encompass any results obtained by a type test performed in accordance with the test
procedures specified in this subclause.

In situations where the ventilator 1S being used to treat highly infectious diseases [€]g., SARS,
COVID-19), the operators are wearing a substantial amount of personal protective equipnjent (e.g.,
multiple layers of protective clothing and gloves as well as goggles that might be blurred due to
aerosol)l“6l. To ensure that the operator can both clearly see and adjust the ventilator, the fninimum
intended position of the operator was extended to 2 m for the purpose, of*legibility testing.
Extending the position of the operator to 2 m was meant as an easier testing method than changing
the testers visual acuity at 1 m. The conformity instruction for this test'being changed|to a 2 m
distance was not meant to represent any real-world scenario. Additiohally, this change pefmits the
operator to clearly see the important information from the foot of-the bed in situations where the
operator’s vision is not impacted by personal protective equipment:

—+ 201.12.1.101 - Volume-control inflation-type

b) 3)

A ventilator that is intended for use with a medical gas pipeline system driven from Oxygen|93 (from
an oxygen concentrator) requires a widervrated range of input oxygen concentration than a
ventilator intended only for use with a medical gas pipeline system driven from oxygen. For a
ventilator intended for use only with oxygén, the rated range of concentration for the oxygen inlet
would typically be “99,5 % * 0,5 %/~ (or alternatively “99,0% to 100,0 %”). For a ventilator
intended for use with a medical gas pipeline system driven by Oxygen 93, the rated concgntration
could be as wide as “90 % to 100% 0O,” where the medical gas pipeline system is backed up with
oxygen. The manufacturer is.required to disclose the effects of variation in the inlef oxygen
concentration within the rated range on delivered oxygen accuracy.

For example, the disdlosed tolerance needs to be broadened to account for variation in inlét oxygen
concentration - a ventilator that is indicated for rated range “90 % to 100 % O,” and that|does not
measure the inlet.concentration, and that has a blending accuracy of #4,5 %, would have a delivered
oxygen coneentration tolerance of +5 % when used with oxygen, but might have a delivered oxygen
concentratiofl tolerance of +10 % when configured for use with Oxygen 93. The variatioh in inlet
concentration sums with the blending error term to yield a delivered concentration error.

Alternatively, a ventilator with identical blending accuracy of 4,5 % and that measures|the inlet
eoncentration with an accuracy of #1,5 % might have a delivered oxygen concentration tolerance of
¥ % (and a restricted setting range, 21 % to 90 %), when used with OXygen 93.

The manufacturer is not expected to repeat testing with the oxygen inlet concentration being varied
across the rated range. It is expected that the effect of variation in the inlet oxygen concentration
that is theoretically derived can be used to adjust the results of testing with a known concentration
to determine blending accuracy.

Table 201.104 — Volume-control inflation-type testing
The test lung resistance values used in Tables 201.104 and 201.105 are essentially unchanged from

the test cases specified in now withdrawn ASTM F1100:901401. The only difference has been the
addition of five further infant test cases to extend downwards the range of tidal volume.
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ASTM F110001 included a note that resistance values are for ‘parabolic resistors’. These are simple
devices comprising an orifice plate with a cylindrical hole that are easy to manufacture to good
tolerance. However, these have a variation in pressure with flow that follows a quadratic. This
results in an effective increase in resistance with flow, much more so than for resistance in the lung,
and also more than for resistance of an endotracheal tube (ETT). While linear resistors can be
constructed, they typically rely on use of porous media or small-scale laminar-flow structures to
achieve a linear pressure-flow profile, and are more difficult to manufacture to close tolerance.

In the first edition of ISO 80601-2-12, the test lung configuration values were retained, however the
table};s were amended to Specily use of linear resistance. At the time, this was thought to be mote

representative of clinical use, and the increasing availability and use of electronically-controled
test Jungs meant that modelling linear resistance was less challenging.
Howgver, it has become clear that in some cases this leads to clinically-implausjble*“test casgs,
particularly those test cases that use R200 resistance (intended to represent a 3,0.mm ETT) with
tidallvolumes of 30 ml or greater. Test lung resistors are calibrated at a test flow‘of 1 1/s (60 1/mig).
Both| a parabolic and a linear resistor with nominal resistance of R200 provide-a pressure drop pf
200 hPa at 60 1/min test flow. However, the parabolic resistor will have.a‘pressure drop of only
50 hPa at a test flow of 30 1/min, while the linear resistor pressure drop-is 100 hPa. The effect [is
even more pronounced at lower flow rates - the pressure drop at 151/min is 12,5 hPa for the
parapolic, versus 50 hPa for the linear, resistor.

preponderance of the resistance being in the very smal] scale passages in the lower levels of the
tracheobronchial tree). Typical values for total pulmonary system resistance in mouth-breathing
humpns vary from approximately 20 hPa-(1/s)! .t0~ 25 hPa-(I/s)! in neonates, to less thgn
5hPa:-(1/s)! in adults[?0. These values are significantly increased in restrictive airway diseade.
Howgver the very high values of resistance foundin the ventilator test case tables largely represent
the resistance of the ETT.

In fdormal breathing patterns, flow in the lung is approximately laminar (owing to t&e

Meagurements of pressure drop versus.flowrate for seven sizes of ETTs have been published!¢l.(A
7,0 mm ETT has a resistance at 11/s(that is close to R10 (10 hPa-(1/s)1), however the resistance|is
lower at lower flow rates, for example at a flowrate of 0,25 1/s the resistance is approximately R4
(4 hira-(1/s)1).

For gmaller sizes of ETT; the resistance changes significantly as flow increases above a critidal
valu¢, which represents-the onset of turbulence. Figure AA.1 demonstrates this effect.

The tritical flowanges from 0,251/s for a 3,5 mm ETT, to 0,63 1/s for a 7,0 mm ETT. The critidal
flow|is evident in-Figure AA.1 as a notch in the pressure curve at approximately 12 1/min (0,2 1/5).
Belop the critical flow, the pressure drop scales approximately as flow to power 1,3, while aboye
the driticalflow the pressure drop scales approximately as flow to power 1,8.

Table-AAd-shows-the-test-casesfromTable 204103-in-the previeus-edition-of-this-decument—+te.
ISO 80601-2-12:2011. The first five columns are taken from that table. It should be noted that
parabolic resistors are commonly available in a limited number of values, typically Rp5, Rp20,
Rp50, and Rp200, and that the table was constructed to use these standard values.

The next two columns show the average flow required (assuming a rectangular flow waveform)
and the peak flow required (assuming a worst case linear decreasing flow pattern, terminating at
zero flow). The right-hand columns show the worst-case pressure drop for worst-case flow
assuming a parabolic resistor, or a linear resistor, respectively.
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P| isthe pressure drop in hPa

Q| isthe flowrate in1/min

Figure AA.1 — Pressure drop calculation for 3,0 mm ETT,100 % RH room air at sea level, 37°C,
using approach specified in'Reference [60]

It is clear that changing the resistor specification* from parabolic to linear has very sighificantly
altered the pressure drop due to resistance inall test cases with a tidal volume less than 300 ml. In
several cases, such as #11, #13 and #15, the'resulting pressure drop is far in excess of the|pressure
drop appropriate to this patient model. However, in other test cases such as #18 through|#21, the
parabolic resistor is clearly too low a resistance to be appropriate.

Calculated pressure drop across @number of sizes of ETT tube at specified flow rates appropriate
to that size patient are tabulated in Table AA.2, expressed both as actual pressure drop,|and as a
resistance value (expressed in hPa-(1/s)1).

The test cases need to account for both the resistance of the endotracheal tube, and the resistance
of the patient’s pulmonary system. This suggests that for tidal volumes of no greater than 20 ml (test
cases #16 - #21)vesistance values of 50 hPa-(1/s)1 to 200 hPa-(1/s)-! remain appropriate| For test
cases with tiddlvolumes of 30 ml to 50 ml, representing term neonates or infants, resistange values
of 20 hPa7(l/s)! to 100 hPa-(1/s)! would be appropriate. For test cases of 50 ml or] greater,
resistance-values should be 5 hPa-(1/s)1 to 50 hPa-(1/s)-1. Based on this, the resistance yalues in
Tablen201.104 and Table 201.105 have been adjusted from the values contained in [previous
standards.
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Table AA.1 — Flow and pressure drop for linear and parabolic resistors

Test C R a Insplzratory Mean Peak Parabolic Linear
# time flow, flow, AP AP
ml/hPa | hPa-(l/s)1 ml s I/min | 1/min hPa hPa
1 50 5 500 1 30 60 5,0 5,0
2 50 20 500 1 30 60 20,0 20,0
3 20 5 500 1 30 60 50 50
4 20 20 500 1 30 60 20,0 20,0
5 20 20 300 1 18 36 7,2 12,0
6 20 50 300 1 18 36 18,0 30,0
7 10 50 300 1 18 36 18,0 30,0
8 10 20 200 1 12 24 3,2 8,0
9 3 20 50 0,6 5 10 0,6 3,3
10 3 50 50 0,6 5 10 1,4 8,3
11 3 200 50 0,6 5 10 5,6 33,3
12 3 50 30 0,6 3 6 0,5 5,0
13 3 200 30 0,6 3 6 2,0 20,0
14 1 50 30 0,6 3 6 0,5 5,0
15 1 200 30 0,6 3 6 2,0 20,0
16 1 200 20 0,4 3 6 2,0 20,0
17 1 200 15 0,4 2,25 4,5 1,13 15,0
18 1 50 10 0,4 1,5 3 0,13 2,5
19 0,5 50 5 0,4 0,75 1,5 0,03 1,3
20 0,5 200 5 0,4 0,75 1,5 0,13 5,0
21 0,5 200 5 0,4 0,75 1,5 0,13 50
Table AA.2 —Flow and pressure drop for linear and parabolic resistors
ETT diameter | Test case flow Pressure drop Resistance
mm 1/min hPa hPa-(1/s)1
2,5 0,5 0,36 43
2,5 2,0 1,96 59
3,0 1,0 0,4 23
3,0 4,0 2,3 35
4,0 3,0 0,5 9
4,0 10,0 2,5 15
5,0 50 0,4 4,5
5,0 24,0 3,6 9,0
7,0 20,0 0,6 1,8
7,0 60,0 3,7 3,7
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— 201.12.1.102 — Pressure-control inflation-type
b) 3)
See rationale for 201.12.1.101 b) 3).
Table 201.105 — Pressure-control inflation-type testing

See rationale for Table 201.104.

—+ 201.12.1.104 — Inspiratory volume monitoring

Evidence is accumulating that both volutrauma and barotrauma can result in respiratory morbidity
and affect long-term respiratory outcome. Overstretching of the lung results in*a decredse of the
compliance in the respiratory system. A continual overstretching results injan increase in the water
content of the lungs and microscopic evidence of alveolar and interstitial oedema,| alveolar
haemorrhage and neutrophil infiltrationl¢5]. The immature lung is especially vulnerable [to injury
due to overstretchinglé8l. Volutrauma has been characterized by, airway modelling anfd airway
hyper-responsiveness in infant ratsl>¢l, In addition the early onset-of airway hyper-responsiveness
is a predictor of bronchopulmonary dysplasia in human &nfantslé8l, a condition resplting in
permanent lung injuryl9. As a result, the healthcare professional operator needs to know|both the
inspiratory volume and airway pressure to be able to assess the adequacy of the patient's veptilation.

As with the measurement of airway pressure, the,site of the volume measurement is not $pecified,
but the value is required to be referenced to the,patient-connection port (additional information is
found in the rationale for 201.12.1.102). The permissible errors in measurement of airway{ pressure
and inspiratory volume are reasonable for patients that require more than 50 ml inspiratory volume,
i.e. there is little risk associated with under-ventilating such patients. This is less true fof smaller
patients, particularly those requiringtidal volumes of less than 50 ml, with stiff lungs in a volume-
control inflation-type.

For neonatal and infant patients, it is not practicable to mandate an accuracy specification for
volume monitoring. In ventilator use-cases that do not include a flow sensor at the patient-
connection port, this camonly be estimated by subtracting the tidal volume estimated as l¢st to the
compliance of the VBS)from the tidal volume as measured by flow sensors in the ventilator. For
those patients requiring tidal volumes of less than 50 ml, this circuit compliance volume can
significantly exceed the tolerance mandated in this subclause.

There car’beé clinical reasons why it is not appropriate to use a flow sensor at the patient-
connectigir port for some patients. Such a flow sensor would add a dead space to the VBS, which
increases rebreathing, and imposes an additional ventilatory burden. In addition, the mdss of the
flow'sensor can contribute to unintended extubation, which can contraindicate use in som¢ infants.

As @ consequence, theaccuracy specification for voturme momnitoring with tidat volumesof less than
50 ml has been left as a manufacturer disclosure.

— 201.12.1.105 — Response of the ventilator to an increase in oxygen concentration

It is important that changes in the delivered oxygen concentration can be made without major
delay. This is especially relevant in cases where a rapid increase of the inspired oxygen
concentration is necessary for patient care. For instance, it is common practice to preload the
patient with high concentrations of oxygen for a brief period prior to open suctioning. Depending
on the design of the ventilator and depending on the settings, significant delays can occur.
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committees could not develop a maximum delay as there are too many possible clinical

scenarios. However, the healthcare professional operator needs to know how a ventilator will
respond, particularly to a request for a sudden increase in oxygen concentration delivery.

Asa

result, a test method has been developed. The results of this test are required to be disclosed in

the instructions for use so that an healthcare professional operator can effectively care for the
patient.

— 201

.12.4.102 — Measurement of airway pressure

Addiltional information is found in the rationale for subclause 201.12.1.104.
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bite in the VBS at which pressure is sensed varies from ventilator to ventilator. Gengrally, the
ifacturer chooses one of two strategies:

measuring the airway pressure by direct sampling at the patient-connection poxt: or

ndirectly estimating the pressure at the patient-connection port by measuring the pressures pt
wo locations in the ventilator, on the inspiratory side of the VBS (at:the “to patient” port) and
n the expiratory side of the VBS (at the “from patient” port), and, after mathematidal
manipulation, averaging the two values.

if the first strategy is chosen, the actual pressure trafisducer will be located inside of the
lator enclosure with narrow-diameter “plastic” tubing.linking the pressure-sampling port pt
patient-connection port to the sampling nipple on the pressure transducer. And for safefy
ns a separate transducer will likely measure the pressure on the inspiratory side at the “fo
nt” port. The displayed airway pressure, however, is always expected to estimate accurately

irst strategy accurately reflects the true airway pressure within the error of the pressure
ducer.

e manufacturer selects the second strategy for the prediction of the true airway pressure, pt
two methodologies can be used.to arrive at estimates of this airway pressure.

ude that the pressure, measured on the expiratory side of the VBS reflects the true airwaqy
ure. And conversely)during exhalation, if one assumes stagnant conditions in the inspiratory
the pressure measured on the inspiratory side of the VBS can be taken as the airway pressure.
ever, if “bias”yor “base” flows during inspiration and exhalation result in significant pressure

lossgs across_these individual limbs, these pressure losses need to be estimated. The airway
presgure on the/inspiratory side, pl (¢), can be approximated by Formula (AA.1):

Py(t) &P(t) = Vi(t) X Ry (AAD)

where

P,(t)  isthe measured pressure on the inspiratory side of the VBS,

Vi(t) s the flow in the inspiratory limb, and

R is the resistance of the inspiratory limb.

The airway pressure on the expiratory side, pE (¢), can be approximated by Formula (AA.2):

Py (t) = Pg(t) + Vg(t) X Ry (AA.2)

where
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Pp(t)  isthe measured pressure on the expiratory side of the VBS,
Vg(t) isthe flow in the expiratory limb, and

Ry is the resistance of the expiratory limb.

Taking the average of the inspiratory and expiratory pressures is shown in Formula (AA.3), which
arrives at the best estimate the airway pressure, P, (t)-

o RLUORE@) as)
L}— X

2

ﬁ
<P!
A~

The application of this last method requires a method to estimate R; and Rg. Witl/ appropriate
algorithms and regular cross checking of the two pressure transducers, the reliability and|accuracy
of p, (¢) isassured.

— 201.12.4.103 — Measurement of expired volume and low-voltine alarm condjtions

It is desirable to have a fast responding measurement of volume and narrow alarm limits. However,
as there is often considerable variation in a patient’s ventilatory pressures and volumeg, narrow
alarm limits inevitably lead to clinically insignificant alarm. conditions. As a result, hpalthcare
professional operators choose to set wide alarm limits to £educe the number of insignificdnt alarm
conditions despite the fact that this can compromise patient care when there is a prolonged small
change in their ventilation. Therefore, it is recommended that a ventilator be designed t¢ initially
use a lower priority alarm condition, which escalates to a higher priority if the alarm limit|violation
persists. The initial alarm condition priority and’the priorities and timing of the escalatidn should
be determined by the severity of the potential\harm to the patient in combination with the|length of
time that the healthcare professional operater has to prevent the harm from occurring.

— 201.12.4.103.1 — Ventilators inténded to provide a tidal volume >50 ml
—+ b) 6)ii)

In this document the phease 'responsible organization-configurable' is used to describe Ventilator
settings that are preatranged either to a specific value or a range of values by the rasponsible
organization for a particular setting. Responsible organization-configurable settings are normally
protected from change by the normal clinical operator. When the responsible orgdnization-

configurable parameter is constrained to a range, the operator typically can then agljust the
parameter value within the constrained range.

—+ 201.12,4.103.2 — Ventilators intended to provide a tidal volume <50 ml

-1 1) 6)ii)

See the rationale for 201.12.4.103.1 b) 6) ii).
— 201.12.4.104 — Expiratory end-tidal CO2 monitoring equipment

The monitoring of expiratory end-tidal CO; is employed clinically as a surrogate for arterial CO;
tension. It therefore provides an alternative to monitoring expired tidal volume in assessing the
adequacy of ventilation of the lungs. However, in the event of an occlusion or leak within the VBS,
minute ventilation can be significantly reduced, while arterial CO; rises. This can result in
monitored end-tidal CO, values that remain within the clinically acceptable range as the patient
tidal volume is reduced below the level of physiologic dead space. The committees did not believe
that safety could be ensured through use of monitoring of end-tidal CO, unless either monitoring
inspiratory volume or expired volume was also in use.
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It is not intended that this constrain a manufacturer to integrate the CO, monitoring equipment into
the ventilator. This allows for cases such as when the end-tidal CO, monitoring equipment is
integrated within a vital signs monitor from a separate manufacturer.

— 201.12.4.105 — Maximum limited pressure protection device

When developing this edition of the document the committees carried out a re-evaluation of the
current level of maximum limited pressure.

In a [general population, the lung protective ventilation strategy involves keeping tidal volumes pt
4 mlfkg to 6 ml/kg of predicted body weight (PBW) and preventing lung pressdre from exceeding
~28hPa (28 cmH,0) and “driving” pressures from exceeding 15 hPa (15 cmmH70). However even
whilge applying this lung protective strategy as described above a limited-ntmber of patients need
extrgmely high pressures at the patient-connection port (i.e. >80 hPa (80 cmH;0)) due to the
extrgmely high resistance of their airways (e.g. patients suffering from aniacute severe asthma).

Another clinical strategy considered is the use of a high set raté.in order to minimize lung delga
presgure while maintaining adequate CO, removal. This requires a short inspiratory duratign
whidh in turn requires a high flowrate that requires a pressure at the patient-connection point thpt
is significantly higher than the pressure in the patient lung:

High| peak pressure at the patient-connection port ¢an also be necessary for short periods for lugg
recrfiitment manoeuvres in obese patients.

The Figure AA.2 illustrates a pressure waveform during volume-control breath delivery to a patiept
with|acute severe asthma. This shows_a;high peak pressure at the patient-connection port but|a
much lower pressure to which the lung of the patient is exposed. The high peak airway pressure pt
the patient-connection port is nat injurious to the lung, as it does not reach the patient’s lung.
Howgver, if lung would be exppsed to these non-acceptable pressures, the lung would be injured.

Congidering the need to centrol the risk of a potential barotrauma (i.e. to reduce the maximum
limited pressure the patient will be exposed to under single fault conditions as far as possible) bt
also |considering thé-need to provide higher pressures under specific clinical conditions, the
cominittees havesdeveloped a new concept which accommodates both the safe pressure limitatign
undqr single fatilt-conditions for each individual patient and the clinical needs of higher pressures
for a|specific.group of patients.

A reyiew~of incident databases did not identify any data demonstrating enhanced safety with|a
gen rq] praccnva ]|m|qu|nn ]nu\rar Hn')n 1 ')': l’\D’J (1 ')': r‘m” n\ Thavof‘nvn 1nr~v~afxcor‘ pnf—ranf safa y

e t—oare

would not be achieved by reducing the maximum Ilmlted pressure below 125 hPa (125 cmH0), and
such a reduction would prevent required treatment of certain patients and diagnoses.

This document defines a high-pressure alarm condition, with an alarm limit that is adjustable by the
operator. Standard clinical practice is to set the high-pressure alarm limit to a value that is a safe
maximum peak airway pressure for the patient.

The maximum limited pressure is a secondary means of protection which becomes effective under
single fault condition. In order to apply an appropriate level of maximum limited pressure, while not
preventing effective ventilation with pressures necessary for the specific case, the committees
decided to link the maximum limited pressure to the operator-configured high-pressure alarm limit.
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Figure AA.2 — Pressure waveforms as'a function of time during volume-control breath delivery
to a patient with acute severe asthma

It is very common to use active’ controlled valves for limiting the maximum pressure. These valves
open with a certain respense time, which could result in a short pressure overshoot. When|open the
flow results in a pressure differential. Both effects together with the tolerance of the [pressure
control requires there-to be a margin between the high-pressure alarm limit and maximun limited
pressure. Takingraceount of the technology available the committees determined that a hargin of
20 hPa (20 cmH>0) between the high-pressure alarm limit and maximum limited pressure would be
sufficient.

In ordey'to mitigate for unintentionally inappropriate settings, causing the high-pressure alarm
limitto go above at 60 hPa (60 cmH,0) or 20 hPa (20 cmH;0) above the operator-set pressure, an
operator interaction requiring a clear and deliberate action, is introduced. See ratjonale to
201.12.4.106.

— 201.12.4.106 — High airway pressure alarm condition and protection device

The high airway pressure alarm condition can occur in several scenarios, with different appropriate
responses. It should be noted that it is implicit that in normal condition, the exhalation resistance of
the VBS (including breathing circuit, filters, and exhalation valve) is sufficiently low so that the
pressure can return to set BAP within one respiratory cycle of the end of a ventilator inspiration.
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e)

Considering the reported incidents of patient harm associated with inappropriate setting of the
high airway pressure alarm limit, the committees considered options to ensure that the alarm limit
is set appropriately to reduce risk of barotrauma.

The great majority of patients, ventilated by a ventilator specified by this document, will not need
more than a 60 hPa (60 cmH;0) high-pressure alarm limit for sufficient ventilation. Therefore the
committees determined that an unintentional setting in excess of 60 hPa (60 cmH,0) would be
inappropriate.

In onder to control the risk of unintentional settings, causing the high-pressure alarm limitto-be sgt
above 60 hPa (60 cmH;0) or 20 hPa (20 cmH,0) above the operator-set pressure, an operatpr
interfaction requiring a clear and deliberate sequence of actions, was introduced to, set the high-
pressure alarm limit to values in excess of 60 hPa (60 cmH,0) or 20 hPa (20 caH»0) above the
operfitor-set pressure.

V)

Patient cough

A copigh is a transient forced expiration due to involuntary contraction of the abdominal muscles
and ppening of the glottis and vocal chords, resulting in_dwery rapid expiratory flow of short
durzilfion. This is most commonly triggered by pulmonary irritant receptors, and is a defensiye
mechanism that ejects foreign matter from the bronchi and trachea.

This|action triggers a rapid but transient increaselin pressure at the patient-connection port. Tie
pressure elevation is generated by the patient<respiratory muscles. In this scenario, it can be
appropriate to transition to exhalation, as this would assist the forced expiration and clearance pf
foreilgn material. However, the volume of air ejected has come from the lungs, and the normfal
operption of the ventilator expiratory.phase control of pressure would be sufficient to restofe
pressure to a value close to set BAP, within the normal exhalation period. There is no clinical reasqn
to open a pressure-relief valve.

Patient forced expiration

In sqme cases, a patient_¢an make a forced expiratory effort during the ventilator inflation phade,
resulting in a presstive increase at the patient-connection port. As this is a patient-generatgd
pressure, the same-rationale applied to cough would apply to this scenario, and transition to the
exhallation phase™is an appropriate and sufficient response. Even in the worst case, the exhaled
volume wouldvbe unlikely to exceed twice the normal exhaled volume, and the time required o

redufce thepressure to set BAP would not significantly exceed one respiratory cycle.
InaIIp'mpTia'rE'vvl'u'm'E‘ﬁrrpnﬁ?nﬂmrrpﬁmrce—

In a volume-control or volume-targeted ventilation-mode, pressure can exceed the high airway
pressure alarm limit due to a reduced pulmonary compliance. In this scenario it would be preferable
to apply a pressure limitation (with a threshold less than the high airway pressure alarm limit).
However in the absence of this function, the appropriate action would be to transition to the
exhalation phase. As the inspiratory volume is not increased, there is no reason why the normal
operation of the ventilator in the expiratory phase would not reduce the airway pressure to set BAP
within one respiratory cycle.
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Inspiratory limb occlusion

In this single fault condition, the patient is not subject to high pressure. Ventilators that do not
incorporate a pressure monitoring line from the patient-connection port might be unable to
differentiate this from a high airway pressure state. Because the patient is not subjected to the high
airway pressure, the action defined in 201.12.4.108 (obstruction alarm condition) is appropriate to
control the risk.

Expiratory limb, breathing system filter or expiratory valve occlusion

For most software-controlled ventilators, this only results in a high airway pressure aldin condition
if it occurs during the expiratory phase, as the exhalation valve remains closed during vyentilator
inspiration. In some cases (such as a ‘pressure limited’ ventilation-mode), the pdtient pregsure can
exceed the alarm limit if the occlusion prevents the maximum limited pressure protectipn device
from operating.

Terminating gas output port flow - either by terminating the inflation phase, or terminating the bias
flow or continuous flow - causes the pressure to stop increasing,~but might not resylt in the
pressure falling below the alarm limit. This constitutes the ‘actionto cause the pressure tp start to
decline’. If the pressure fails to return close to set BAP withintone respiratory cycle, this is|evidence
that the expiratory resistance is excessive, and the ventilator’should provide an alternatiye means
to relieve the pressure. Typically this would involve @pening some form of ‘safety valye’ in the
inspiratory part of the VBS. Assuming that the inspiratory limb of the circuit has comparable
resistance to the expiratory limb, it can then take one further respiratory cycle to restore [pressure
at or below set BAP. Hence the committees have specified that the pressure is required to be
reduced to set BAP, or atmospheric pressure lével, within no more than two respiratory|cycles or
15s.

Flow delivery ‘fails open’

In single fault conditions such as-a.mechanical failure of a pressure regulator or a flow contyol valve,
or a failure of software contrél of a flow source, resulting in uncontrolled flow of gas to the
ventilator gas output portytransition to the expiratory phase (which opens the exhalati¢n valve)
should be sufficient to control the risk. However, the pressure might not reach the linfit within
200 ms. If the pressuteremains above the high airway pressure alarm limit (for example because of
a catastrophic flow valve failure) it can then be appropriate to also open some form of pressure-
relief valve to divert the gas output port flow and restore the patient-connection port to atmjospheric
pressure.

h)

Atmospheric pressure

I mormat condition, termination of vemnttiator inspiration, and the normal action of the expiratory
valve, allows pressure to be relieved to PEEP within one respiratory cycle without loss of control of
PEEP. Normal condition would include any patient-generated effect. However, if there is a single
fault condition, such as an obstruction of the breathing circuit or a flow delivery fault, other means
can be required to reduce the pressure, and in this scenario it is not expected that the ventilator is
able to maintain control of PEEP.

Set BAP level
As noted above, the worst-case time required to reduce the airway pressure to a value less than or

equal to set BAP is two respiratory cycles. To account for the possibility that the mandatory set rate
has been set to a value significantly less than the patient’s normal resting breathing rate, the
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committees have limited the recovery time to a maximum of 15 s. This reflects literature that shows
typical breathing rates in adultsl4¢l, including geriatric populations(’2], that are rarely less than
10 breaths/min, and hence would require no more than 12 s for two respiratory cycles.

— 201.12.4.108 - Obstruction alarm condition

Sustained elevated airway pressure levels can cause hazardous increases in intra-thoracic pressure.
Such pressure increases can result in decreased venous return, reduced cardiac output and a
subsequent drop in arterial blood pressure. Obstruction of the expiratory limb is the most common
obstfuction In a ventilator. The obstruction of the expiratory imb alarm condition should, be
designed to detect promptly a reduced expiratory flow due to an increased resistance in the
expiratory limb.

The nature or duration of an occlusion in the expiratory limb of the VBS cannot, be" predicted.
Assuming that the occlusion is severe and the safety valve opens quickly, the patientis not exposg¢d
to potentially injurious high pressures, although at the likely expense of the loss)of PEEP. Further
inspjrations, whether or not assisted by the ventilator, necessitate rebreathing the previous|ly
exhaled gas trapped in the inspiratory limb. Given these considerations and their consequences, tlﬂe
assofiated alarm condition is required to be at least medium priority. Even-if the ventilator is highlly
sophiisticated, the presence of an occlusion in the expiratory limb of the'VBS represents a significant
corryiption of the ventilator’s ability to provide essential respiratory’support to the patient, whi¢h
requiires prompt action by the healthcare professional operator.

Examples of causes for continuing airway pressure include a malfunctioning expiratory valv
kinked tubing and expiratory filter blockage. Nebulised/!8Mdrugs can block expiratory filters withjn
a short time.

o

Other consequences of incomplete expiration{increased peak airway pressure or decreasg¢d
vent]lation) can be detected and indicated by other alarm conditions required by this document.
Practice shows that clinically used alarm limits are not always sensitive enough to provide early
and $pecific detection of this potentially.hazardous situation.

— 201|12.4.109 — Disconnection alarm condition

Discponnection of the ventilator breathing system is a frequent occurrence in the critical cafe
environment, and yet the(only reference on the previous edition of this document is a reference jn
201.113.2.101 to disruption of the gas delivery to the patient-connection port from the ventilator.

It is recognized thiat\disconnection leads to a loss of gas exchange, with the possibility of significapt
harm or deathlé¥:-Many current critical care ventilators generate a technical alarm condition wh¢n
this pccurs, This amendment adds a mandatory requirement to provide such a disconnection alarin
condjtion.

Implertentation-of-a-disconneet-edarneondition-eanuse-a-variety-of-technological-means—to-detect
gas flow into and out of the lungs, and these can differ between different groups of patients. Where
the disconnect alarm condition detection mechanism uses information from one or more external
sensors, such as for expired CO2, the requirement from Clause 13 of the general standard for single
fault safety applies. Loss of information from an external sensor would need to be assessed as a
single fault condition.

Detection of disconnection of the breathing gas pathways between the ventilator and the patient-
connection port, or disconnection at the patient-connection port, is mandatory.

In some patient groups, and particularly in neonates ventilated with a narrow lumen endotracheal
tube, it might not be practicable to reliably detect decannulation without using a sensor placed
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between the patient-connection port and the airway device. For example, an expiratory flow or end-
tidal CO; sensor.

However, there can be clinical reasons why this is not appropriate. Use of either a flow sensor or a
mainstream EtCO» sensor adds dead space to the airway device, which can be very significant
relative to the desired tidal volume. This would increase rebreathing of exhaled gases and impose
an additional ventilatory burden. This has been demonstrated to prolong weaning time and worsen
patient outcomel51l,

M addition, the mass of the Sensor attached to the alrway device can increase the incjdence of
unintended extubation.

When using a diverting (sidestream) expired CO; monitor, the monitor removesa fixed flowrate of
gas from the patient-connection port. This can exceed the spontaneous inspiratory flow foran infant
patient, and thereby prevent use of patient-triggered ventilation-modes, resulting in [a higher
imposed work of breathing and patient-ventilator asynchrony.

As a consequence, the operator needs to retain the ability to select Which monitoring deyvices are
attached to the VBS, while also being aware of any limitation\that the adopted confjguration
imposes on the operation of the alarm system. For this reason,, this has been added to Clauge 206 to
ensure that the usability process is applied to this scenario,

Critical care ventilators are intended for use in the critical’'care environment. These settingf provide
specialized care for patients with conditions that can be life-threatening and who require|constant
monitoring in a professional healthcare facility. Not.dll patients who are cared for in the crifical care
environment are ventilator-dependent, and .as<a result critical care ventilators can be| used to
augment the ventilation of spontaneously breathing patients.

Although some manufacturers have chiosen to provide separate ventilation-modes for ventilator-
dependent and non-ventilator-dependent patients, this is discouraged as it leads to |operator
confusion. According to ISO 19223; ventilation-modes are classified by the types of inflations that
are provided, the pattern of initiation, and independently of the intended patient or airway
interface.

In those patients whe~are not ventilator-dependent, disconnection cannot require prompt pttention
from the operator—~Alarm fatigue is well-documented in the clinical setting/*8], and cap lead to
delayed respongesto those alarm signals that really are critical, including alarm signals [from the
ventilators used’ for ventilator-dependent patients!52l. It is desirable to allow the op¢rator to
inactivatethis alarm condition to avoid distracting caregivers from other more critical events.

This «document does not address how the operator confirms whether a particular patient is
ventilator-dependent prior to inactivating the disconnection alarm signals. Many implementations
are’ possible, for example, this information can be captured during patient setup; or It can be

nmcluded as 32 nromnt during the nrocess of inactivation The manufactiyrer is reauired t perform
Hedaed—as—apromp—aungiept SS—-oRd e VaHeR—-1 H —strequirea—+

usability testing in order to validate the effectiveness of their implementation.
— 201.12.101 — Protection against accidental adjustments

Unacceptable risks to the patient can occur as a result of accidental adjustments of operating
controls or turning off the ventilator. To control this risk, the operator interface should be designed
to prevent accidental adjustments. The usability engineering process is used to ensure that these
risks are reduced to acceptable levels. Example methods could include mechanical risk control
techniques such as locks, shielding, friction-loading and detents; pressure-sensitive finger pads;
capacitive finger switches; and microprocessor-oriented “soft” risk controls; and a specific sequence
of key or switch operations.
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— 201.13.2.101 — Additional specific single fault conditions

a)

Disruption of the gas delivery to the patient independent of the root cause for the disruption (e.g.
by disconnection or blockage of the inspiratory breathing / tubing system) is the most reasonably
foreseeable event in the daily practice of ventilation around the world that might quickly lead to
serious irreversible injury or the death of a ventilator-dependent patient.

b)

Disryiption of the gas flow pathway between the patient and the ventilator independent of the ropt

caus
Ssystd
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pres
irrev
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Oper
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cont
oper
with
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Increé
neby
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d)

Oper
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the
wire

communication dogs\not cause an unacceptable risk to the patient. Further this communication (elg.

betw
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— 201

‘Iventilator module” dnd ‘the remote control or monitoring module is facilitated (e.g. wired ¢pr

e for the disruption (e.g. by disconnection or blockage of the expiratory breathing,/ tubing
m) is the most reasonably foreseeable event in the daily practice that, depending on the VBS |n
might lead to pressure loss. This can consequentially lead to the inability te build up a VBS
sure sufficient to ventilate the patient, which in further consequence might lead to seriolis
ersible injury or the death of a ventilator-dependent patient.

ation of a ventilator without an operator-detachable breathing system filter in place [is
dered reasonably foreseeable when considering those patts of the VBS that might become
hminated with body fluids or by contaminates carried“by expired gases. If a ventilator cdan
nte without the breathing system filter, then one has to assume that it has been operated
put the breathing system filter and therefore those parts of the VBS might have be¢n
hminated. Additional information is found in the:tationale for 201.11.6.6.

ased resistance and blockage of a bredthing system filter when used together with

lization[!8l or humidification is also considered as failure of an operator-detachable breathing
Im filter.

ation of a ventilator usingyan operator-detachable remote control or monitoring module [is
dered as a state of thelapt option of today. Independent of how the communication betwegn

ess) this communicdtion needs be so designed and constructed that a failure or loss of thiis

een the “ventilator module”, the remote control or monitoring module, the distributed alarin
Im or a simplé remote communicator) also needs designed as single fault safe.

132102 — Failure of one gas supply to a ventilator

This

subcClause addresses the hazardous situation created when an entire unit (e.g. the whole

critical care unit or all of the operating theatres) experiences simultaneous failure of multiple
ventilators caused by the loss of a single pressurized gas source where at least one gas source is

prov

EXAMPLE

ided by a pressurized medical gas pipeline system.

1 A ventilator is connected to both air and oxygen medical gas pipeline systems and one of the

medical gas pipeline systems fails. The ventilator then uses the other medical gas pipeline system to supply gas.

EXAMPLE

2 A blower-based ventilator is connected is to an oxygen medical gas pipeline system and that

medical gas pipeline system fails. The ventilator then uses the room air provided by its blower.

124

© IS0 2023 - All rights reserved


https://standardsiso.com/api/?name=de8f4da83c6c691a28914206628835bd

ISO 80601-2-12:2023(E)

— 201.13.2.103 — Independence of ventilation control function and related risk control
measures

This requirement prevents the use of a monitoring device to control an actuator that would lead to
an undetected malfunction of the actuator in case of monitoring failure.

— 201.13.2.104 — Failure of functional connection to a ventilator control or monitoring
means

Independent how the functional connection between the “ventilator module” and thé remote
control or monitoring module is facilitated (e.g. wired or wireless) this functional conhéction needs
to be so designed and constructed that a failure or loss of the functional connection |does not cause
an unacceptable risk to the patient.

First of all this means that the safety of the patient is not degraded by the’loss of the flinctional
connection, (i.e. the “ventilator module” continues to ventilate the patient-without any change of the
ventilation parameters, without any change of setting of safety means and without any ¢hange of
the setting of alarm limits). Further, the healthcare professional gperators in both locations where
these modules are located need to be made aware by alarm signaisabout the loss of this functional
connection (i.e. there is a need for alarm signals on both sides of the functional connectiop—at the
“ventilation module” and on any other remote control gr monitoring module or the distributed
alarm system or the simple remote alarm signal generator).

— 201.15.3.5.101.1 — Shock and vibration (robustness)

The intention of these tests is to assess mechanical stresses on the ventilator in normal us¢ and not
to assess the suitability of the design for thetexpected service life or fatigue.

ME equipment, including ventilators, inynormal use, used within a professional healthcare facility, or
home healthcare environment will b€ subjected to mechanical stresses (e.g. vibration, shjock) and
could randomly be subjected toadditional stresses. Therefore, ME equipment intended to be used in
a professional healthcare facility needs to be robust enough to withstand the vibration apd shock
testing described as levelt7M1 by IEC 60721-3-7. IEC 60721-3-7 indicates that this class applies
within, and direct transfer between, locations with only low-level vibrations, or with medjum-level
shocks. Careful handling and transfer of products is expected in these environments.

In reviewing the-random vibration tests of IEC 60068-2-64:2008+AMD1:2019, the committees
determinedsthat the environment included careful handling in vehicles (including [airborne
vehicles).<Sitice a critical care ventilator is not intended for such environments, the maximum
frequency of the acceleration amplitude was limited to 500 Hz which is more reflectiv¢ of non-
vehiele'environments.

—¢201.15.3.5.101.2 — Shock and vibration for a transit-operable ventilator| during
operation

Transit-operable ventilators (those intended to operate while the patient is being transported
within a healthcare facility) are expected to maintain basic safety and essential performance while
they are being moved. Some degradation is permitted, but the patient is expected to continue to be
adequately and safely ventilated. Rationale for 202.8.1.101 contains additional information
regarding appropriate acceptance criteria for essential performance.
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— 201.16.2.101 — Additional general requirements for accompanying documents of an
ME system

Many respiratory gas humidifiers control their humidification output by servo controlling the
temperature of a water bath to achieve a set gas temperature at the humidifier chamber outlet. This
temperature is frequently defined to be a function of gas flowrate as measured by the humidifier,
and is defined to target a desirable absolute humidity - the rate of evaporation of water and the
rate of heat transfer from the water to the air are closely correlated. This works provided the input
gas temperature is below a threshold. For example, for one leading manufacturer of humidifiers, the
watdr vapour output starts to reduce when the input gas temperature exceeds 27 °C.

A veptilator that incorporates a blower to provide a source of breathing air drawn from>an air
intalfe inevitably increases the temperature of the air above the intake temperature. The extent pf
this rise in temperature will depend on the set FiO, (and hence the proportion of the,breathing gas
that |has been compressed), the blower outlet pressure (which can significantly exceed the
ventilator gas output port pressure), the ventilator set rate, BAP, and set A inspiratory pressure or
tidallvolume, and the efficiency of the blower technology used.

This|has been confirmed in published bench study!63l. This study confinted that with unfavourable
conditions, specifically humidifier chamber inlet gas temperatures above 37 °C, humidifier outppit
could fall well below recommended minimum levels of 20 mgH»Q/1.

For @ ventilator capable of generating an elevated gas temperature at the gas output port, the
responsible organization needs to have information available to allow them to determine whether
the Humidifier is likely to remain effective.

— 201}101.1 — Protection against reverse gas:leakage

These conditions are necessary to maintain-patient safety by protecting the medical gas pipeline
systgm from contamination via reverse flow.

The pasic requirements of this subclause were introduced into standards more than a decade ago

because of the harm due to reverse gas leakage that was known to have occurred in connectign
with|medical devices that use multiple gas sources.

With devices fitted with multiple gas intake ports for the same gas, the hazardous situation resulfs
from| the undetected losS’of backup gas supplies due to back leakage into the primary supply. With
gas Intake ports fordifferent gases, the hazard is contamination of one gas source by gas from
another source. The'contamination hazard is particularly likely to occur while the medical devicelis
left in a conditieh where it is connected to the gas supplies but is not drawing flow from the gas
supply systehi:

Ventjlators are frequently equipped with multiple gas intake ports either to achieve a greater flo
or td toeat-bad 1 brdter— et o o |

supply. With such systems the backup supply could be depleted prematurely during use or, when
connected but not in use, could deplete without detection and not be available when required in an
emergency.

With a ventilator equipped with more than one different gas intake port, even very small leakages
from one of the gas systems to the other can cause considerable contamination in a medical gas
pipeline system over extended periods during which little flow is withdrawn.

More than 10y of experience has demonstrated that these requirements are effective risk control
measures.
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