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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.

ISO and IEC technical committees collaborate in fields of mutual interest. Other international
organizaftor MIMental and nor FMental, im Haisor T iSO =ar R IRe partim the
work.

The progedures used to develop this document and those intended for its further maintenance are
describedl in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for t

different
editorial
www.iec

e
types of document should be noted. This document was drafted in accordance with ttﬁe
rules of the ISO/IEC Directives, Part2 (see www.iso.0rg/directives br

Attention is drawn to the possibility that some of the elements of this document may be the subject pf

patent ri

Details of any patent rights identified during the development of (the document will be in tEe

Introduc
IEClisto

Any trad

constitute an endorsement.

For an gxplanation of the voluntary nature of standards, the meaning of ISO specific terms and

expressi

World Trade Organization (WTO) principleés”in the Technical Barriers to Trade (TBT) sg¢e

WWW.iSO

ch/members experts/refdocs).

phts. ISO and IEC shall not be held responsible for identifyingcany or all such patent rights.

fion and/or on the ISO list of patent declarations received-(see www.iso.org/patents) or t
[ patent declarations received (see https://patents.iec.ch.

e

e name used in this document is information given for the convenience of users and does npt

ns related to conformity assessment, as~well as information about ISO's adherence to the

This doc

equipment, Subcommittee SC 3, Respiratory devices and related equipment used for patient care, ajd

Technic
Particul

Standardjization (CEN) Technical Committee CEN/TC 215, Respiratory and anaesthetic equipment, |n
accordarfce with the Agreement on technical cooperation between ISO and CEN (Vienna Agreement).

This secpnd editiofi~cancels and replaces the first edition (ISO 80601-2-84:2020), which has beg¢n
technicallly revised,/ The main changes are as follows:

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

org/iso/foreword.html. In the IEC, see www.iec.ch/understanding-standards.

iment was prepared jointly by Technical Committee ISO/TC 121, Anaesthetic and respiratoly

Committee IEC/TC 62; Medical equipment, software, and systems, Subcommittee SC 62D,
medical equipmentseftware, and systems, in collaboration with the European Committee fpr

IEC 6D601-1-6:2010+AMD1:2013+AMD2:2020, IEC 60601-1-8:2006+AMD1:2012+AMD2:2020, and

IEC6

0601-1-12:2014+AMD1:2020;

— added requirements for a responsible organization log

— 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;

— added requirements for ventilator system recovery;

— added requirements and definitions for cybersecurity; and

vi
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— harmonization with ISO 20417, where appropriate.

A list of all parts in the ISO 80601 series and the 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 five numbered divisions within the table of contents, inclusive of all
subdivisions (e.g. Clause 201 includes subclauses 201.7, 201.8, etc.);

— “subclause” means

subcl

a
ancac of Clacn 201
ZIT

Referenc
number.

In this d
combina

In this dd
— “shal

— “shou

«

— “may

n n

— "can
— "mus
Annex C

Annex D

Requiren
delineats

o
oo T o oT Graoa st

numbered subdivision of a clause (e.g. 201.7, 201.8 and 201.9 are all
A
J

es to clauses within this document are preceded by the term “Clause” followed by the clause
References to subclauses within this particular document are by number only.

ocument, the conjunctive “or” is used as an “inclusive or” so a statementcis’ true if any
ion of the conditions is true.

cument, the following verbal forms are used:

” indicates a requirement;

1d” indicates a recommendation;

" indicates a permission;

is used to describe a possibility or capability; and

" is used to indicate an external constraint.

contains a guide to the marking and labellingequirements in this document.
contains a summary of the symbols referenced in this document.

nents in this document have /béen decomposed so that each requirement is uniquely
d. This is done to support automated requirements tracking.

viii
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Medical electrical equipment —

Part 2-84:

Particular requirements for the basic safety and essential
performance of ventilators for the emergency medical
services environment

201.1 Scope, object and related standards
IHC 60601-1:2005+AMD1:2012+AMD2:2020, Clause 1 applies, except as follows:

2p1.1.1 Scope

Replacement:

NPTE 1 There is guidance or rationale for this subclause contained in ClauseAA.2.

This document applies to the basic safety and essential performance of an EMS ventilator in conmibination
wlith its accessories, hereafter also referred to as ME equipment;

— intended for patients who need differing levels of stipport from artificial ventilation Including
ventilator-dependent patients;

— intended to be operated by a healthcare professional operator;
—t intended for use in the EMS environment;xand
—t intended for invasive or non-invasive ventilation.

NPTE 2 An EMS ventilator can also beused for transport within a professional healthcare facility.

An EMS ventilator is not ¢onsidered 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 alse”applicable to those accessories intended by their manufacturer to be conhected to
tHe ventilator breathing system, or to an EMS ventilator, where the characteristics of those agcessories
c3n affect the basic safety or essential performance of the EMS ventilator.

NPTE 3 If\a/clause or subclause is specifically intended to be applicable to ME equipment only, or to ME systems
oqu, the,title and content of that clause or subclause will say so. If that is not the case, the clause or [subclause

appliessboth 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 4 Additional information can be found in IEC 60601-1:2005+AMD1:2012+AMD2:2020, 4.2.

This document does not specify the requirements for the following:

NOTE5 SeeISO/TR 21954 for guidance on the selection of the appropriate ventilator for a given patient.

— ventilators or accessories intended for ventilator-dependent patients in critical care applications,
which are given in ISO 80601-2-12.

© 1S0 2023 - All rights reserved 1
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— ventilators or accessories intended for ventilator-dependent patients in the home healthcare
environment, which are given in ISO 80601-2-72.

— ventilators or accessories intended for anaesthetic applications, which are given in ISO 80601-2-13.
— ventilators or accessories intended for ventilatory support equipment (intended only to augment

the ventilation of spontaneously breathing patients), which are given in ISO 80601-2-79 and
ISO 80601-2-80.

— obstfuctive sleep apnoea therapy ME equipment, which are given in [SO 80601-2-70.
— userjpowered resuscitators, which are given in ISO 10651-4.

— gas-powered emergency resuscitators, which are given in ISO 10651-5.

— continuous positive airway pressure (CPAP) ME equipment.

— highifrequency jet ventilators (HF]Vs), which are given in ISO 80601-2-87,

— highifrequency oscillatory ventilators (HFOVs)[44, which are given in {SO 80601-2-87.

NOTH 6 An EMS ventilator can incorporate high-frequency jet or/high-frequency oscillatory ventilatiop-
modep.

— resplratory high-flow therapy equipment, which are given'in ISO 80601-2-90.

NOTH 7 An EMS ventilator can incorporate high-flow therapy operational mode, but such a mode is only fpr
sponffaneously breathing patients.

— oxygen therapy constant flow ME equipment.
— cuirdss or “iron-lung” ventilators.

201.1.2 Object

Replacement:

The object of this particular document is to establish basic safety and essential performange
requirenjents for an EMSveéntilator, as defined in 201.3.228, and its accessories.

Accessories are ineluded because the combination of the EMS ventilator and the accessories needs fo
have acgeptablexrisk. Accessories can have a significant impact on the basic safety or essential
performanceof’an EMS ventilator.

NOTE1 AMESPI | waaent—hac hanan oo d 0 S ddvncc tbha palacant accay +ial pyipoinlacl38] o d 1.1
THS— OO Cum CTt—Tad SO CCT——priparCO—to—atartss—tnC—Ttrevant o5ttt THICTPICS artG—Tao

guidances of the International Medical Devices Regulators Forum (IMDRF) as indicated in Annex CC.

[B9]

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

NOTE 3 This document has been prepared to address the relevant general safety and performance requirements
of European regulation (EU) 2017 /745401,

201.1.3 Collateral standards
Amendment (add at the end of the subclause):

2 © 1S0 2023 - All rights reserved
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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.

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

IEC 60601-1-2:2014+AMD1:2020, IEC 60601-1-6:2010+AMD1:2013+AMD2:2020,
IEC 60601-1-8:2016+AMD1:2012+AMD2:2020 and IEC 60601-1-12:2014+AMD1:2020 apply as
modified in Clauses 202, 206, 208 and 212 respectively.

IEC60601-1-3, [EC 60601-1-9 and [EC 60601-1-11 do not apply
All other published collateral standards in the IEC 60601-1 series apply as published.

2D1.1.4 Particular standards

Replacement:

If] the IEC 60601 series, particular standards may modify, replace or delet€requirements contained in
the general standard, including the collateral standards, as appropriate forthe particular ME eqquipment
under consideration, and may add other basic safety or essential performance requirements.

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

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

The numbering of clauses and subclauses of this~particular document corresponds to those of the
géneral standard with the prefix “201” (e.g. 201.1 in this document addresses the content of Clause 1 of
the general standard) or applicable collateralStandard with the prefix “2xx” where xx is the fipal digits
of the collateral standard document number (e.g. 202.4 in this document addresses the cpntent of
Clause 4 of the IEC 60601-1-2 collateralvstandard, 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
arfe specified by the use of the following words:

“Replacement” means that the\clause or subclause of IEC 60601-1:2005+AMD1:2012+AMDZ:2020 or
the applicable collateral standard is replaced completely by the text of this particular document.

“Addition” means (that the text of this document is additional to the requirements of
IHC 60601-1:2005%AMD1:2012+AMD2:2020 or the applicable collateral standard.

“Amendment™ureans that the clause or subclause of IEC 60601-1:2005+AMD1:2012+AMD2:2020 or the
applicableccollateral standard is amended as indicated by the text of this document.

Stibclauses, figures or tables that are additional to those of the general standard are numbered starting
frpm201.101. However, due to the fact that definitions in the general standard are numbered 3.1
through 3715%, additional definitions in this document are numbered beginning from 201.3.201.
Additional annexes are lettered AA, BB, etc., and additional items aa), bb), etc.

Subclauses or figures that are additional to those of a collateral standard are numbered starting from
20x, where “x” is the number of the collateral standard (e.g. 202 for IEC 60601-1-2, 208 for IEC 60601-
1-8, etc.).

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

Where there is no corresponding clause or subclause in this document, the clause or subclause of
[EC 60601-1:2005+AMD1:2012+AMD2:2020 or the applicable collateral standard, although possibly
not relevant, applies without modification; where it is intended that any part of
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IEC 6060
relevant,

201.2

1-1:2005+AMD1:2012+AMD2:2020 or the applicable collateral standard, although possibly
is not to be applied, a statement to that effect is given in this particular document.

Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies. For
undated references, the latest edition of the referenced document (including any amendments) applies.

[SO 32:1

[SO 3744
using soy

[SO 4871
equipmel

ISO 5356
sockets

ISO 5359
use with

ISO 5367

ISO 7396
medical g

IS0 9360
humidify

1SO 9360
humidify

minimum

[SO 1052
pressure

ISO 1052
integrate

ISO 1493
sterilizing
devices

ISO 1764

77 Gas culinders for moedical co Markina foridentification-ofcontent
- ES-GHRE eSO ReaHEaHSE RGO eREHECAHOR-0-CORTERT

:2010, Acoustics — Determination of sound power levels and sound energy levels of noise squrces
nd pressure — Engineering methods for an essentially free field over a reflecting plane.

1996, Acoustics — Declaration and verification of noise emission values of machinery and
t

-1:2015, Anaesthetic and respiratory equipment — Conical connectors'—~Part1: Cones and

:2014+AMD1:2017, Anaesthetic and respiratory equipment — Low~pressure hose assemblies fpr
medical gases

:2014, Anaesthetic and respiratory equipment — Breathing Sets and connectors

-1:2016+AMD1:2017, Medical gas pipeline systems <~)Part 1: Pipeline systems for compress¢d
ases and vacuum

-1:2000, Anaesthetic and respiratory equipmént — Heat and moisture exchangers (HMEs) fpr
ng respired gases in humans — Part 1: HMESfor use with minimum tidal volumes of 250 ml

-2:2001, Anaesthetic and respiratory equipment — Heat and moisture exchangers (HMEs) fpr
ng respired gases in humans — Part 2: HMEs for use with tracheostomized patients having
tidal volumes of 250 ml

4-1:2018, Pressure regulators for use with medical gases — Part 1: Pressure regulators and
regulators with flow-metering devices

4-3:2019, Pressure-regulators for use with medical gases — Part 3: Pressure regulatofs
d with cylinder valves (VIPRS)

7:2009, Sterilization of health care products — General requirements for characterization of|a
) agent and'the development, validation and routine control of a sterilization process for medical

4-1:2021, Processing of health care products — Information to be provided by the medical devite

manufacturer for the processing of medical devices — Part 1: Critical and semi-critical medical devices

ISO 17664-2:2021, Processing of health care products — Information to be provided by the medical device
manufacturer for the processing of medical devices — Part 2: Non-critical medical devices

ISO 18562-1:2023, Biocompatibility evaluation of breathing gas pathways in healthcare applications —
Part 1: Evaluation and testing within a risk management process

ISO 1905
ISO 1922
ISO 2041

4:2005+AMD1:2016, Rail systems for supporting medical equipment
3:2019, Lung ventilators and related equipment — Vocabulary and semantics

7:2021, Medical devices — Information to be supplied by the manufacturer
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IS0 23328-1:2003, Breathing system filters for anaesthetic and respiratory use: — Part1: Salt test
method to assess filtration performance

ISO 23328-2:2002, Breathing system filters for anaesthetic and respiratory use: — Part 2: Non-filtration
aspects

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

ISO 80601-2-74:2021, Medical electrical equipment — Part 2-74: Particular requirements for the basic
sdfety and essential performance of respiratory humidifying equipment

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

IHC 60601-1-12:2014+AMD1:2020, Medical Electrical Equipment — Part 1-12: Genéral requirements for
basic safety and essential performance — Collateral Standard: Requirements for medical felectrical
equipment and medical electrical systems used in the emergency medical services environment

IHC 61672-1:2013, Electroacoustics — Sound level meters — Part 1: Specifications

IHC 62366-1:2015+AMD1:2020, Medical devices — Part 1: Application of usability engineering tp medical
devices

IHC 62570:2014, Standard practice for marking medical devices and other items for safety in the jnagnetic
rdsonance environment

IHC Guide 115:2021, Application of uncertainty of-measurement to conformance assessment activities in
tHe electrotechnical sector

201.3 Terms and definitions

For the purposes of this.‘{o'document, the terms and definitions giyen in
IHC 60601-1:2005+AMD1:2012+AMD?2:2020, and the following apply.

[0 and IEC maintain terminology databases for use in standardization at the following addresges:

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

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

201.3.201

a¢companying information
informatioh accompanying or marked on a medical device or accessory for the user or those acqountable
fdr the installation, use, processing, maintenance, decommissioning and disposal of the medidal device
or decessory, particularly regarding safe use

Note 1 to entry: The accompanying information shall be regarded as part of the medical device or accessory.

Note 2 to entry: The accompanying information can consist of the label, marking, instructions for use, technical
description, installation manual, quick reference guide, etc.

Note 3 to entry: Accompanying information is not necessarily a written or printed document but could involve
auditory, visual, or tactile materials and multiple media types (e.g., CD/DVD-ROM, USB stick, website).

[SOURCE: ISO 20417:2021, 3.2, modified — deleted note 4.]
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201.3.202

acknowl

edged

state of an alarm system initiated by operator action, where the auditory alarm signal associated with a
currently active alarm condition is inactivated until the alarm condition no longer exists or until a
predetermined time interval has elapsed

Note 1 to 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]

201.3.2(
airway p
Paw

pressure
connectid

Note 1 to

equipment.

[SOURCE

201.3.2(
alarm cd

3
ressure

at the patient-connection port or at the distal outlet of the equipment where there is1o patien
n port

entry: The airway pressure can be derived from pressure measurements madeanywhere within t

: 1SO 4135:2022, 3.1.4.41.1]

4
ndition delay

e

pr
m

m

m

time from the occurrence of a triggering event either in the patient;.for physiological alarm conditions,
in the equipment, for technical alarm conditions, to when the @larm system determines that an alan
conditior] exists

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

201.3.205

alarm lirit

threshold used by an alarm system to determine an alarm condition

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

201.3.206

alarm offf

state of indefinite duration in- which an alarm system or part of an alarm system does not generate alan
signals

[SOURCH: IEC 60601%1-8:2006+AMD1:2012+AMD2:2020, 3.4]

201.3.2Q7

alarm pqused

state of limited duration in which the alarm system or part of the alarm system does not generate alan
signals

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

201.3.208

alarm settings

alarm system configuration, including but not limited to:

- alarm limits;

- the characteristics of any alarm signal inactivation states; and

- the values 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.

© IS0 2023 - All rights reserved


https://standardsiso.com/api/?name=b5c02dbaeb0a44da43898cae71416960

ISO 80601-2-84:2

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

201.3.209

artificial ventilation

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

023(E)

external

EXAMPLE Means used to provide artificial ventilation are: manual resuscitation; mouth-to-mouth

resuscitation; automatic ventilation; mechanical ventilation.

h¢me-care; anaesthesia; critical care; rehabilitation.

Npte 2 to entry: Classifications used to denote means used for artificial ventilation includey positive
négative-pressure; gas-powered; operator-powered; electrically-powered.

lowering the pressure in the lungs.

[SJOURCE: IS0 19223:2019, 3.1.10]

201.3.210

assured inflation-type rate
nyumber of assured inflation-type initiations in a specified period of time, expressed as brg
ninute

JOURCE: IS0 19223:2019, 3.5.2.1, modified — deléted notes.]

—

201.3.211
attack

of an asset
[JOURCE: IEC 81001-5-1:2021, 3.5]

D1.3.212

2

audio off

s%te of indefinite duration in which the alarm system or part of the alarm system does not gef
ditory alarm signdl

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

201.3.213
audie paused

Npte 1 to entry: Common classifications of areas of application of artificial ventilation are: emergency; fransport;

pressure,

Note 3 to entry: Negative-pressure ventilation elevates the relative pressure in (the’ airway by intefmittently

aths per

afitempt to destroy, expose, alter, disable, steal or gain unauthorized access to or make unauthofrized use

herate an

stiateyof limited duration in which the alarm system or part of the alarm system does not generate an

auditory alarm signal
[SOURCE: IEC 60601-1-8:2006+AMD1:2012+AMD2:2020, 3.13]

201.3.214
BAP

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

[SOURCE: IS0 19223:2019, 3.10.2, modified — deleted notes.]
201.3.215

biocompatibility
ability to be in contact with a living system without producing an unacceptable adverse effect
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Note 1 to entry: A medical device 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.

[SOURCE: ISO 18562-1:2023, 3.6]

201.3.216

body temperature and pressure saturated

BTPS

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

[SOURCH: ISO 4135:2022, 3.1.1.7]

201.3.217

breathing system
pathway$ through which gas flows to or from the patient at respiratory pressures and ¢ontinuously ¢r
intermittently in fluid communication with the patient’s respiratory tract during any form of artificial
ventilatign or respiratory therapy

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

201.3.218

breathirng system filter
BSF
device intended to reduce transmission of particulates, including microorganisms, in breathing systems

[SOURCE: ISO 23328-2:2002, 3.2]

201.3.219
cleaning
removal pf contaminants to the extent necessary for‘further processing or for intended use

Note 1 to pntry: Cleaning consists of the removal-of adherent soil (e.g. blood, protein substances, and othpr
debris) frpm the surfaces, crevices, serrations;joints, and lumens of a medical device by a manual or automated
process that prepares the items for safe handling or further processing.

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

201.3.220

commuilicator
COM
function pf the alarmsystem that generates alarm signals to notify an operator (e.g. to the presence of 3n
alarm condition)

Note 1 to pntry:\A communicator can receive an operator response.

Note 2 to entry: An operator response 1s not limited to direct operator action.

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

201.3.221
connector
fitting to join two or more components

EXAMPLE  Connectors for a 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: 1SO 4135:2022, 3.1.4.5]
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201.3.222

CPAP

continuous positive airway pressure

ventilation-mode or sleep-apnoea breathing-therapy mode in which the patient breathes continuously
at a set airway-pressure level, above ambient pressure

[SOURCE: ISO 19223:2019, 3.11.15, modified — deleted notes.]

201.3.223

cvbersecuri I'y

stiate where information and systems are protected from unauthorized activities, such as.dcgess, use,
disclosure, disruption, modification, or destruction to a degree that the related risks. to,'viglation of
confidentiality, integrity, and availability are maintained at an acceptable level throughout the life cycle

[JOURCE: IEC 81001-5-1:2021, 3.30]

201.3.224

Alinspiratory pressure

differential airway pressure relative to baseline airway pressure duringzan inflation phase
N

bte 1 to entry: In addition to its direct reference, this term or an apprepriate symbol may be used, in fontext or
by qualification, to designate this concept as a set quantity or a measured’quantity.

Npte 2 to entry: There is currently no agreed convention as to‘whether an inspiratory pressure is always to be
ejpressed as an absolute quantity relative to ambient pressure.or an absolute quantity for one group of inflation-
tpes and relative for another. This has unacceptable patient-safety implications that need to be addrgssed in a
vadcabulary of lung ventilation. The symbol, A, is currently sometimes used as a prefix to make this distinction, and
that convention has been adopted as a requiremenfiin this document. Without a prefix, or any other indication,
regspiratory pressures are always to be considered\to be relative to ambient pressure. The addition of a 4 prefix, is
uged to indicates a pressure that is relative €0 the set BAP level. In ventilation-modes where there is|a second,
higher, baseline airway pressure, then the‘prefix for a pressure relative to that higher-pressure level begomes AH.
These prefixes are applicable to relevantterms, symbols and displayed values but not to inflation-types.

Npte 3 to entry: The sum of the«set BAP level and the 4 inspiratory pressure equals the inspiratory pregsure. This
applies to both settings and measurements of this parameter.

[JOURCE: ISO 19223:20619, 3.6.7, modified — deleted note 4.]

201.3.225

disinfection
process todnactivate viable microorganisms to a level previously specified as being appropriate for a
dé¢fined purpose

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

201.3.226

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.

Note 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 next element
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or appropriate technical alarm conditions are created as described in
IEC 60601-1-8:2006+AMD1:2012+AMD2:2020, 6.11.2.2.1.

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

201.3.227

EMS environment

emergency medical services environment
actual conditions and settings, in which operators interact with the ME equipment or ME system, in and
around tlrestene of amremergency vutside of a professionul freattiicare facitity wherea puatiernt cam e
given medical care, basic or advanced life support as well as during professional transportyto|a
professiophal healthcare facility or between professional healthcare facilities

EXAMPLH1 Responding to and providing life support at the scene of an emergency to a patient-reported ps
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.

EXAMPLH 2 Providing monitoring, treatment or diagnosis during transport between\professional healthcaye
facilities.

Note 1 to pntry: For the purposes of this standard, use of equipment intendéd for the EMS environment and
temporar]ly used in the home healthcare environment by emergency medical personnel is considered use in the
EMS envirpnment.

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

Note 3 to pntry: Professional healthcare facilities include hospitals, physician offices, freestanding surgical centre
dental offfces, freestanding birthing centres, limited carefacilities, first aid rooms or rescue rooms and multigle
treatment] facilities.

»

Note 4 to pntry: Emergency medical services aré.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]

201.3.228

EMS ventilator

ventilatof for emergeney medical services environment
ventilatof intended-for use in the EMS environment

201.3.229
end-expjratory flow

: £ FRR | IR IS LR £ [ BN : : 4
eXplrat01y HHOW dU UIT DUHILU O HIUdUUIT O dIN T T LIiorn O dil IS PITdUUIT

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

201.3.230

essential function

function or capability that is required to maintain basic safety, essential performance, a minimum of
clinical functionality as specified by the manufacturer, and operational availability for the medical
device

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

Note 2 to entry: 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]

201.3.231

esserntial primciptes

essential principles of safety and performance
fundamental high-level requirements that when complied with ensure a medical deyice is |safe and
performs as intended

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

201.3.232

exhaust port

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

[SOURCE: ISO 19223:2019, 3.14.2]

201.3.233
expiratory pause
portion of the expiratory phase from the end of expiratory flow to the start of inspiratory flow

[JOURCE: ISO 19223:2019, 3.4.4, modified — deleted notes.]

201.3.234
expiratory phase
interval from the start of expiratory flow to the start of inspiratory flow within a respiratory cyqle

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

201.3.235

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

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

—

SOURGCE: IEC 60601-1-8:2006+AMD1:2012+AMD2:2020, 3.21]

2 N1 1D~
UTL.J.4J90

firecall
method established to provide emergency access to a secure medical device

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

Note 2 to entry: Also referred to as "break glass" feature.

[SOURCE: IEC/TR 60601-4-5:2021, 3.11]
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201.3.237

flow-direction-sensitive component

component or accessory through which gas flow has to be in one direction only for proper functioning
or patient safety

[SOURCE: 1SO 4135:2022, 3.1.4.15]

201.3.238

fresh gas
respirab]n gas delivered to a ventilator hranf‘hing C}I(‘f‘ﬂm

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

201.3.239
gas intake port
port thragugh 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 gpas
is provided by a medical gas supply system.

[SOURCH: ISO 4135:2022, 3.1.4.21]

201.3.240

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

[SOURCH: ISO 19223:2019, 3.14.3]

201.3.241

gas pathway
interior gurfaces, over which gases or liquids:that can be inspired, in a medical device bounded by the
ports thrpugh which gases or liquids enterand leave the medical device including the patient interface
or the inflerior surfaces of enclosures that are in contact with gases or liquids that can be inspired

Note 1 to pntry: Patient contact surfaces)such as the outer surfaces of a tracheal tube or the cushion of a 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’elamber 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 mouthpieces.

[SOURCE: }SO~18562-1:2023, 3.11

201.3.242

gas return port

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

[SOURCE: IS0 19223:2019, 3.14.4]

201.3.243

healthcare professional

<adj> appropriately trained, knowledgeable, and skilled, providing systematic preventive, curative,
promotional or rehabilitative healthcare services
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[SOURCE: ISO 80601-2-12:2023, 201.3.247]

201.3.244

heat and moisture exchanger
HME

device intended to retain a portion of the patient's expired moisture and heat, and return it to the
respiratory tract during inspiration

[SOURCE: IS0 9360-1:2000, 3.1]
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D1.3.245
lgh-pressure inlet
let to which gas is supplied at a pressure exceeding 100 kPa above ambient

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

OURCE: ISO 4135:2022, 3.1.4.24]

D1.3.246

bme healthcare environment
welling place in which a patient lives or other places where{patients are present, excluding pr
althcare facility environments where operators with medical training are continually availa
itients are present

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

bte 1 to entry: Professional healthcare facilities inelude hospitals, physician offices, freestanding surgic
ntal offices, freestanding birthing centres, limited care facilities, first aid rooms or rescue rooms
ratment facilities and emergency medical services.

bte 2 to entry: For the purpose of(this collateral standard, nursing homes are considered home
vironments.

bte 3 to entry: Other places where a patient is present include the outdoor environment, while work
hicles.

OURCE: IEC 60602-1-11:2015+AMD1:2020, 3.1]

D1.3.247
himidifier
bvice that adds water in the form of droplets or vapour, or both, to the inspired gas

including
manifold

fessional
ble when

h] centres,
multiple

healthcare

ng and in

heat and

bte1 to entry: This term includes vaporising, bubble-through and ultrasonic humidifiers and active

m

oisture exchangers.

[SOURCE: 1SO 4135:2022, 3.7.2.1]

201.3.248
I:E ratio
ratio of the inspiratory time to the expiratory time in a respiratory cycle

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

©

ISO 2023 - All rights reserved

13


https://standardsiso.com/api/?name=b5c02dbaeb0a44da43898cae71416960

I1SO 80601-2-84:2023(E)

201.3.249

immunity

ability of ME equipment or an ME system to perform without degradation in the presence of an
electromagnetic disturbance

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

201.3.250
inflation

ventilator-action-intended-to-increase-the volume of gas inthe hlngc ]’\y the :\pp]irnfinn of an elevated-

pressurelwaveform to the patient-connection port until a specified termination criterion is met
[SOURCH: IS0 19223:2019, 3.3.1, modified — deleted notes.]

201.3.2531

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

[SOURCH: ISO 19223:2019, 3.4.10, modified — deleted notes.]

201.3.2532
inflation-type
inflation fharacterized by its temporal delivery pattern following initiation, and its termination criterig

[SOURCH: IS0 19223:2019, 3.3.2, modified — deleted notes.]

201.3.233

information supplied by the manufacturer
informatjon related to the identification and use -0f*a medical device or accessory, in whatever form
provided, intended to ensure the safe and effectivie use of the medical device or accessory

Note 1 to|entry: For the purposes of this docunteht, e-documentation is included in information supplied by the
manufactyrer.

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

Note 3 to pntry: The primarypurpose of information supplied by the manufacturer is to identify the medical devire
and its mqnufacturer, and provide essential information about its safety, performance, and appropriate use to the
user or other relevant persons.

[SOURCH: 1S©,20417:2021, 3.10, modified — deleted note 4.]

201.3.254
inlet
opening through which gas or other material is pushed by an elevated upstream pressure

[SOURCE: ISO 4135:2022, 3.1.4.26, modified — deleted note.]

201.3.255
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.]
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201.3.256

inspiratory time

t

duration of an inflation phase or inspiratory phase

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

201.3.257
inspiratory volume
Vinsp

Vilume of gas delivered through the patient-connection port during an inspiratory phase oy| inflation
phase

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

201.3.258
instructions for use
IHU

portion of the accompanying information that is essential for the safezand effective use of 4 medical
device 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 [user with
rdlevant specialized training.

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

Npte 3 to entry: For the purposes of this documentyinformation indicated 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
atle exempted from having instructions for use by some authorities having jurisdiction.

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

201.3.259

intelligent alarm system
alarm systepd~that makes logical decisions based on monitored information without |operator
intervention

EXAMPLE 1 An alarm 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
priority has recently generated an alarm signal.

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

201.3.260

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]
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201.3.261

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

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

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

[SOURCH1SO0%135:2022,3:2:31}

201.3.292

lung
each of t

and the V¥isceral pleura, which during ventilation provide gas/blood interfaces that enable-oxygen fro

the gast

d pass into the blood and carbon dioxide to be removed

[SOURCH: IS0 19223:2019, 3.1.16, modified — deleted notes.]

201.3.243

marking
informat

device o1f accessory

Note 1 to

Note 2 tg entry: For the purposes of this document, marking.is different from ‘direct marking’ as commonly

described|

marking.

entry: For the purposes of this document, the term marked, is\used to designate the corresponding act.

in unique device identification (UDI) standards.and regulations. A UDI ‘direct marking’ is a type

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

201.3.244

mask

device which provides a non-invagive interface between the patient’s airway and a patient-connectign

portor o

her connection to a soutrce of respirable gas

[SOURCH: ISO 4135:2022, 38:6.4]

201.3.245

maximu
Priv,max

n limited pressure

highest dirway-pressure that can occur during normal use or under single fault condition

[SOURCH: 1SO 4135:2022, 3.1.4.41.3]

he pair of compliant organs within the ribcage (thorax), bounded by the terminal-bronchiole

on, in text or graphical format, durably affixed, printed, etched (or equivalent) to a medidal

Im

of

201.3.266

maximu
P W max

m working pressure

highest airway pressure that can be generated by the ventilator during intended use and normal
condition

[SOURCE: ISO 19223:2019, 3.13.4, modified — deleted notes.]

201.3.267

medical

gas pipeline system

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

terminal

16

units for provision of medical gases or vacuum
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[SOURCE: 1SO 4135:2022, 3.2.1.1]

201.3.268
monitoring equipment
equipment or part that measures and indicates the value of a variable to the operator

Note 1 to entry: Monitoring equipment includes devices that are not electrical in operation, such as a pressure
gauge.

Note 2 to entry: The value can be dicp]:\_\’md rnnfinn:ﬂly or infprmiffpnﬂy

Npte 3 to entry: The monitoring equipment can be primarily intended for detection of an alarm gndifion or for
ejternal communication.

[SOURCE: I1SO 4135:2022, 3.11.1.3, modified —replaced "user" with "operator".]

201.3.269

operator group
subset of operators who are differentiated from other operators by factors that are likely to jnfluence
tHeir interactions with the ME equipment

Npte 1 to entry: Attributes of operator groups can include age, culturge, expertise.

[SOURCE: IEC 60601-1-6:2010+AMD1:2013+AMD2:2020, 3.3]

201.3.270

operator interface

means by which the operator and the ME equipment interact
N

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

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

Npte 3 to entry: For the purpases of this standard, the manufacturer may treat the combination of ME ¢quipment
and other equipment as 4 single operator interface.

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

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

201.3.271
operator's position

i tarnnded naosition-ofthe onerataorwith resnecttathe alarm cianal aonaoratina nart afthe alarm stem
uuuuuu €-pPoSsiHeR-o+tthe-opergtorAth-respecstotRe-aidr-r-sighdrgeneratRg pai-ot+ne-aras SV

Note 1 to entry: A distributed alarm system can have multiple operator’s positions.

[SOURCE: IEC 60601-1-8:2006+AMD1:2012+AMD2:2020, 3.30]

201.3.272
outlet
opening through which gas leaves a device or component

[SOURCE: ISO 4135:2022, 3.1.4.40]
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201.3.273
patient-connection port
port of a breathing system intended for connection to an airway device

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.

N 3 4 Fal 4 paj et pa <l 4 H 1l AN ) 4l e -~ e - H Ph e 1 H
Ote tO Clll,ly. CUIITcTIIt pl udult Staltudrus L_ypu,au_y bl)CLlly LIIdl LIIT [JuLlCHL CurIriccLiuri IJUIL 15 lClelll eatoDen

the form qf specific standardized connectors, for example, a connector conforming to ISO 5356-1.

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

201.3.274
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.]

201.3.275

physioldgic closed-loop control system
part of ME equipment or ME system used 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]

201.3.276
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 saturatien measured by pulse oximetry.
EXAMPLH4  High arterial-pressure.

EXAMPLH5 High heartrate.

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

201.3.27%7
pressuré-control
inflation-type that acts to generate a constant inspiratory pressure at a set level, after a set rise time

[SOURCE: ISO 19223:2019, 3.3.4, modified — deleted notes.]

201.3.278
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.
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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]

201.3.279
processing
<preparation of medical device, accessory> activity to prepare a new or used medical device and
agcessory forits intended use

—

JOURCE: ISO 20417:2021, 3.20]

201.3.280
professional healthcare facility
facility that is continually staffed by suitably trained healthcare professional operators

EXAMPLE Hospitals, physician offices, freestanding surgical centres, dentaloffices, freestanding birthing
cdntres, limited care facilities, first aid rooms or rescue rooms, multiple treatment facilities and egmergency
miedical services

[JOURCE: ISO 80601-2-12:2023, 201.3.285, modified — deleted note.]

201.3.281

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

[JOURCE: ISO 80601-2-12:2023, 201.3.286]

201.3.282

respiratory cycle
cgmplete sequence of respiratopy“events that leads to an increase, followed by a correfponding
dé¢crease, of gas volume in the lungregardless of how it is generated

[JOURCE: ISO 19223:2019,34.16, modified — deleted notes.]

201.3.283

security level
level corresponding to the required set 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

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

201.3.284
s¢t rate
number of assured inflations that are set to occur in a specified period of time, expressed as breaths per
minute

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

201.3.285

single use

<medical 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.
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[SOURCE: ISO 20417:2021, 3.26]

201.3.286

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

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-softwware items A software sustem then ic caommnacad of one ogr maora coffuuagro jtome and oq ﬂh
) = crreer M TEEHo— Ot e€ tErH—erte T TH OO+t Ot t 5 oy

....................

software ifem 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.

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

201.3.287

spontangous 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.]

201.3.288

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

Note 1 to pntry: See also rationale for 201.5.101.2.

[SOURCH: ISO 4135:2022, 3.1.1.8, modified — added note.]

201.3.289
sterile
free fron] viable microorganisms

[SOURCH: ISO 20417:2021, 3.28]

201.3.290
sterilization
process used to render product free from viable microorganisms

Note 1 to fentry: Ina-sterilization process, the nature 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 never be reduced to zero.

[SOURCE: ISO 17664-1:2021, 3.17]

201.3.291

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: ISO 20417:2021, 3.29]
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201.3.292

system recovery

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

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

[SOURCE: ISO 80601-2-12:2023, 201.3.298]

201.3.293
tgchnical alarm condition
alarm condition arising from a monitored equipment-related or alarm system-related variable

EXAMPLE 1 An electrical, mechanical or other failure.

EXAMPLE 2 A failure of a sensor or component (unsafe voltage, high impedance, signal impedancg, artefact,
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]

201.3.294

t¢chnical description
portion of the accompanying information directed to thexesponsible organization and service personnel
that is essential for preparation for the first use and safe use, maintenance or repair ag well as
processing, transport or storage for the expected serviee life of a medical device

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

[SOURCE: ISO 20417:2021, 3.30, modified.>— replaced 'expected lifetime' with 'expected service life' and
de¢leted note 2.]

D1.3.295
dal volume

I
volume of gas that enters‘and leaves the lung during a breath

<N

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

201.3.296
tqtal respiratory rate
nyumber of xespiratory cycles in a specified period of time, expressed as breaths per minute

[SOURCE: ISO 19223:2019, 3.5.1.2, modified — deleted notes.]

201.3.297
use environment
actual conditions and setting in which operators interact with the equipment

Note 1 to entry: The conditions of use or attributes of the use environment can include hygienic requirements,
frequency of use, location, lighting, noise, temperature, mobility, and degree of internationalization. Social
attributes such as team versus individual, chaotic versus calm, stress level and length of shift can also play a role.

[SOURCE: IEC 62366-1:2015+AMD1:2020, 3.20, modified — replaced "users" with "operators" and
"medical device" with "equipment".]
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201.3.298

use scenario

specific sequence of tasks performed by a specific operator in a specific use environment and any
resulting response of the equipment

[SOURCE: IEC 62366-1:2015+AMD1:2020, 3.22, modified — replaced "user" with "operator" and
"medical device" with "equipment".]

201.3.299
validation

confirmalion, through the provision of objective evidence, that specified requirements have, beg¢n
fulfilled

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

Note 2 to pntry: The word “validated” is used to designate the corresponding status.
Note 3 to pntry: The use conditions for validation can be real or simulated.

[SOURCE: ISO 9000:2015, 3.8.13]

201.3.300
ventilation
cyclical movement of a respirable gas into and out of the lungs

Note 1 to pntry: This might be by external or spontaneous medns; or by a combination of both.

[SOURCE: ISO 19223:2019, 3.1.9, modified — deleted‘fote 2.]

201.3.301
ventilation-mode
specified/manner in which a ventilator petrforms its ventilatory function when connected to a patient

[SOURCH: IS0 19223:2019, 3.11.2, medified — deleted notes.]

201.3.302

ventilatgr breathing system
VBS
pathway$ through which gas flows to or from the patient at respiratory pressures, bounded by the pojrt
through Wwhich respirable gas enters, the patient-connection port and the gas exhaust port

Note 1 to pntry: These pathways typically extend within and outside the body of the ventilator, with those outsigle
being opefatot-detachable.

Note 2 to entry: The port of entry of a respirable gas into the ventilator breathing system can be inside the body of
the ventilator and should not be confused with an external connection port into which respirable gas enters before
being reduced to respirable pressures.

[SOURCE: ISO 19223:2019, 3.1.18, modified — deleted notes 3 and 4.]

201.3.303

ventilator-dependent

<patient> dependent upon artificial ventilation in order to prevent serious deterioration of health or
death
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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
unsupported respiratory effort being insufficient to sustain life.

[SOURCE: 1SO 4135:2022, 3.1.5.19]

201.3.304

volume-control

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

[SJOURCE: 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 fellows:

01.4.3 Essential performance
{dition:

01.4.3.101 Additional requirements for essential performance

Z N >N

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

Aflditional essential performance requirements arefound in the subclauses listed in Table 201.101.

Table 201.101 — Distributed-essential performance requirements

Requirement Subclause

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

or generation of an alafm\condition

expired volume, if equipped 201.12.4.103
gas supply failure 201.13.102
highwairway pressure 201.12.4.105
internal electrical power source depleted 212.8.2
inspiratory oxygen concentration, if equipped 201.12.4.101
system recovery 201.4.3.102

Subclauses 202.4.3.1 and 202.8.1.101 indicates methods of evaluating delivery of ventilation as
acceptance criteria fottowingspecific tests Tequired-by thisdocumernt:

201.4.3.102 System recovery

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

a) Following a malfunction, the EMS ventilator shall attempt to perform a system recovery to restore
essential performance of the EMS ventilator.

NOTE 2 An EMS ventilator or a subassembly function can become disturbed by a malfunction that could
jeopardize the essential performance of the EMS ventilator. Without system recovery, the patient would have to
be disconnected and connected to an alternative means of ventilation. Ventilation would thus be interrupted
until an alternative means of ventilation is connected. System recovery, as specified in this subclause, attempts
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b)

d)

g)

to automatically re-establish ventilation in a shorter period. If necessary, the EMS ventilator can be replaced
later when it is less consequential for the patient’s therapy.

Syste

m recovery may result in the temporary:

1) cessation in the ventilation of the patient; or

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

E
Duri
1) th

2) t
Cq

]

Duri
with

1) T
p

2) A

Follg
oper
befo
1) If

Sy
2) T

The

avoidl an unacceptable risk to the patient.

The

an auditory alarm signal.

change in settings.

KAMPLE  The temporary blanking of the display.
hg a system recovery with a cessation of ventilation:
e EMS ventilator shall allow spontaneous patient breathing in accordance with 201.103; and

e EMS ventilator shall be equipped with an alarm system to indicate system recovery with
ssation of ventilation.

) The system recovery with a cessation of ventilation alarm condition shall be high priority.

g a system recovery without a cessation of ventilation, the EMS ventilator shall be equippé
an alarm system to indicate system recovery without a cessation of ventilation.

he system recovery without a cessation of ventilation~alarm condition shall be at least Io
iority.

low priority system recovery without a cessation of ventilation alarm condition need not hay

wing a system recovery without operator intervention, the EMS ventilator shall attempt
hte with the same system configuration settings, ventilation settings and alarm settings
e the system recovery.

stem recovery, the EMS ventilator shall be equipped with an alarm system to indicate a

he change in settings alarm condition shall be at least medium priority.

Juration ofia-system recovery with a cessation of ventilation should be as short as practicable

maximum duration of a system recovery of ventilation shall be disclosed in the instructions fi

the system configuration settings, ventilation settings or alarm settings are different after t:l:e

a

d

w

ye

[0
NS

y

[o

pr

use.

Check conformity by inspection of the instructions for use and functional testing.

201.4.4

Amendment (add as a second paragraph):

Additional requirements for expected service life

The manufacturer shall:

a)

24

state the probability of component failure that results in the EMS ventilator needing to be taken out
of service during the expected service life, assuming that the preventative inspection, preventive
maintenance and calibration are performed according to the accompanying documents; and
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b) summarize the methodology used to determine this probability.
Replacement (replace the compliance check):
Conformity is checked by inspection of the design documentation and the risk management file.

201.4.5 Alternative risk control measures or test methods for ME equipment or
ME system

Amendment (add prior to the compliance check):

Suibsequent revisions of dated references (new editions or amendments) may be used in substjtution of
afreferenced document provided the manufacturer can demonstrate the hazard or hazardous|situation
adldressed in the dated normative reference is adequately resolved in the subsequent fevision.

2p1.4.6 ME equipment or ME system parts that contact the patient

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

Amendment (add at end of subclause):

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

Adldition:

2p1.4.11.101 Additional requirements for‘pressurized gas input

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

201.4.11.101.1 Overpressure requirement
a] An EMS ventilator shall:

1) operate and meet the requirements of this document throughout its rated range|of input
pressure; and

2) not cause an unacceptable risk under the single fault condition of an input pressure of 1 P00 kPa.

b) An EMS ventilator;with a maximum rated input pressure in excess of 600 kPa shall not|cause an
unacceptable Fisk under the single fault condition of twice the maximum rated input pressufe.

NOTE 1 . Internal pressure regulators can be required to accommodate the single fault condition of
maximum'input pressure as well as the rated range of input pressure.

NOTE 2 Under the single fault condition of overpressure, it is desirable for gas to continue to flow to the
VBS. Under this condition, the flowrate from the EMS ventilator is likely to be outside of its specificatfion.

Check conformity by functional testing in normal use and under normal condition with the most adverse
operating settings, by functional testing in single fault condition and inspection of the risk management
file for risks associated with overpressure conditions.

201.4.11.101.2 Compatibility requirement for medical gas pipeline systems

If the EMS ventilator is intended to be connected to a medical gas pipeline system conforming with
ISO 7396-1:2016+AMD1:2017, then:

a) the rated range of input pressure shall cover the range specified in ISO 7396-1:2016+AMD1:2017;
and
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NOTE Taking account of requirements for over-pressure and under-pressure, this corresponds to a range
280 kPa to 600 kPa.

b) under normal condition,

1) the maximum input flow required by the EMS 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

2) any transient input flow shall not exceed 200 1/min averaged for 3 s.

or:
3) the accompanying documents shall disclose:
1) the maximum input flow required by the EMS ventilator for each gas at-a-pressure pf
280 kPa averaged over 10 s, measured at the gas intake port;

fi) the maximum transient input flow averaged for 3 s required by the EMS\ventilator for ea¢h
gas at a pressure of 280 kPa, measured at the gas intake port; and

connected to a pipeline installation designed using a diversityfactor 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 EMS ventilator interferes
with the operation of adjacent equipment.

{ii) a warning to the effect that this EMS ventilator is a high-flow_.device and should only Ee

Check copformity by functional testing in normal use and under-normal condition with the most adverse
operating settings and by inspection of the accompanying doctiments.

EXAMPLE Highest driving gas consumption under worst-case settings for set rate and tidal volume within the
rated range for inlet pressure.

201.4.11.101.3 Compatibility requireménts for pressure regulators

If the EMS ventilator is intended to be connected to an oxygen gas cylinder via a pressure regulatpr
then:

a) the rpted range of input pressure:shall cover the range specified in:
1) 190 10524-1:2018; or
2) 130 10524-3:2019;and

b) Undér normal condition, the 10 s average input flow required by the EMS ventilator for oxygen shall
not gxceed 401/ min at a pressure of 360 kPa, measured at the gas intake port.

Check copfofmity by functional testing in normal use and under normal condition with the most adverge
operating séttings and by inspection of the accompanying documents.

EXAMPLE Highest driving gas consumption, highest fresh gas delivery and, if provided, the highest rated gas
consumption at any gas power supply output.

201.5 General requirements for testing of ME equipment
IEC 60601-1:2005+AMD1:2012+AMD2:2020, Clause 5 applies, except as follows:

Addition:
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201.5.101 Additional requirements for general requirements for testing of
ME equipment

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

201.5.101.1 EMS ventilator test conditions
a) For testing, the EMS ventilator:

1) shall be connected to gas supplies as specified for normal use;

2) except that industrial grade oxygen and air may be substituted for the equivalent medidal gas, as
appropriate, unless otherwise stated.

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

b] When using substitute gases, care should be taken to ensure that the test gases are oilifree and
appropriately dry.

2P1.5.101.2 Gas flowrate and leakage specifications

NPTE  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, whi¢h are expressed at BTPS.
Correct all test measurements to STPD or BTPS,<as appropriate.

2D1.5.101.3 EMS ventilator testing errors

NPTE 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 shpll use:
1) procedure 1 (calculation of uncertainty of measurement) from [EC Guide 115:2021, 4.4.2; or
2) procedure 2.faecuracy method) from IEC Guide 115:2021, 4.4.3.

NOTE 2 This-s a change from previous revisions of this document, which required tolerances to b¢ adjusted
by subgracting measurement uncertainty from disclosed tolerance values to determine acceptance cfiteria.

b] Testequipment and methods shall be selected and controlled to ensure that the uncertaipty (with
coverage factor k = 2, for confidence of ~ 95%) is no more than 30% of the disclosed tolefance for
the parameter being tested.

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

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

Check conformity by inspection of the technical description.

201.6 Classification of ME equipment and ME systems

IEC 60601-1:2005+AMD1:2012+AMD2:2020, Clause 6 applies.
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201.7 ME equipment identification, marking and documents
IEC 60601-1:2005+AMD1:2012+AMD2:2020, Clause 7 applies, except as follows:
Addition:

201.7.1.101 Information to be supplied by the manufacturer

a) The information supplied by the manufacturer of an EMS ventilator and its accessories shall conform
with ISO 20417:2021.

b) In [applying ISO20417:2021, the terms in this document and thosé€ n
[EC 60601-1:2005+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 copformity by application of ISO 20417:2021.

201.7.2]3  Consult accompanying documents

Replacement:

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

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

Addition:

201.7.2{4.101 Additional-requirements for accessories

a) Accesories supplied separately shall:
1) fylfil the marking-réquirements of ISO 20417:2021, 6.1.1 c); and

2) bé¢ marked with an indication of any limitations or adverse effects of the accessory on the bagic
sdfety or_essential performance of the EMS ventilator, if applicable. See also 201.7.2.101.

b) If mdrking the accessory is not practicable, this information may be placed in the instructions for us

®

Check conformity by inspection, inspection of the risk management file for any limitations or adverse
effects of the accessory, if applicable, and when necessary, inspection of the instructions for use.

201.7.2.18 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,

cc) for oxygen gas inputs, the rated range of oxygen concentration,
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dd) gas-specific colour coding in accordance with ISO 32:1977, if colour coding is used,

EXAMPLE Colour coding to match the colour of the flexible supply hose or a gas cylinder intended to be
attached to the connector of the inlet.

NOTE In some countries, other colour coding is used.
Addition:

201.7.2.101 Additi 1 . : ki I ide of ME , t or

ME equipment parts

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

a] The EMS ventilator shall be provided with a clearly legible permanently attached'start-up grocedure
that is intended to be performed prior to use.

b] The start-up procedure may be provided electronically.
EXAMPLE A start-up procedure provided on the graphical operator interface or provided orally.

c) If applicable, operator-accessible ME equipment, parts or (@ccessories shall have clearly legible
markings of the following

1) for an EMS ventilator intended to be used in the magnetic resonance (MR) environment, in
accordance with IEC 62570:2014,

i) symbol7.3.1-1 (Table 201.D.2.101; “symbol3) or symbol7.3.1-2 (Table 201.D.2.101,
symbol 4) of IEC 62570:2014 for ai¥MR Safe’ EMS ventilator, or

ii) symbol 7.3.2 (Table 201.D.2.101; symbol 5) of IEC 62570:2014 for an ‘MR Conditignal’ EMS
ventilator,

2) for an EMS ventilator not intenhded to be used in the magnetic resonance (MR) environment, in
accordance with IEC 62570:2014, symbol 7.3.3 (Table 201.D.2.101, symbol 6) for an ‘MR Unsafe’
EMS ventilator

3) for flow-direction-sehnsitive components that are operator-removable without the use of p tool, an
arrow indicating the direction:
i) of the flow; or
ii) finspiratory flow if exposed to inspiratory and expiratory flow.

d) If applicable, operator-accessible ME equipment, parts or accessories shall have clearly legible
markings of the following on or adjacent to the following items:

PAETEEC IR L2021 2 W=V 0 2NN 2o SR PY S 5 SN fatals ot
a vvdl 111116 ITULT LU UpDsStIrutu uaic C.

EXAMPLE 1 WARNING: Gas Intake — Do not obstruct

i) A symbol or safety sign evaluated in accordance with to IEC 62366-1 as information for
safety may be used.

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

i) 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.
ii) for the gas return port.

[) Symbol 0794 of ISO 7000 (Table 201.D.2.101, symbol 1) may be used for gas return port.
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3) for a sampling gas inlet, either with the text “Gas sample” or the Symbol ISO 7000-0794,
(Table 201.D.2.101, symbol 1).

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

201.7.4.2  Control devices
Amendment (add between the first and second paragraph):

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

aa) An EMS ventilator with an oxygen concentration control with an error exceeding 20 %)[s¢e
201.12.1.101 b) 3) and 201.12.1.102 b) 3) ] shall not be marked with quantitative ntumeridal
concentration values.

EXAMPL “No air mix” or “High” for the setting for the maximum achievable oxygen concentration or “Air mi”
or “Low” for the setting with a reduced oxygen concentration.

Check copformity by inspection.

201.7.4|3 Units of measurement

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

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

All gas vqlume, flowrate and leakage specifications:

aa) shalllbe expressed at STPD; except for those associated with the VBS which
bb) shalllbe expressed at BTPS.

Addition;

201.7.4{101 Labelling of units of measurement

Quantitative numeric indicationsof*parameters and settings shall be labelled with the units pf
measurement, either:

a) contjnuously; or
b) on operator action,

201.7.9{2.1 General
Amendment (add as fifth bullet following the first paragraph):

J— the i htanded

haY
e e

201.7.9.2.1.101 Additional general requirements

The instructions for use shall disclose the following:
a) theintended range of inspiratory volume.
Check conformity by inspection.

201.7.9.2.2.101 Additional requirements for warnings and safety notices

NOTE  There is guidance or rationale for this subclause contained in Clause AA.2.
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a) The instructions for use shall include:

1) a warning statement to the effect of “Warning: This ventilator is intended to be continuously
attended by an operator. Failure to be in close proximity to this ventilator can contribute to
patient death or serious injury.”

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

N AMDPL 4 YALARAIANC—B b s PN 11 Lrordeielorcrdeto ] 1 4] £l £ 1. h b
CAANITLE T WARNING. DU TIUOUPJUSTUUITTICTAUTU d UTAdIIRTUUTAU DTUTRS UTIT TTUW UL COUTITS d I, there y

causing the ventilator to overheat, thereby interfering with patient ventilation.

EXAMPLE 2 WARNING: Do not block the gas intake port thereby interfering with patient
ventilation.

3) 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 death or
additional deterioration of health.”

EXAMPLE 3 WARNING: Failure to have an alternative means-of ventilation such as a self-inflating,
manually powered resuscitator (as specified in ISO 10651-4) with mask can result in patient death if the
ventilator fails.

4) a warning statement to the effect of “WARNING: D@ not add any attachments or accegsories to
the ventilator that are not listed as intended foruse in combination with the ventilator in the
instructions for use of the ventilator or accessory, as the ventilator might not function |correctly
leading to the risk of patient death or additional serious deterioration of health.”

b) Ifapplicable, the instructions for use shallificlude the following:

1) a warning statement to the effect 'of “WARNING: When using nebulisation or humidification, the
breathing system filters can.réquire more frequent replacement to prevent increased resistance
and blockage.

2) a warning statement-to the effect of “Warning: The ventilator shall not be used in a hyperbaric
chamber. Such usé miight cause the ventilator to not function correctly causing patient{death or
additional seriqus deterioration of health.”

3) a warning.statement to the effect of “Warning: The ventilator accuracy can be affected Hy the gas
added to_the ventilator breathing system by use of a pneumatic nebuliser.

4) a ‘warning statement to the effect of “Warning: Do not use the ventilator in explosive
environments. Such use might cause an explosion.”

C horlk conformitv huincnaction
................. Y-y HRSpecton:

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 EMS
ventilator is ready for use.

a) The instructions for use or the operator interface shall include a pre-use checklist.

b) The instructions for use shall disclose a method by which all of the alarm signals can be functionally
tested by the clinical operator to determine if they are operating correctly.
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c) Porti

ons of this test method may:

1) be automatically performed by the EMS ventilator; or

2) require operator action.

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

Check conformity by inspection of the instructions for use.

201.7.9

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

The instructions for use shall disclose:

a) alisting of the following pressures:

1) t

2) if

3) th

b) the 71
VBS,

1) in
2) e
3) Vi

]

]

adljustable;

2.9.101 Additional requirements for operating instructions

e range of maximum limited pressure (Py v max);

provided, the rated range to which the maximum working pressure (Py, ...) can be set,|if

e means by which the maximum working pressure is accomplished.
EXAMPLE 1 Pressure cycling, pressure limiting, pressure generation.

ated range of the following characteristics of.the assembled operator-detachable parts of the
over which the accuracies of set and monitoféd volumes and pressures are maintained:

spiratory gas pathway resistance,
(piratory gas pathway resistance; and
BS compliance.

) These specifications.:may be presented in ranges.

i) The accuracies-0of set and monitored volumes may be presented as a function of thege
characteristies:
NOTE 2_€ompliance and resistance can be non-linear. These characteristics might need to be
specified over a range (e.g. at 151/min, 301/min, 601/min and the maximum flowrate or the
maximum pressure).

c) thed

oriditions under which the EMS ventilator maintains the accuracy of controlled and display¢d

variables as disclosed in the instructions for use.

EXAMPLE 2  Interval of calibration of a flow sensor.

d) if end-tidal gas concentration measurement is provided, a summary of effects of respiratory rate on
the end-tidal gas concentration measurement accuracy.

e) if a connection for a distributed alarm system is provided, a description of how to connect and test

the c

onnection of a distributed alarm system.

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

32
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g) whether or not the EMS ventilator is intended for use with closed suctioning.
Check conformity by inspection.

201.7.9.2.12 Cleaning, disinfection, and sterilization

Amendment: (add after normal use)

or in single fault condition

Lol £ &

A o] 4 o e ) 1] g 1ot
TETUITCrit, (udu ujLcl vulictcu 1ist)

aq) The instructions for use shall identify which portions of the gas pathways through the EMS i
can become contaminated with body fluids or by microbial material conveyed by thg
breathing gases during both normal condition and single fault condition.

Adldition:

2D1.7.9.2.14.101 Additional requirements for accessories, supplementary equipj
used material

NPTE 1 There is guidance or rationale for this subclause contained in Clausé AA.2.

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

1) atleast one set of accessories; and

2) if applicable, the ME equipment necessary ferthe EMS ventilator’s intended use.

b) Ifapplicable, the instructions for use of theZkMS ventilator shall disclose:

1) any restrictions on the positioning.ef components within the ventilator breathing systen
EXAMPLE  Where such components are flow-direction-sensitive components.

2) any reasonably foreseeable adverse effect of any recommended accessory on the
performance or basic.safety of the EMS ventilator (additional requirements are found in

Check conformity byyinspection of the instructions for use and inspection of the risk manageme
any adverse effectrof\any recommended accessory.

2p1.7.9.3.1.101 Additional general requirements
N

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

a)] ~The technical description shall disclose:

ventilator
expired

ment,

; and

essential
201.16).

nt file for

1) a summary description of the filtering or smoothing techniques for all measured or c
variables that are displayed or used for control necessary for the operator to form
model of the operation of the EMS ventilator;

omputed
a mental

2) a pneumatic diagram of the EMS ventilator, including a diagram for operator-detachable parts of
the ventilator breathing system either supplied or recommended in the instructions for use;

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

ventilation-mode of the EMS ventilator; and

4) the outside dimensions and mass of the EMS ventilator.
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b) Ifapplicable, the technical description shall disclose:

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

EXAMPLE Deadspace and resistance.

2) adescription of the method used to calculate end-tidal gas readings.

Check conformity by inspection.

201.7.9
The tech

a) ade;s
cond|

b) whid
Check co
201.8

IEC 6060

201.9

[EC 6060
Addition:

201.9.4

NOTE 1

a) AnH
unw

b) The

1)1
fa

3.101 Additional requirements for the technical description

hical description shall disclose:

cription of a procedure for checking the functioning of the alarm system for each‘of the alar
itions specified in this document, if not performed automatically during start-up; and

h checks are performed automatically.
hformity by inspection of the technical description.

Protection against electrical hazards from ME equipment
1-1:2005+AMD1:2012+AMD2:2020, Clause 8 standard applies.

Protection against mechanical hazardsof ME equipment and
ME systems

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

3.101 Additional requirements for instability from unwanted lateral
movement

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

IMS ventilator shall include a means by which the EMS ventilator can be attached to preve
hinted movement diring transport while in use.

means shall secure the EMS ventilator to withstand accelerations or decelerations of

g longitudinal (forward, backward), 10 g transverse (left, right) and 10 g vertical (up, dow
r at least 150 ms in each orientation for a road ambulance.

m

n)

2) 2

D g Inngihldinnl (fm'wnrd hn(‘kwm‘d) 20 g transverse (lpﬁ' righr) 20g vertical (dnwn) and 4

vertical (up) for at least 3 s in each orientation for an air ambulance.

c) Terminal units and electrical sockets shall not be used as part of the fixation system.

d) Ifrai

1 systems are used, they shall conform with ISO 19054:2005+AMD1:2016.

NOTE 2 Rail systems consist of e.g. rail supports, rails, rail clamps, equipment mount holders, equipment
mounts, equipment pin holders and equipment pins.

e) The means to secure a portable EMS ventilator to withstand forces caused by accelerations or
decelerations shall be operable without the use of a tool.

34

© IS0 2023 - All rights reserved


https://standardsiso.com/api/?name=b5c02dbaeb0a44da43898cae71416960

f)

IS0 80601-2-84:2023(E)

The technical description shall disclose the technical details of this means for attachment.

Check conformity by inspection and functional testing.

EXAMPLE These tests can be performed by using static loading, acceleration sleds or centrifuges.

2

01.9.4.4  Grips and other handling devices

Replace list item b) with:

b]

A

A purtuble EMS verttitatorstratt bedesigned sucthr that it camr be carried by momore thramome hand.
1) It shall be possible for the operator to:

i) observe the display;
ii) recognize the alarm signals; and
iii) actuate the controls while holding the EMS ventilator with no mo@te than one hand,

2) A carrying case or handle may be used to fulfill this requirement.

mendment (add to the end of the compliance check):
heck conformity by functional testing while carrying with noimore than one hand.

01.9.6.2.1.101 Additional requirements for audible acoustic energy
The A-weighted sound pressure level emitted by the’ EMS ventilator shall be:

1) measured in accordance with ISO 4871:1996 and ISO 3744:2010 using engineering method
grade 2; and

2) disclosed in the instructions for uyse:

The A-weighted sound powerdeyvel shall be:

1) calculated in accordarce with 8.2.5 and 8.6 of ISO 3744:2010; and
2) disclosed in the.nstructions for use.

Check conformity with the following test:

1) Placethie EMS ventilator on the sound-reflecting plane and attach the least favourable JBS 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 EMS ventilator, include the humidifier filled to the least
favourable level in the test.

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

i) Acoustically isolate the test lung by a suitable means so that any noise caused by the test
lung does not interfere with the sound measurement of the EMS ventilator.

ii) Connect the patient-connection port to the test lung.
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4) Set the EMS ventilator to the least favourable ventilation-mode, inflation-type and flow pattern, as
applicable, that generates ventilation as indicated in Table 201.102.

NOTE 2 The least favourable ventilation-mode, inflation-type and flow pattern can vary by VBS
configuration.

5) Using a microphone of the sound level meter, conforming with the requirements of type 1
instruments specified in IEC 61672-1:2013, measure the maximum time-weighted sound
pressure level using frequency-weighting A and the time-weighting F of the sound level meter

(i[e- Tarmax) at 10U positions In a hemisphere with a radius from the geometric centre of the EMS
véntilator in a free field over a reflecting plane as specified in 8.1.1 of ISO 3744:2010. Average
tHe values in accordance with 8.2.2 of ISO 3744:2010.
6) Calculate the A-weighted sound pressure level averaged over the measurement’/surface |n
agcordance 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, thar or equal to that disclosed jn
tHe instructions for use.
10) Ensure that the sound power level is less than that disclosed in the instructions for use.
Table 201.102 — Test conditionsfor acoustic tests
Test condition
Adjustable parameter For an EMSventilator intended to provide tidal volume
V2300, ml 300 ml = V250 ml V<50 ml
Tidalvolume, V2 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 hPa 10 hPa
Lineqr resistance, Ro[431(58[5¢) 5 hPa-(1/s)-1 +10 % 20 hPa-(I/s)-1 10 % 50 hPa-(I/s)-1 +10 %
Isothfrmal Compliafice; CP 50 ml/hPa =5 % 20 ml/hPa 5 % 1 ml/hPa +5 %
a (T is measured/by means of a pressure sensor at the test lung, where Vy = € (Ppay - Pmin), and
Vr is the volume delivered to the test lung
C is the Isothermal Compliance of the test lung
Pwax is the maximum pressure measured in the test lung
Prom——is-themintmim pressure meastred-in-the-testhme
b The accuracy for C and R applies over the ranges of the measured parameters.
NOTE There is guidance or rationale for this table contained in Clause AA.2.

201.10 Protection against unwanted and excessive radiation hazards

IEC 6060

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

201.11 Protection against excessive temperatures and other hazards

IEC 6060

36
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201.11.1.2.2 Applied parts not intended to supply heat to a patient

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

Amendment (add between the existing paragraphs):

In normal use and single fault conditions and over the rated flowrate range and at the maximum rated
operating temperature, the temperature of the gas delivered by the EMS ventilator at the patient-
connection port, both with and without each humidifier specified for use in the instructions for use, when
averaged over 120 s shall not exceed:

ag) 70°C; and

bb) an energy equivalent to 43 °C and 100 % relative humidity (a specific enthalpy not tp exceed
197 k] /m3 dry air).

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

L

[able 201.103 — Examples of permissible combinations of temperature and relative hfimidity

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

2P1.11.6.6 Cleaning and disinfection of ME equipment or ME system

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

Amendment(add additional requirement as new first paragraph):

aa) Gas’pathways through the EMS ventilator and its accessories not intended for single use|that can
become contaminated with body fluids or by microbial material conveyed by the expifted gases
auring rrormal conditton or Singie fauit condition shatt be designed to attow for:

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

NOTE 2 Additional sterilization requirements are found in 11.6.7 of
IEC 60601-1:2005+AMD1:2012+AMD2:2020.

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

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.

NOTE3_1SQ 14159 prnvidpc gnid:\nrn for the dpcign of enclosures.

dd) Proc
1) cq

2) b

Check canformity by inspection of the risk management file to determine thecgas pathways that can

become

ISO 1766
be affect
disinfect
instructig

safety an

effects of]
201.11.
Amendm

NOTE
1:2005+A

201.11.
Amendm

aa) The
man
path

bb) The

201.12

pssing instructions for the EMS ventilator enclosure shall:
nform with ISO 17664-2:2021; and

e disclosed in the instructions for use.

contaminated in normal condition and single fault condition yand conformity with
4-1:2021 and ISO 17664-2:2021, as appropriate. When conformity_with this document could
ed by the cleaning or the disinfection of the EMS ventilator or its-parts or accessories, clean and
them for the number of processing cycles and in accordance{with the methods indicated in the
ns for use, including any cooling or drying period. After,these procedures, ensure that basic
d essential performance are maintained. Confirm that the manufacturer has evaluated the
multiple processing cycles and the effectiveness of those cycles.

.7 Sterilization of ME equipment or ME system

bnt (add note before compliance test):

Additional sterilization requirements are found in 11.6.6 of IEC 6060[1-
MD1:2012+AMD2:2020.

7 Biocompatibility of ME equipment and ME systems

bnt (add after existing text(prior to the compliance statement):

manufacturer of an (EMS ventilator, VBS, its parts and accessories shall address in the risk
1gement process therisks associated with the leaching or leaking of substances into the ggs
vay.

jas pathways-shall be evaluated for biocompatibility in accordance with to ISO 18562-1:2023.

Accuracy of controls and instruments and protection against

hazardous outputs

IEC 6060

Addition:

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

201.12.1.101 Volume-control inflation-type

NOTE 1

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

a) If provided with a volume-control inflation-type, then with a volume-control inflation-type selected

and

the EMS 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.

38
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EXAMPLE  # (5 +10 % of the set volume) ml

b) This 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

3 ralatios o o ot ool
I TCIAUIUIT LU LIIC oL L vdadlu

P

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

c)] All of the errors may be reported separately for the following ranges of intended.tidal volume:
1) V;2300ml

2) 300ml = V;250ml

3) V;<50ml

d] The accuracy of the performance of the EMS ventilator shall either be:

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

2) determined for the worst-case VBS configurations indicated in the instructions for use.

NOTE 2 The worst-case VBS configuration gan be different for each error or nominal inspiratory volume.

e] If worst-case VBS configurations are used, the rationale for their selection shall be docunmented in
the design documentation.

f)] Check conformity by inspection*of the design documentation for the rationale, if applicpble, and
with the following tests:

NOTE 3 In some cases, the following tests can be carried out simultaneously.
1) Tidal volume and’end-expiratory pressure errors

i) Set‘up the EMS ventilator as shown in Figure 201.101.

ii),. If-applicable, determine or input the VBS compliance required for compliance coryection as
indicated in the instructions for use and activate this correction. If a humidifier is|used, fill
the humidifier to the maximum water level prior to determining the VBS compliange.

iii) Use the test parameters and settings of the first applicable row (selected by intended tidal
VUZUIIIC) Uf Td‘U}t: 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
calibrated flow sensor located at the patient-connection port or by the product of the test
lung compliance and the measured change of test 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 [48].

vi) Compare the result with the volume setting for the test and the resulting difference with
the tolerance indicated in the instructions for use.

© 1SO 2023 - All rights reserved 39


https://standardsiso.com/api/?name=b5c02dbaeb0a44da43898cae71416960

I1SO 80601-2-84:2023(E)

Key
EMS

O 00 N O U1 b W N -

[u=y
o

pressyune.sensor

vii) If the EMS 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 201.12.1.104.

viii) 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 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.

KiJ Repeat iv) to x) for each appiicable row (selected by intended tidal volume) pf
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. ‘donstant flow
decelerating flow) has been selected for the tests, repeat ii) to xii) for.€ach flow pattefrn
available on the EMS ventilator.

-

—n

xiv) If the EMS ventilator permits operation without compliance correetion, repeat ii) to xi
without compliance correction.

)

entilatorinder test

flow sensor, with a 10 % to 90 % TiSe time of N0 greater than 10 ms
oxygen sensor

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

test lung resistance (Riung)

pressure sensor, with a 10 % to 90 % rise time of no greater than 10 ms
test lung compliance (Clung)

test lung

The oxygen sensor may be placed in the VBS.

Figure 201.101 — Volume-control and pressure-control inflation-type accuracy, typical test setup

40
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2) Oxygen (FiO2) error

IS0 80601-2-84:2023(E)

i) The accuracy of the inspiratory oxygen concentration of the gas delivered is assessed 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-connection port, the value
of the concentration is the flow-weighted average concentration during the inflation phase.

the oxygen setting for the test and the disclosed tolerance.

Table 201.104 — Volume-control inflation-type testing

Test lung parameters EMS ventilator settings
Compliance Linear Tidal volume Setrate2 | Inspiratory | FiQ2 BAP
Test resistance time b
number [431[531[56]

b
ml/hPa hPa-(1/s) ml . hPa
+10 % 0 breaths/min S (cmH20)

+10 % 0
%
1 —c —c Maximum settable —c —c —c —¢
tidal volume
2 50 5 500 20 1 30
3 50 20 500 12 1 85 10
4 20 5 500 20 1 85
5 20 20 500 20 1 30 10
6 20 20 300 20 1 30
7 20 50 300 12 1 85 10
8 10 50 300 20 1 30 10
9 10 10 200 20 1 85
10 3 10 50 30 0,6 30
11 3 20 50 30 0,6 30 10
12 3 50 50 20 0,6 60
13 3 20 30 30 0,6 30
14 3 50 30 20 0,6 85 10
15 1 20 30 30 0,6 85
16 1 100 30 30 0,6 30 10
17 1 200 20 50 0,4 30
18 1 200 15 50 0,4 60 10
19 1 50 10 60 0.4 60
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 —c —c Minimum settable —c —c —c —c
tidal volume
a  Ifthe end-expiratory flow does not reach zero, reduce the set rate until it does.
b In the case that EMS ventilator does not provide the settings as specified in column FiO-, select the closest available FiO2 EMS
ventilator setting.
¢ The instructions for use shall indicate this value.
NOTE There is guidance or rationale for this table contained in Clause AA.2.

© IS0 2023 - All rights reserved
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i

1

ii) 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 located in
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 dependencies.

iv) Compare each result with the acceptance criteria derived from the oxygen setting for the

testin f) 1), above and the tolerance indicated in the instructions for use.

201.12.1.102 Pressure-control inflation-type

NOTE 1

a) If pr
and
setti
the n
EXAM

b) This

1) th
tH

2) th

3) th
in

i
c) Allo

1)V
2) 3
3) V.
d) The

1) d

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

bvided with a pressure-control inflation-type, with the pressure-control inflation-type selected
the EMS ventilator operating in normal condition, the accuracy as determined for the test
ngs and conditions specified in this document shall be disclosed in the instructions for use, as
haximum bias error and maximum linearity error.

PLE % (3,0 hPa +5 % of the set pressure); ( (3,0 cmH20 +5 % of the set'pressure) )

disclosure shall include at least:

e maximum error of the airway pressure (P,,,) at the end of the inflation phase in relation fo
e set value;

e maximum error of PEEP in relation to the set valué of BAP; and

e maximum error of the inspiratory oxygen (¥10,) concentration at the patient-connection pojyt
relation to the set value.

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

F the errors may be reported separately for the following ranges of intended tidal volume:

L > 300 ml
DO ml > V., > 50 ml
L <50 ml

hccuracyofithe performance of the EMS ventilator shall either be:

ptermined 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.

NOTE 2 The worst-case VBS configuration can be different for each error or each nominal inspiratory

volume range.

e) If worst-case VBS configurations are used, the rationale for their selection shall be documented in
the risk management file.

f) Chec

k conformity by inspection of the risk management file for the rationale, if applicable, and with

the following tests:

NOTE 3 In some cases, the following tests can be carried out simultaneously.
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1) End-inspiratory and end-expiratory pressure errors

i) Setup the EMS ventilator as shown in Figure 201.101.

IS0 80601-2-84:2023(E)

Table 201.105 — Pressure-control inflation-type testing

Intended Test lung parameters EMS ventilator settings
tlidal . Compliance Li.near Set rateb Inspiratory A _ BAP
Test vorme ng:lssg?[;?e time« inspiratory Fi0¢
rpumTheT pressured
ml/hPa hPa:(1/s)* | breaths/ Y% hPa
ml +10 % 10 % min : hPa (cmH:0)

1 —f —f —f —f —f Maximum —f —f

settable

pressure
2 500 50 5 20 1 10 30 5
3 500 50 20 12 1 15 85 10
4 500 20 5 20 1 25 85 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 85 10
8 300 10 50 20 1 30 85 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 85 10
15 30 1 20 30 0,6 30 85 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
2X 5 0,5 50 30 0,4 10 30 5
22 5 0,5 200 60 0,4 15 30 10
23 —f —f —f —f —f Minimum —f —f

settable

pressure

a

b

c

d

e

f

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

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

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

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

If the EMS ventilator does not provide the settings as specified in column FiO-, select the closest available FiO2 EMS ventilator setting.

The instructions for use shall indicate this value.

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

© IS0 2023 - All rights reserved
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2)

ii) If applicable, determine or input the VBS compliance required for compliance correction as

indicated in the instructions for use and activate this correction. If a humidifier is used, fill
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 typical

intended tidal volume) of Table 201.105.

iv) Wait until steady-state conditions are achieved.

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

preceding 50 ms.

A

X) Compare the result with the acceptance criteri@ derived from the BAP setting for the tes

xi) Repeatii) to x) for 30 consecutive inflations.
xii) Repeat ii) to xi) for each applicable row (selected by intended tidal volume) pf

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

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

xv) If the EMS ventilator permits operation without compliance correction, repeat ii) to xi

/i) Compare the result with the pressure setting for the test and the resulting differenceywith
the tolerance indicated in the instructions for use.

/ii) Determine the tidal volume, for example via integration, of the flow signal provided by|a
calibrated flow sensor located at the patient-connection port or by the product’of the test
lung compliance and the measured change of test lung pressure, ¢ompensated for
temperature effects due to fast compression of the gas, if necessary.

NOTE 4 Additional information on the construction of an isothermalntest lung is found [in
Reference [48].

iii) If the EMS ventilator is equipped with tidal volume monitoring equipment, determine the
accuracy of the tidal volume monitoring equipment by eomparing its reading to the tidal
volume determined in vii). Refer to 201.12.1.105.

x) Determine the PEEP as the average of the airway pressure measurements over the last
50 ms of the expiratory phase.

Kl

the measurement uncertainty and the resulting difference with the tolerance indicated |n
the instructions for use.

Table 201.105.

humidifier water level without re-determining the VBS compliance.

~

decelerating flow}\has been selected for the tests, repeat ii) to xiii) for each flow pattefn
available on theZEMS ventilator.

<

)

without eompliance correction.

Dxygen (Fi0) error

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

placing the sensor of an oxygen concentration-measuring device at the patient-connectign

portor-instde-thetesttungHthesensoristocated-at thepatient-comrectionport,thevatue
of the concentration is the flow-weighted average concentration as a function of flow
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 located in
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 dependencies.
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iv) Compare each result with the acceptance criteria derived from the oxygen setting for the

testin i), above and the tolerance indicated in the instructions for use.

201.12.1.103 Other inflation-types

a)

If other inflation-types are provided, then with each other inflation-type selected and
ventilator operating in normal condition,

1) the performance at the patient-connection port; and

the EMS

4) thelr acceptance Criteria;

as determined by the manufacturer, shall be disclosed in the instructions for use.

rated input oxygen concentration.

All of the acceptance criteria may be separately reported for the following ranges of
inspiratory volume:

1) >300 ml;

Vinsp

2) 300ml 2 >50 ml; and

Vinsp
3) Vipsp <50 ml.

The acceptance criteria of the performance of thé’EMS ventilator shall either be:
1) determined for each VBS configurationdndicated in the instructions for use; or

2) determined for the worst-case VBS.¢onfiguration indicated in the instructions for use.

NOTE1 The worst-case VBS-eonfiguration can be different for each error or each nominal i
volume range.

the risk management file.

neck conformity by~inspection of the instructions for use, inspection of the risk management fi
tionale, if applicable, and with the tests specified by the manufacturer.
01.12.1:104 Inspiratory volume monitoring equipment

the, EMS ventilator is equipped with inspiratory volume monitoring equipment, the accura
spiratory volume monitoring equipment shall be disclosed in the instructions for use.

3) The disclosed performance and acceptance criteria shall include the effects-of*the range of the

intended

nspiratory

If worst-case VBS configurations are used, the rationale for their selection shall be docunmented in

le for the

cy of the

Check conformity with the following.

Confirm that the inspiratory volume monitoring equipment accuracy as measured in 201.12.1.101 f) 7)
and 201.12.1.102 f) 7) is within the accuracy disclosed in the instructions for use.

201.12.4 Protection against hazardous output
Addition:

201.12.4.101 Oxygen monitor

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

©

ISO 2023 - All rights reserved
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a) The EMS ventilator, intended to provide a inspiratory volume less than 50 ml [see 201.12.1.101 b)
3),201.12.1.102 b) 3) and 201.15.102], shall either

1) be equipped with oxygen monitoring equipment for measurement of the inspiratory oxygen
concentration that is integral to the EMS ventilator; or

2) the instructions for use shall contain a statement to the effect that the EMS ventilator is to be
equipped with oxygen monitoring equipment for measurement of the inspiratory oxygen
concentration before being put into service.

b) Integ
ISO §

1) 2
2) 2
3) 2

]

4) 2
5) 2
6) 2

c) Whe
instr|

d) Ifeq

in addition, be equipped with an alarm system that includes a high oxygen level alarm condition.

e) The

1) sk

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

le

NOTE 2

Check ¢

high oxygen level alarm condition:

rated oxygen monitoring equipment shall conform with the following subclauses-pf
0601-2-55:2018:

D1.7.4.3;
D1.7.9.2.9.101 k);
1.12.1.101;

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

1.12.1.102;
D1.12.1.103; and
8.6.1.2.

e the oxygen monitoring equipment is-mot an integral part of the EMS ventilator, the
ictions for use shall include information onwhere to connect the oxygen monitoring equipment.

—_—

ipped and the intended inspiratory-volume is <50 ml, the oxygen monitoring equipment shal

)

jall be at least medium-priority, unless

vel alarm condition is suppressed or its priority is changed.

A low oxygen level alarm condition is required by ISO 80601-2-55.

pnformity by inspection of the instructions for use or application of the tests pf

ISO 8060

1-2+55:2018.

201.12.4.102 Measurement of airway pressure

NOTE

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

a) The EMS ventilator shall be equipped with monitoring equipment to measure the airway pressure.

b) The site of actual measurement:

1) may be anywhere in the EMS ventilator breathing system; but

2) the indicated value shall be referenced to the patient-connection port.

46
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c) Under steady-state conditions, the indicated airway pressure shall be accurate to within + (2 hPa
+8 % of the actual reading); (+ (2 cmH,0 +8 % of the actual reading)).

Check conformity by functional testing.

201.12.4.103 Measurement of expired volume and low volume alarm conditions

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

a)__An EMS ventilator should either:

1) be equipped with monitoring equipment for indicating the volume expired through [th¢ patient-
connection port; or

2) if not so equipped, the instructions for use should include a statement to the effect that the EMS
ventilator is to be equipped with monitoring equipment that conforms witH this document before
being put into service.

b] Ifequipped,

1) unless the expired volume monitoring equipment is an ‘integral part of the EMS ventilator,
information on where to connect the expired volume monitoring equipment shall be didclosed in
the instructions for use.

2) the accuracy of measurement of expired volumes greater than 100 ml shall be within 20 % of
the actual volume expired through the patient-connection port.

3) the accuracy of expired volume monitoring equipment shall be disclosed in the instrugtions for
use.

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

NOTE 2 The use of Oxygen 93 % can reduce the accuracy of measurement due to influencg of other
gases such as argon onflow measurement.

5) the expired volume monitoring equipment shall be equipped with an alarm system td indicate
when

i) theloew-expired volume alarm limit is reached; and
ii)~\the high-expired volume alarm limit is reached.

6) sthe low-expired volume 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
II) the low-expired volume alarm condition or

I1I) the high-expired volume alarm condition
is suppressed or its priority is changed.

c) The expired volume monitoring equipment may be equipped:

1) with an alarm system that starts with low priority alarm conditions to indicate when the expired
volume reaches either alarm limit; and

2) if this state continues, escalates to medium priority alarm conditions.
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d) The expired volume alarm limits may be:

1) pre-adjusted;

2) responsible organization-configurable;

NOTE 3 There is guidance or rationale for this list element contained in Clause AA.2.

3) operator-adjustable;

4) E
5) a

e) Ifthg
dete

NOT]

Check cd
Table 20
instructiq
use.

EXAMPLE

For testinmg with a humidifier, repeat the tests at the minimum and maximum water levels (2 sets of tesits

for a hum

201.12.
NOTE 1

A protec
200mst

a) 85h
b) 120

NOTE 2
maximum

Check co

MS ventilator-adjustable; or
combination of operator-adjustable and EMS ventilator-adjustable.

alarm limits are adjustable by the EMS ventilator, a summary description of the algorithm that
‘mines the alarm limit values shall be disclosed in the instructions for use.

4 Depending on the type of ventilation-mode being used, there can be more than one active alarm limit.

nformity by functional testing using the test conditions described in Table 201.104 and
1.105 selecting the appropriate rows based on intended tidal-yolume and inspection of the
ns for use. Select and set up the worst-case VBS configuration indicated in the instructions fpr

Minimum or maximum VBS compliance.

idifier).
1.104 Maximum limited pressure protection device

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

lion device shall be provided to prevent the airway pressure from exceeding for more than
he greater of:

Pa; or
o of the maximumworking pressure.

This requirement applies in both normal condition and single fault condition. See the definition jof
limited pressure.

hformity by functional testing.

201.12.4.105 Highairway pressure alarm condition and protection device

NOTE 1

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

a) The EMS ventilator shall be equipped with monitoring equipment with an alarm system to indicate
when the high-pressure limit for airway pressure is reached during the entire respiratory cycle.

b) The high airway pressure alarm condition:

1) shall be high priority; unless

2) anintelligent alarm system, based on additional information, determines that:
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i) the high airway pressure alarm condition is suppressed; or
ii) its priority is changed.

The high airway pressure alarm limit may be:
1) independently adjustable;

2) connected to an adjustable pressure limitation; or

'2) related to the set pressure of the EMS ventilator

023(E)

If the high airway pressure alarm limit is independently adjustable, it shall not be possiblé to set:

1) the alarm limit to a value less than that of the adjustable pressure limitation; and

2) the adjustable pressure limitation to a value more than that of the alarm'limit.

Means shall be provided to require the operator to perform a deliberate sequence of actions to

confirm the setting of the high airway pressure alarm limit to valueSexceeding the lower off
1) 30 hPa (30 cmH,0) more than the operator-set pressure; or

NOTE 2 An example of the maximum set pressure is the sum of the set BAP and the set 4i
pressure.

NOTE 3 An example for a bi-level positive airwdy pressure ventilation-mode, is the sum of th¢
and the set Ax inspiratory pressure. See 1SO 19223:2019, Figure C.33.

NOTE 4 The operator-set pressure does not apply when by design the ventilator adjusts t
pressure on a breath-by-breath basis:

2) 60 hPa (60 cmH;0).

Patient-generated transient pressure increases should not cause the high airway pressuy
condition.

EXAMPLE Transjentpressure increase caused by the patient coughing.

The high aitway pressure alarm condition delay shall not exceed 200 ms and the EMS |
shall:

1) det'to attempt to cause the pressure to start to decline within that duration; and;

nspiratory

set BAPu

he airway

re alarm

ventilator

2) act to prevent the pressure from continuing to rise.

h)

In normal condition, whenever the high airway pressure alarm condition occurs, the EMS ventilator

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 EMS ventilator shall reduce the airway pressure to the set BAP level

or below within no more than 30 s.

Check conformity by functional testing.
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201.12.4.106 Expiratory end-tidal CO2 monitoring equipment

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

a) An EMS ventilator should either:

1) be equipped with CO, monitoring equipment for the measurement of the expiratory carbon
dioxide concentration that is integral to the EMS ventilator; or

2) the instructions for use should contain a statement to the effect that the EMS ventilator is to be

edluipped with CO2 monitoring equipment for measurement of the expiratory carbon dioxide
cgncentration (e.g. in the expiratory limb or at the patient-connection port) before being putinto
sgrvice.

b) Integrated CO, monitoring equipment shall conform with the following @ubclauses pf
ISO §0601-2-55:2018:

1) 201.7.4.3;
2) 201.7.9.2.9.101 k);

3) 201.12.1.101;

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

4) 201.12.1.102;
5) 201.12.1.103; and
6) fdr expired CO, concentration, 208.6.1.2,

c) Where the CO; monitoring equipmentiis.not an integral part of the EMS ventilator, the instructiops
for ufe should include information on'where to connect the CO, monitoring equipment.

Check copformity by inspection.

201.12.4.107 Protection against inadvertent setting of high airway pressure

Means shall be provided to.réquire the operator to perform a deliberate sequence of actions to confirm
any airway pressure. ‘settings exceeding 60 hPa (60 cmH,0). See also 201.12.4.105 e) 2) and
206.101 p) 6).

Check copformity*by functional testing.

201.13 ‘Hazardous situations and fault conditions for ME equipment

IEC 60601-1:2005+AMD1:2012+AMD2:2020, Clause 13 applies, except as follows:
Addition:

201.13.2.101 Additional specific single fault conditions

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

An EMS ventilator shall be so designed and constructed that the following single fault conditions shall
not cause an unacceptable risk:
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a) disconnection or blockage of the gas delivery to the patient-connection port from the EMS
ventilator;

b) disconnection or blockage of the gas flow pathway from the patient-connection port to the exhaust
port;

c) failure to install, removal or failure of an operator-detachable breathing system filter; and

d) interruption of a functional connection between parts of the EMS ventilator or ME system.

EXAMPLE1  Loss of communication between the EMS ventilator and its remote (wired or wirelegs) control
or monitoring module.

EXAMPLE 2  Loss of communication between the EMS ventilator and its distributed al@rm system.

EXAMPLE 3  Loss of communication between the EMS ventilator and the means for generating remote
alarm signals.

Check conformity by functional testing and inspection of risk managementfile.

2P1.13.102 Failure of one gas supply to an EMS ventilater

a)] For an EMS ventilator with multiple high-pressure gas supplies, following the failure of one gas
supply, the EMS ventilator shall:

1) continue ventilation using the other gas supplys
2) maintain basic safety; and
3) maintain essential performance.

b) The EMS ventilator shall be equipped with an alarm system that detects a technical alarm fondition
to indicate this gas-supply failure,

c) The gas supply failure technical alarm condition
1) shall be at least low priority if ventilation is maintained, unless

2) an intelligent_alarm system, based on additional information, determines that the gaf-supply-
failure technical alarm condition is suppressed; or

3) shall.be at least medium priority otherwise, unless

4) ‘am' intelligent alarm system, based on additional information, determines that the gag-supply-
failure technical alarm condition is suppressed.

Check conformity by functional testing.

201.13.103 Independence of ventilation control function and related risk control
measures

NOTE  There is guidance or rationale for this subclause contained in Clause AA.2.
a) Asingle fault condition shall not cause the simultaneous failure of:
1) aventilation control function; and

2) the corresponding protection device.
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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)

2)

a ventilation-control function and the corresponding monitoring equipment; or

a ventilation-control function and the corresponding alarm system

Check conformity by inspection and functional testing.

IEC 606011-1:2005+AMD1:2012+AMD2:2020, Clause 14 applies, except as follows:

Addition;]

201.14.] General

Amendment (add prior to the compliance check):

aa) The programmable electronic subsystems (PESS) of an EMS ventilator shall be developed with|a
design process conforming with:

1)

2)

bb) The |ventilation control software items of the EMS vetitilator PESS without an independent rifk
contfol measure external to the PESS shall be considered as software safety Class C.

201.14.101 Cybersecurity capabilities of EMS ventilators

a) An EMS ventilator should contribute to the safe operation related to cybersecurity.

b) Risk| control measures as specified jin IEC/TR 60601-4-5:2021, Clauses 4 to 7, should be
implemented, as appropriate, with the following additions to IEC/TR 60601-4-5:2021, 4.6.3.

1

3)

52

IHC 62304:2006+AMD1:2015; and

Iffprovided with an electronic functional connection, IEC 81001-5-1:2021.

Essential function: After diseonnection of all data interfaces to IT-network connections possibly
subject to attack (via physical or logical disconnection), if necessary, after restarting the EMS
véntilator once, all clinical functions except those related to the affected remote functionality
should be in placetand operate as intended.

recall functiens: As an EMS ventilator is used with continuous healthcare professional operatpr
supervision,/the user interface need not require authentication for operators and thus need npt
require-a- firecall function. If authentication for operators to operator accessible settings is [n
placé ‘also for the user interface, a firecall function should be able to overrule that operatpr
authentication combined with a log en protected against modifications by the gperator (ile.
responsible organization log). IT-network interfaces including those for remote access typically
require authentication but should not include firecall functions as the healthcare professional
operator is always close to the EMS ventilator and patient.

Target security level SL-T: For user interfaces and for remote setting of clinical functions, the
expected security level of SL-T, as specified in I[EC/TR 60601-4-5:2021, is 1 or better. However,
authentication of operators is not required for the user interface, only for access via data
interfaces. The expected security level of SL-T, as specified in IEC/TR 60601-4-5:2021, is 2 or
better for secure updates or restorage of software, remotely or locally.
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201.15 Construction of ME equipment

IEC 60601-1:2005+AMD1:2012+AMD2:2020, Clause 15 applies, except as follows:

Addition:

201.15.3.5.101 Additional requirements for rough handling

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

a

An EMS ventilator and its parts, including applicable accessories shall have adequate m
strength to withstand the mechanical stress caused by normal use, pushing and rough
while operating.

For this test, the EMS ventilator and its parts, and applicable accessories, shallbe‘'mounted
mounting accessories indicated in the accompanying documents. If more thay dne mountin
is described in the accompanying documents, multiple tests are required;

NOTE 2 An EMS ventilator tested and conforming with a more severe requirement is considered t
with the corresponding requirement of this subclause.

During the following test, an EMS ventilator shall maintainbasic safety and essential perforr

bchanical
handling

using the
g system

b conform

nance.

During this testing, volume and pressure alarm condition alarm limits shall be set to their least

sensitive levels.
During the testing, the error of:

1) the inspiratory volume of individual.inflations shall not deviate by more than 35
inspiratory volume measured prior.to the test;

o of the

2) the inspiratory volume averagéd over a one min interval shall not deviate by more than 25 % of

the inspiratory volume medsured prior to the test;

i) One-minute averaged testing need not be performed if the inspiratory volume of i
inflations does'not deviate by more than 25 %.

3) the PEEP of individual inflations shall not deviate by more than 5,0 hPa (5,0 cmH:0)
PEEP measuréed prior to the test; and

Check conformity by performing the following tests:

1) Breadband random vibration test in accordance with IEC 60068-2-64:2008, using the
conditions:

hdividual

from the

following

)

acen
T aCcCTT

— 100 Hz to 200 Hz: —3 dB per octave;
— 200 Hzto 2 000 Hz: 0,5 (m/s2)2/Hz;

ii) duration: 30 min per perpendicular axis (3 total).

201.15.4.1 Construction of connectors
Addition:
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aa) Operator-detachable VBS connectors are exempt from this requirement.

201.15.101 Mode of operation

An EMS ventilator shall be suitable for continuous operation.
Check conformity by inspection.

201.15.102 Delivered oxygen concentration

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

a) An EMS ventilator shall provide at least two different settings for the inspiratory oxygen
concpntration.

b) An EMS ventilator shall be capable of delivering gas to the patient containing an oxygén
concentration over the range of flowrates indicated in the instructions for use:

1) ofatleast 85 % of the input oxygen concentration in one setting; and
2) of no greater than 65 % of the input oxygen concentration in a second setting.

c) An EMS ventilator intended to provide an inspiratory volume of {ess’than 50 ml shall be equipp¢d
with|an oxygen concentration setting with a delivery error of nét more than 20 %.

1) Suich an EMS ventilator shall have an oxygen concentration setting range from room air to 85 Yo
of the input oxygen concentration.

Check copformity by inspection of the instructions for use and functional testing.

201.15.103 Accessory self-check

a) An EMS ventilator should be equipped with means that allow the determination of whether or npt
the VBS resistance and compliance eharacteristics are outside the values necessary to maintajn
normal operation.

NOTE Additional requirements are found in 201.7.9.2.8.101.
b) Thisjmeans may require-gperator action.
Check copformity by fufictional testing.

201.1 ME systems

IEC 606011-1<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) be part of the EMS ventilator; or
b) form an ME system with the EMS ventilator.

For accessories as part of the EMS ventilator, check conformity in combination with the EMS ventilator.

The testing need not to be repeated for each combination for a family of accessories with a family of
EMS ventilators. See 201.5 for worst-case combinations.
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For accessories forming an ME system with the EMS ventilator, apply the requirements of

[EC 60601-1:2005+AMD1:2012+AMD2:2020, 16.1. Check conformity by application of the
tests of IEC 60601-1:2005+AMD1:2012+AMD2:2020, 16.1, and by application of the relevant te

201.16.2.101 Additional requirements for power supply

relevant
sts.

a) An EMS ventilator, which depends on an external gas source to supply energy for ventilation shall

comprise an ME system with the external gas source.

b) A portable gas source shall indicate, as appropriate:

1) the gas source pressure;

2) remaining gas source volume; or

power.
c) The indication shall be:
1) visible from the intended operator's position; and

2) clearly legible under the conditions of 6.1 of IEC 60604~1-12:2014+AMD1:2020.

manometer is clearly  legible under  the conditions of
IEC 60601-1-12:2014+AMD1:2020, may-be used.

Check conformity by inspection and the relevanttests of IEC 60601-1-12:2014+AMD1:2020.

201.17 Electromagnetic compatibility of ME equipment and ME systen
IHC 60601-1:2005+AMD1:2012+AMD2:2020, Clause 17 applies.

Idition:

A

2/01.101 Gas connections

2P1.101.1 Protection against reverse gas leakage
N

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

For an EMS-ventilator with two or more high-pressure inlets,

system of the same gas to a flowrate less than 100 ml/min in normal condition or sif

3) for an oxygen concentrator, the remaining run time prior to exhaustion of’its source of glectrical

i) A pressure reducer with manometer mounted to the portable gas source, where the

b.1 of

a] means shall be provided to limit reverse gas leakage flowrate from gas intake ports into the supply

gle fault

Zondition
COMtTcro1t:

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.
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201.101.2 Connection to a high-pressure inlet

201.101.2.1 Low-pressure hose assembly

If an operator-detachable low-pressure hose assembly is provided for connection between the
EMS ventilator and either the medical gas pipeline system or a pressure regulator, it shall conform with
ISO 5359:2014+AMD1:2017.

Check conformity by application of the tests of ISO 5359:2014+AMD1:2017.

201.101.2.2 Filter
NOTE 1 [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 t© 100 pm.

NOTE 2 [The need for particle filtration in oxygen-enriched environments including the propet ‘choice of filter
materials|is discussed in ISO 15001:2010.

NOTE 3 [Depending on the sensitivity against particles of the components used in‘the gas pathways (e.g. flqw
sensors) o particles, filtration of smaller particles can be needed.

Check copformity by inspection.
201.101.3 VBS connectors

201.101{3.1 General

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

a) Operator-detachable VBS connectors through which the main flow of gas to or from the patiept
passgs in normal condition, excluding the patient-connection port:

1) shall be:

1) a 15 mm connector conforming with ISO 5356-1:2015;
i) a22 mm connector conforming with ISO 5356-1:2015; or

ii) for an EMS ventilator only intended for tidal volumes of <300 ml, a 11,5 mm connectpr
conforming with’ISO 5356-1:2015 for a neonatal or paediatric use VBS; or

2) may be a non-cenical connector that does not engage with a conical connector conforming with
190 5356-1:2015.

Check copformity=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 ISO 5356-1:2015;
b) a 22 mm conical cone connector conforming with ISO 5356-1:2015; or
c) acoaxial 15 mm/22 mm conical connector conforming with ISO 5356-1:2015.

Check conformity by application of the tests of ISO 5356-1:2015.
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201.101.3.2.2 Gas output port and gas return port

a) The gasoutput port and the gas return port shall be one of the following

1) a 22 mm conical cone connector conforming with ISO 5356-1:2015.
2) a 15 mm conical cone connector conforming with ISO 5356-1:2015.

3) acoaxial 15 mm/22 mm conical connector conforming with ISO 5356-1:2015.

al

N

N
cq

introduction of liguids.

ISO 5356-1:2015.

Notwithstanding this requirement, an EMS ventilator only intended for inspiratory vg
<300 ml, may be equipped with a gas output port and a gas return port using-a 11,5 mr
cone connector conforming with ISO 5356-1:2015.

neck conformity by application of the tests of ISO 5356-1:2015.

D1.101.3.2.3 Flow-direction-sensitive components

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

hy flow-direction-sensitive component of the VBS detachable without the use of a tool sh
bsigned that it cannot be fitted in such a way that it presents an unacceptable risk to the patier

neck conformity by inspection of operator-detachable flow-direction-sensitive compon
spection of the risk management file.

D1.101.3.2.4 Gas pathway connectiofiport

DTE 1 There is guidance or rationale for this subclause contained in Clause AA.2.
If provided, each accessory port-shall:
1) be provided with a medns to secure the accessory in position; and

2) be provided with a means to secure closure after removal of the accessory.

DTE 3 This port conthécts to the gas pathway and is generally used e.g. for measuring gas concentrati

DTE 4 For the purposes of this document, the temperature probe port specified in 1SO 80601-2
nsideredwan accessory port.

4) a non-conical connector that does not engage with a conical connector conformfing with

lumes of
n conical

all be so
t.

ents  and

ons or for

74 is not

The gas pathway connection port of a EMS ventilator, VBS or accessory may confq

rm with

©

I50 60569-7:2021.
A gas pathway 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 control measure, the safety sign 1SO 7010-M
IEC 60601-1:2005+AMD1:2012+AMD2:2020, Table D.2, safety sign 10).
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2) include in its instructions for use a warning to the effect that “Warning: As this [insert name of
medical device here] uses a Luer connector for other than intravascular or hypodermic 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.

201.101

=
J

a) Ifad
ISO §

NOT
gas s

b) An EMS ventilator shall be designed so that any provided gas exhaust port is,not obstructed during

inten

Check co

201.101

An EMS
cannot b

EXAMPLE
planar ge

Check co
201.1¢

201.10%
NOTE

All EMS
essential
whether
manufacf

Check co

201.10%

2.7 Go ) f Ja el
Duketn Udo CArnmiuust l.llll (2

onnector is provided for the gas exhaust port, it shall be a 30 mm connector conforming jwi
356-1:2015.

L,

E A 30-mm connector conforming with ISO 5356-1:2015 is suitable for connection te,an“anaesthes
cavenging system (AGSS) that conforms with ISO 80601-2-13.

ded use.

hformity by inspection and application of the tests of ISO 5356-1¢2015.

3.2.6 Gas intake port

bentilator that incorporates a gas intake port shall be.désigned such that the gas intake po
e blocked by a flat surface.

A gas intake port incorporating a protective cageyér-with multiple intake orifices arranged in a no
metry.

hformity by functional testing.
2 Requirements for the VBS and accessories

.1 General

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

ventilator breathing'systems, their parts and accessories that can affect the basic safety
performance of the”EMS ventilator shall conform with the requirements of this documer
they are produced by the manufacturer of the EMS ventilator or by another entity (“third-par
urer” or hedlthcare provider).

hformity by the tests of this document.

.2~ Labelling

th

ia

I
't,
by

a) The accompanying document provided with each VBS, its parts or accessories, conforming with
201.102.1, shall include the model or type reference of at least one compatible EMS ventilator.

b) Statements shall be included in the accompanying documents of each EMS ventilator breathing

syste

m, part or accessory to the effect that:

1) ventilator breathing systems, their parts and accessories are validated for use with specific
ventilators;

2) incompatible parts can result in degraded performance; and
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3) the responsible organization is responsible for ensuring the compatibility of the ventilator and

all of the parts used to connect to the patient before use.

Check conformity by inspection of the accompanying document.

201.102.3 Breathing sets

Breathing sets, other than heated breathing sets, intended for use in the VBS shall conform with
[SO 5367:2014, 5.3.4.

C

2
N

A
th

a
b]
C

2

neck conformity by application of the tests of 150 5367/:2014.

01.102.4 Water vapour management

DTE  There is guidance or rationale for this subclause contained in Clause AA.2.
D1.102.4.1 Humidification system
DTE  There is guidance or rationale for this subclause contained in Clause AA.2.

hy humidifier, including heated breathing tubes, either incorporated into the EMS ven{
commended for use with the EMS ventilator, shall conform with ][SO-80601-2-74:2021.

neck conformity by application of the tests of ISO 80601-2-74:2021.

D1.102.4.2 Heat and moisture exchanger (HME)

hy heat and moisture exchanger, either incorporated.into the VBS or recommended for use
BS, shall conform with:

IS0 9360-1:2000; or
IS0 9360-2:2001.
neck conformity by application of-thetests of ISO 9360-1:2000 or ISO 9360-2:2001.

01.102.5 Breathing system filters

ny breathing system filter,-either incorporated into the EMS ventilator or recommended for
e EMS ventilator, shall.conform with the relevant requirements of:

[SO 23328-1:2003; and
ISO 23328<2:2002.

neck conformity by application of the tests of ISO 23328-1:2003 and ISO 23328-2:2002.

ilator or

with the

use with

1:102.6 Leakage from complete VBS

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

Unintended leakage from the VBS should not exceed:

a)

200 ml/min at 50 hPa (50 cmH,0) for an EMS ventilator intended to provide a tidal volume greater

than 300 ml;

b) 100 ml/min at 40 hPa (40 cmH,0) for an EMS ventilator intended to provide a tidal volume

©

300 ml and 50 ml; and

50 ml/min at 20 hPa (20 cmH,0) for an EMS ventilator intended to provide a tidal volume
50 ml
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201.103 Spontaneous breathing during loss of ventilation

a) A protection device shall be provided to allow spontaneous breathing when normal ventilation is
compromised as a result of the electrical or pneumatic supply power being outside the values
necessary for normal operation.

b) Under these conditions, the inspiratory and expiratory pressure drop measured at the patient-
connection port with all recommended accessories in place shall not exceed 6,0 hPa (6,0 cmH,0) ata

flowrate of:

1) 3
2) 1
3) 2

NOTE

conditions.

Check cq
patient-c
produces

201.1(

NOTE

a) The
EMS

1) aytomatically; or

2) by
b) The
1) th
2) th
Check co

201.1(

D I/min for an EMS ventilator intended to provide a tidal volume, V; =2 300 ml;
b 1/min for an EMS ventilator intended to provide a tidal volume, 300 ml 2 V.; > 50 ml;
5 1/min for an EMS ventilator intended to provide a tidal volume, V; < 50 ml.

This requirement is intended to allow the patient to breathe spontaneotsly’ under compromised

nformity by functional testing and measurement of flow, pressure, and resistance at the
bnnection port with that combination of accessories indicated in the instructions for use whi¢h
the highest pressure drop.

4 Indication of duration of operation

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

EMS ventilator should have means to indicate visually the cumulative hours of operation of the
ventilator, either:

 operator action.

MS ventilator should also'have means to indicate visually:

e time since the last-preventive maintenance; or

e time until the next recommended preventive maintenance.
hformityaby inspection.

5 Functional connection

201.105.1 General

Basic safety and essential performance shall be maintained if connections to a functional connection of an
EMS ventilator are:

a) disrupted; or

b) if the equipment connected to those parts fails.

Check conformity by functional testing.
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201.105.2 Connection to an electronic health record

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

a) An EMS ventilator should be equipped with a functional connection that permits data transmission
from the EMS ventilator to an electronic health record.

b) The data transmission should be capable of transmitting the information described in Annex BB.

201.105.3 Connection to a distributed alarm system

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

Anh EMS ventilator should be equipped with a functional connection that permits,connection to a
distributed alarm system.

2/01.106 Display loops

2P1.106.1 Pressure-volume loops

a] Ifan EMS ventilator is provided with the display of pressure-volumeloops the graph shall yse:
1) inspiratory volume on the vertical axis; and

2) airway 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 conformity by inspection.

2P1.106.2 Flow-volume loops
a)] Ifan EMS ventilator is provided with the display of flow-volume loops, the graph shall use:

1) flowrate on the(vertical axis; and
2) inspiratory.volume on the horizontal axis.
b) Positive values shall be on the top and the right of the display.

c) GaSrflow to the patient (inspiratory flow) and increases in inspiratory volume shall bg positive
values.

d) The volume shall be reset to the origin at the beginning of each breath.

e) The EMS ventilator may be provided with an additional optional display configuration for the flow-
volume loop where gas flow from the patient (expiratory flow) is represented as a positive value.

Check conformity by inspection.

201.107 Timed ventilatory pause

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

© 1SO 2023 - All rights reserved 61


https://standardsiso.com/api/?name=b5c02dbaeb0a44da43898cae71416960

I1SO 80601-2-84:2023(E)

201.107.1 Expiratory pause

a) An EMS ventilator may be equipped with an operator-controlled means to pause the EMS ventilator
in expiration.

b) If an EMS ventilator is equipped with a means to pause the EMS 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) Ifan EMS ventilator is equipped with a timed means to pause the EMS ventilator in expiration,

1) tHe duration of the expiratory pause may be:

1) responsible organization-configurable; or

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

i) operator-adjustable.

2) dyiring the expiratory pause, any apnoea-related ventilatoryl alarm condition that would be
cgused by this expiratory pause shall be:

1) audio paused; or
1i) alarm paused

far the duration of the expiratory pause.

3) il addition to the requirements - for alarm signal inactivation in 6.8.5 pf
IHC 60601-1-8:2006+AMD1:2012+AMD?2:2020, the EMS ventilator shall indicate the presence pf
the expiratory pause with at least:

1) aninformation signal; or
i) alow priority alarm candition.

NOTE 2 [An expiratory pause can be equivalent to placing the EMS ventilator into standby mode or CPAP and
automatidally resuming ventilatiom after a pre-determined duration.

NOTE 3 [The expiratory-paiise can be used to permit defibrillator ECG analysis with a deflated lung.

Check copformity*by inspection and functional testing.

201.107.2~ ‘Inspiratory pause

A PALC Vi) s 1 - | 141 4 4 Hod & 4 3
a n LCivio—ventiratot idy DT TUUIpptu  WILL 4l Upcrutur=CulItruiicu 11I1cdlis tu - pdustT auatomatic

ventilation at end-inspiration.
b) If an EMS ventilator is equipped with a means to pause the EMS ventilator in inspiration,
1) more than one inspiratory pause function may be provided.
2) the maximum duration of a non-adjustable inspiratory pause shall be 10 s.
3) the maximum allowable duration of an adjustable inspiratory pause shall be 40 s.

4) means may be provided to initiate the inspiratory pause from a functional connection.
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If a EMS ventilator is equipped with a timed means to pause the EMS ventilator in inspiration,
1) the duration of the inspiratory pause may be:

i) non-adjustable;
ii) responsible organization-configurable; or

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

Check conformity by inspection and funetional testing.

2|02 Electromagnetic disturbances — Requirements and tests

2p2.4.3.1 Compliance criteria

NPTE  Thereis'guidance or rationale for this subclause contained in Clause AA.2.

Amendment (replace the second dash of 4.3.1 with):

ii) npprnfnr-ndjnthlp

2) the high-pressure alarm condition and protection device of 201.12.4.105 shall rémdin active

during an inspiratory pause.
3) during the inspiratory pause, any:

i) apnoea alarm condition; or

ii) sustained airway pressure alarm condition

that would be caused by this inspiratory pause should, for the duration of the inspiratdry pause,

be:
iii) audio paused; or

iv) alarm paused.

4) in addition to the requirements for >alarm signal inactivation of 6.8.5 of
IEC 60601-1-8:2006+AMD1:2012+AMD2:2020}the EMS ventilator shall indicate the prgsence of

the inspiratory pause with

i) atleastan information signal; ot

ii) alow priority alarm condition:

C60601-1-2:2014+AMDZ:2020 applies except as follows:

- _the' EMS ventilator operated using the worst-case conditions and parameters of Tablg
ar Table 201.105 selected by intended tidal volume, as appropriate. During this testing,

volume and pressure alarm limits to their least sensitive levels.

202.5.2.2.1 Requirements applicable to all ME equipment and ME systems
Amendment (add note to list element b)):

NOTE  The requirements of this document are not considered deviations or allowances.

Addition:

202.8.1.101 Additional general requirements

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

©
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a) 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;

4) Chaugc Uf VClltl.l’Mtl.Ull IllUdC,
E}
5) in

6) di

b) The
perf

perfarmance.

206 Usgability

IEC 6060/1-1-6:2010+AMD1:2013+AMD2:2020 applies except as follows:
Addition|
206.101 Primary operating functions

a) For dn EMS ventilator, the following shall be considered primary operating functions:

1ii) PEEP of individual inflations deviating by more than 5 hPa from the PEEP measured pripr

fv) delivered FiO, averaged over a one min interval deviating by more than the deviatign

(AMPLE Change of inflation-type, ventilation-mode, set rate, I:E ratio.
itiation of an unintended operation;

iring the testing, the error of the:

) inspiratory volume of individual inflations deviating by more than 35% of the inspiratoly

volume measured prior to the test;

i) inspiratory volume averaged over a one-minute interval deviating by more than 25 % of the
inspiratory volume measured prior to the test;

[) One-minute averaged testing need not be perforined if the volume of individual
inflations does not deviate by more than 25 %.

to the test; and

disclosed by the manufacturer in the instructions for use.

[) One-minute averaged testing need-not be performed if the FiO;of individual inflations
does not deviate by more than the deviation disclosed in the instructions for use.

FMS ventilator may exhibit tempofrary degradation of performance (e.g. deviation from the
prmance indicated in the instructions for use) that does not affect basic safety or essentiul

1) setting the operator-adjustable controls from the intended operator's position;

i) setting alarm limits;
ii) inactivating alarm signals;
iii) switching between different ventilation-modes and inflation-types;

iv) setting ventilation control parameters;

EXAMPLE 1 Tidal volume, set rate, BAP, pressure support

2) observing and identifying the monitored ventilation parameters from the intended operator'’s
position;

64
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EXAMPLE 2 Airway pressure and expired volume
EXAMPLE 3  FiO, or etCO,

observing and identifying:

i) the alarm signals; and

ii) the alarm signal inactivation states;

5)

6)

7)

8)

9)

TECOEMIZINE the presence of am afarim condition T tre imterded use environments
intended operator positions;

EXAMPLE 4  The operator in the ambulance next to the patient.

EXAMPLE 5  The operator at the scene of an emergency situation with sirens and flashing e
lights.

setting the operator-adjustable controls while a portable EMS ventilator is being carried

i) setting alarm limits;

ii) inactivating alarm signals;

iii) switching between different ventilation-modes-and inflation-types;
iv) setting ventilation control parameters;

EXAMPLE 6 Tidal volume, set rate, BAP, pressure support

observing and identifying the monitered ventilation parameters while the portd
ventilator is being carried;

EXAMPLE 7  Airway pressure and expired volume
configuring

i) the VBS, including
ii) connection.ofthe detachable parts of the VBS to the EMS ventilator;
EXAMPLE8 HME, tubing, breathing system filter

connecting or disconnecting the patient-connection port of the VBS to the patient interfa

starting the EMS ventilator from power off;

10Y " turning off the EMS ventilator;

rom the

mergency

ble EMS

Ce;

11) performing a basic pre-use functional check of the EMS ventilator including the alarm system;

12) connecting the EMS ventilator:

i) to each gas supply indicated in the instructions for use including, if applicable
[) when attached in the ambulance; or
II) within its carrying case;

ii) to each power source indicated in the instructions for use, including, if applicable
[) when attached in the ambulance; or

1) within its carrying case; and

© IS0 2023 - All rights reserved
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13) processing the EMS ventilator between patient uses.

EXAMPLE9  Readying the EMS ventilator for use on the next patient. See also 201.11.6.6.

b) The following functions, if available, also shall be considered primary operating functions:

1) starting ventilation from standby;

2) activating standby;

3) atltaching the portable EMS ventilator to an ambulance;

4) cd
5) sg
6) sd

c) The
funct

NOTE

funct]

1) ifjprovided, adding medication to the gas flowing into the'patient; and

2) u
us

206.10%

NOTE

For an F}
shall be d

a) theod

b) thed

208 Ge¢
el

EKAMPLE 10  Nebulisation or injecting fluids into an‘accessory port connection of the VBS.

nnecting and disconnecting a distributed alarm system;
tting of the adjustable high-pressure alarm limit to values exceeding 60 hPa (60'¢mH;0); and
tting of the airway pressure to values exceeding 60 hPa (60 cmH0).

following actions associated with ventilation also shall be considered primary operating
ions:

For the purposes of this document, the following function§-are considered primary operating
fons even though they might not be performed on the EMS ventilator’s operator interface.

hderstanding the need for alternative means of ventilation as indicated in the instructions fpr
e.

Training
There is guidance or rationale far, this subclause contained in Clause AA.2.

1S ventilator, in the application of the requirements of IEC 62366-1:2015, 5.6 and 5.8, training
onsidered necessary\for both:

perator; and

esignee of the responsible organization (e.g. service personnel or processing personnel).

neral requirements, tests and guidance for alarm systems in medical

petrical equipment and medical electrical systems

IEC 6060

1-1-8:2006+AMD1:2012+AMD2:2020 applies except as follows:

208.6.3.2.2.1 4 m (distant) visual alarm signals

NOTE 1

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

Amendment (Add prior the first paragraph):

An EMS ventilator shall be equipped with 4 m (distant) visual alarm signals.

Addition:
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208.6.8.3.101 Additional requirements for global indefinite alarm signal inactivation
states

An EMS ventilator shall not be equipped with a means to initiate a global alarm off while connected to a
patient.

Check conformity by functional testing.

208.6.8.4.101 Additional requirements for termination of alarm signal inactivation

NOTE1 Thereis gnir‘]anr‘n orrationale for this subclause contained-in Clause AA.2

NPTE 2 This permits an operator to deliberately extend the duration of audio paused by no more f
following each direct action.

Check conformity by functional testing.

1 000 events in total.

Viewing the responsible organization alarm .system log shall be restricted to the re¢
organization in accordance with IEC 60601-1-8:2006+AMD1:2012+AMD2:2020, 6.7.

The duration of audio paused and alarm paused for the alarm conditions required by this. docament shall
not exceed 120 s without operator intervention.

han 120 s

2p8.6.12.3 Responsible organization alarm system logging
Replacement:
a] A EMS ventilator shall be provided with a responsible~organization log with a capacity of at least

sponsible

The responsible organization alarm systém log shall include all of the information contained in the

operator alarm system log, if an operator alarm system log is provided.

The responsible organization glarim system log shall contain:

1) the EMS ventilator settings; and

2) each change of those settings.

EXAMPLE 1 Theéewname of the ventilator preset in use and any changes made to it.
The respofisible organization alarm system log shall contain:

1) thewalarm settings; and

2) “each change of those settings.

g)

h)

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 entries in

the responsible organization alarm system log.

The responsible organization alarm system log shall be retained when the alarm system is
down.

powered

The technical description shall indicate what happens to the contents of the log after the alarm

system has experienced an unexpected total loss of power (supply mains and internal
power source).

© IS0 2023 - All rights reserved
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i) 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.

alarm system should log technical alarm conditions for servicing and maintenance purposes.
log should not be resettable or editable by operator action.

i) The
This

k) The
inter]

Check co

212 Re

Sy
en

IEC 6060

212.4.2

Amendm

aa) whet
bb) whei

212.8.1
NOTE

Amendmlent (in the first sentence of the first paragraph):

Replace °

212.8.2
ME equ

Amend

aa) The
pow

log may be provided either within the equipment or remotely through a communications
face.

hformity by inspection and functional testing.

tquirements for medical electrical equipment and medical electrical
stems intended for use in the emergency medical services
vironment

1-1-12:2014+AMD1:2020 applies except as follows:

2.1 Continuous operating conditions

ent (replace the first dash with):

e permanently installed or fixed, a temperature range of 0 °C to +40 °C; or
e not permanently installed or fixed, a temperature range of -10 °C to +40 °C.

1 Ingress of water or particulate.matter into ME equipment

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

[P33’ with ‘IP34’.

Additional requirements for interruption of the power supply to
ment and ME system
ent (replacethe’paragraph following note 2 with):

'MS ventilator shall be equipped with a means to determine the power source that is currently
eringthe EMS ventilator.

Amend

bb) An EMS ventilator shall be equipped with an alarm system that detects

1) a

in

technical alarm condition or presents an information signal to indicate a switchover to an
ternal electrical power source.

i) The switchover to an internal electrical power source alarm condition shall be at least a low

2) a

priority.

technical alarm condition to indicate when the internal electrical power source nears depletion,

prior to the loss of all power.
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i) The internal electrical power source nears depletion alarm condition shall be at least a

medium priority.

ii) As the internal electrical power source nears depletion, at least 5 min prior to depletion, the
internal electrical power source nears depletion technical alarm condition shall escalate to

high priority.

3) atechnical alarm condition to indicate a complete loss of all power sources.

i) The duration of the alarm signals for this technical alarm condition shall be at least 120 s.

In the first paragraph, replace '20 min' with '2 h'.

Amendment (add before the compliance check):

aa) The instructions for use shall describe behaviour of recharging of the internal electrical pow
while the EMS ventilator is connected to each supply mains.

212.10.1.2 Requirements for mechanical strength for fixedor permanently in
ME equipment intended for use in a road ambulance

Amendment (replace the second paragraph with the following):
aa) While performing the tests of IEC 60601-1-12:2014+AMD1:2020, 10.1.2 a), the EMS ventild
1) shall be operating and maintain basic safety and.essential performance; and

2) may exhibit the temporary degradation of ‘performance of inspiratory volume or PH
single inflation for each shock impulse.

bb) While performing the test of IEC 60601-1-12:2014+AMD1:2020, 10.1.2 b), the EMS ventil
be operating. After this test, the~EMS ventilator shall maintain basic safety and
performance.

212.10.1.3 Requirements for mechanical strength for transportable ME equip

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

Amendment (replacethe second paragraph with the following):

aa) While performing the tests of [IEC60601-1-12:2014+AMD1:2020, 10.1.3
IEC 60601-1-12:2014+AMD1:2020, 10.1.3 c), the EMS ventilator:

1) shall'be operating and maintain basic safety and essential performance; and

2) ‘'may exhibit the temporary degradation of performance of inspiratory volume or PR

Tyipment

er source

stalled

tor:

'EP for a

itor shall
essential

ment

h) and

'EP for a

single inflation 1or each shock impulse.

bb) While performing the test of IEC 60601-1-12:2014+AMD1:2020, 10.1.3 b), the EMS ventilator shall

be operating After this test, the EMS ventilator shall maintain basic safety and
performance.

Replace the fall height list item in c) with:
— fall height:

— formass<1kg 1,0 m,

— for mass > 1 kg and <50 kg, 0,75 m,

© IS0 2023 - All rights reserved
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— for mass >50kg, 0,1 m,
— number of falls: 2 in each specified attitude.

212.10.1.4 Requirements for mechanical strength for ME equipment intended for
airborne use
Amendment (replace the second paragraph with the following):

While performing the tests of IEC 60601-1-12:2014, 10.1.4, the EMS ventilator shall be operating and
maintainfng basic safety and essential performance.

The anngxes of the IEC 60601-1:2005+AMD1:2012+AMD2:2020, apply, except as follows:
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Annex C
(informative)

Guide to marking and labellilrvll%requirements for

ME equipment and systems

CoU6U1-1:2005+AMDI:2012+AMDZ:2020, Annex C applies, except as tollows:

Adldition:

fa

201.C.1 Marking on the outside of ME equipment, ME systems‘or their

Aflditional requirements for marking on the outside of an EMS ventilator, its-parts and access
und in Table 201.C.101.

Table 201.C.101 — Marking on the outside of an EMS ventilator,

its parts or accessories

Description of marking

Subclause

Arrow indicating the direction of the flow for flow-directiofi;sensitive components, if
applicable

201.7.2.101 c) 3)

Arrow indicating the intended direction of gas flow for the gasoutput port and the gas return
port

201.7.2.101d) 2)

For a sampling gas inlet, either with the text “Gas sample” or the Symbol ISO 7000-0794

201.7.2.101d) 3)

For accessories supplied separately, indication of\any limitations or adverse effects of the
accessory on the basic safety or essential performance of the EMS ventilator, if applicable

201.7.2.4.1014) 2)

For accessories supplied separately, the marking requirements of ISO 20417:2021, 6.1.1 c)

201.7.2.4.1014) 1)

For an EMS ventilator intended to pe used in the magnetic resonance (MR) environment,
symbol 7.3.1-1 (Table 201.D.2.101,.symbol 4) or Symbol 7.3.1-2 (Table 201.D.2.101, symbol 5)
of IEC 62570:2014 for an ‘MR Safe’ ventilator

201.7.2.101 c) [1) i)

For an EMS ventilator intended to be used in the magnetic resonance (MR) environment,
symbol 7.3.2 (Table 201.D:2:101, symbol 6) of IEC 62570:2014 for an ‘MR Conditional’
ventilator

201.7.2.101 ¢) [1) ii)

For an EMS ventilator not intended to be used in the magnetic resonance (MR) environment,
symbol 7.3.3 (Tahle 201.D.2.101, symbol 6) for an ‘MR Unsafe’ ventilator

201.7.2.101 c) 2)

For an oxygen concentration control with an error exceeding 20 %, not quantitative 201.7.4.2 aq)
numerical concentration values

Forexygen gas inputs, the rated range of oxygen concentration 201.7.2.18 cf)
Gas name or chemical symbol for any gas-specific inputs 201.7.2.18 ap)
Gas volume, flowrate and leakage specifications in STPD except for those associated with the 201.7.4.3

VBS in BTPS

Gas-specific colour coding for any gas-specific inputs, if applicable

201.7.2.18 dd)01

Mandatory action safety sign: follow instructions for use 201.7.2.3
Quantitative numeric indications of parameters and settings with the units of measurement 201.7.4.101
Rated range of gas pressure 201.7.2.18 bb)
Requirements of ISO 20417 201.7.1.101

Start-up procedure that is intended to be performed prior to use

201.7.2.101 a)

Symbol or safety sign, as appropriate, for ISO 80369-7 to the gas pathway

201.101.3.2.4 c)

Warning not to obstruct the gas intake port, if applicable

201.7.2.101d) 1)

© IS0 2023 - All rights reserved
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201.C.2 Accompanying documents, general

Additional requirements for general information to be included in the accompanying documents of an
EMS ventilator or its parts are found in Table 201.C.102.

Description of requirement Subclause
EMS ventilator is a high-flow device warning, if applicable 201.4.11.101.2 b) 3) iii)
For dach VBS and accessory, the model or type reference of at least one compatible EMS 201.102.2 a)
ventifator
For ¢ach VBS, part and accessory, a statement to the effect that ventilator breathing 201.102.2 b)1l)
systdms, their parts and accessories are validated for use with specific ventilators
For dach VBS, part and accessory, a statement to the effect that incompatible parts can 201.102.2'b) 2)
result in degraded performance
For pach VBS, part and accessory, a statement to the effect that the responsible 201.102.2 b) 3)
orgahization is responsible for ensuring the compatibility of the ventilator and all of the
partq used to connect to the patient before use
Maximum time-weighted average input flow for each gas, if applicable 201.4.11.101.2b) 3) i)
Maximum transient input flow for each gas, if applicable 201.4.11.101.2 b) 3) ii)
Requirements of ISO 20417 201.7.1.101
201.C.3 Accompanying documents, instructions for use
Additiongl requirements for information to be includediin the instructions for use of an EMS ventilator
its parts are found in Table 201.C.103.
Table 201.C.103 — Instructions for use
Description‘of requirement Subclause
Accufacy of expired volume monitorifgequipment, if so equipped 201.12.4.103 b) 3)
Accufacy of the inspiratory volumeé-wonitoring equipment, if so equipped 201.12.1.104
Any feasonably foreseeableLadverse effect of any recommended accessory on the basic | 201.7.9.2.14.101 b) 2)
safety or essential performance of the EMS ventilator, if applicable
At leqst one set of aeCessories 201.7.9.2.14.101a) 1)
A-wdighted sound power level emitted by the EMS ventilator 201.9.6.2.101 b) 2)
A-wdighted-sound pressure level emitted by the EMS ventilator 201.9.6.2.101 a) 2)
Behaviour of recharging of the internal electrical power source while the EMS ventilator is 212.8.3 aa)
connected-to-each-supphmains

72

Table 201.C.102 — Accompanying documents, general

pr

Conditions under which the EMS ventilator maintains the accuracy of controlled and
displayed variables

201.7.9.2.9.101 ¢)

Cross reference between the manufacturer-specific naming of the EMS ventilator's
ventilation-modes and the ventilation-mode systematic coding scheme of ISO 19223

201.7.9.2.9.101 1)

Description of how to connect and test the connection of a distributed alarm system, if
provided

201.7.9.2.9.101 €)

Description of the algorithm that determines the alarm limit values of expired volume

moni

toring equipment, if so equipped

201.12.4.103 )
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Description of requirement

Subclause

Disclosed accuracies of expired volume monitoring equipment include the effect of rated
input oxygen concentration, if so equipped

201.12.4.103 b) 4)

Disclosure of any restrictions on the placing of components within the ventilator
breathing system, if applicable

201.7.9.2.14.101 b) 1)

FiO2 accuracy includes effects of rated input oxygen concentration

201.12.1.101 b) 3) i)
201.12.1.102 b) 3) i)

For accessories supplied separately where marking the accessory is not practicable, the

201.7.2.4.101b)

requirements of 201.7.2.4.101

Information on how to connect CO, monitoring equipment, unless such equipment is an
integral part of the EMS ventilator

201.12(4\106 ¢

—

Information on how to connect O, monitoring equipment, unless such equipment is an
integral part of the EMS ventilator

201.12.4.101 ¢)

Information on how to connect the expired volume monitoring equipment, if not (se
equipped

201.12.4.103 b) 1)

Intended position of the operator 201.7.9.2.1
Intended range of inspiratory volume 201.7.9.2.1.10a)
Maximum duration of a system recovery of ventilation 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

201.12.1.102 b] 1)

Maximum error of the inspiratory oxygen concentration (FiOy) at the patient-connection

port in relation to the set value for a volume-control(inflation in normal condition, if
provided

201.12.1.101 b} 3)

Maximum error of the inspiratory oxygen concenttation (FiO,) at the patient-connection

port in relation to the set value for a pressure-control inflation-type in normal condition, if
provided

201.12.1.102 b) 3)

Maximum error of the inspiratory volunte’in relation to the set value for a volume-control
inflation in normal condition

201.12.1.101 b} 1)

Maximum error of the PEEP in.relation to the set BAP for a pressure-control inflation-type
in normal condition

201.12.1.102 b} 2)

Maximum error of the-PEEP in relation to the set BAP for a volume-control inflation in
normal condition

201.12.1.101 b} 2)

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

201.7.9.2.14.101 h) 2)

Means by whieh the maximum working pressure is ensured

201.7.9.2.9.1014) 3)

Method by which all of the alarm signals can be functionally tested to determine if they
are @perating correctly

201.7.9.2.8.101}b)

Performance and acceptance criteria for other inflation-types, including effects of rated
oxygen concentration, if so equipped

201.12.1.103

Pre-use checklist

201.7.9.2.8.101 a)

Processing instructions for gas pathways of the EMS ventilator and its accessories that can
become contaminated

201.11.6.6 bb) 3)

Processing instructions for the enclosure of the EMS ventilator and its accessories

201.11.6.6 dd) 2)

Range of maximum limited pressure

201.7.9.2.9.101a) 1)

Rated range of expiratory gas pathway resistance over which the accuracies of set and
monitored volumes and pressures are maintained

201.7.9.2.9.101b) 2)

Rated range of inspiratory gas pathway resistance over which the accuracies of set and
monitored volumes and pressures are maintained

201.7.9.2.9.101b) 1)

Rated range of VBS compliance over which the accuracies of set and monitored volumes

201.7.9.2.9.101b) 3)
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Description of requirement

Subclause

and pressures are maintained

Rated range to which the maximum working pressure can be set, if adjustable

201.7.9.2.9.101 a) 2)

Requirements of ISO 20417

201.7.1.101

Statement to the effect that the ventilator is to be equipped with O, monitoring

equipment for the measurement of inspiratory oxygen concentration before being put
into service, if not so equipped

201.12.4.101 a) 2)

ant to tha affact thor +h o veptiateriste ha cauinoad zith s ot i g Aot At
tHe-erecttiat—+tie

2041 1’)/]1(\Qn\')\

%
Stateprent-te s-te-be-equipped-with-meniterin S-eqtHpment

for ipdicating expired volume at the patient-connection port before being put into
servike, if not so equipped

(A ETE T T TE A ey )

Statgment to the effect that the ventilator is to be equipped with CO, monitoring

equipment for the measurement of expiratory carbon dioxide concentration before being
put into service, if not so equipped

201.12.4.106;a) 2)

Suminary of effects of respiratory rate on end-tidal gas reading accuracy, if provided

201.7,9.2.9.101 d)

Ventylation accuracy expressed as bias error and linearity error

201.12.1.101 a)
201.12.1.102 a)

Warning regarding ISO 80369-7 connections to the gas pathway, if equipped

201.101.3.2.4 ¢) 2)

Warning statement to the effect that do not add any attachments or accessories-to the
ventilator that are not listed as intended for use in combination with the ventildtor in the
instrlictions for use of the ventilator or accessory, as the ventilator might hot function
corrgctly leading to the risk of patient death or additional serious deterioration of health

201.7.9.2.2.101 a) 4)

Warning statement to the effect that do not cover the ventilator or plaeé’in a position that
affects the proper operation, including applicable examples

201.7.9.2.2.101 a) 2)

Warning statement to the effect that do not use the ventilator.in explosive environments.
Such|use might cause an explosion

201.7.9.2.2.101 b) 4)

Warning statement to the effect that the ventilator_acecuracy can be affected by the gas
addef by use of a nebuliser, if applicable

201.7.9.2.2.101 b) 3)

Warning statement to the effect that the vehtilator is intended to be continuously
attenyded by an operator. Failure to be in close/proximity to this ventilator can contribute
to patient death or serious injury

201.7.9.2.2.101a) 1)

Warning statement to the effect that)the ventilator shall not be used in a hyperbaric
chanpber, if applicable

201.7.9.2.2.101b) 2)

Warning statement to the @ffect that when using nebulisation or humidification, the
breathing system filters,can require more frequent replacement to prevent increased
resisfance and blockagé,if-dpplicable

201.7.9.2.2.101b) 1)

Warning statement.to the effect that, always have immediate access to alternative means
of vehtilation, which is ready for use, in order to reduce the possibility of patient death or
addifional deterioration of health

201.7.9.2.2.101a) 3)

Whether or not the EMS ventilator is intended for use with closed suctioning

201.7.9.2.9.101 g)

Wh 1] s £ 41 il W el s s 1
1C1Y PUILIUILS Ul I LIVIO VveTierrueor DUCCUIIIT

contaminated with body fluids or by contaminates carried by expired gases during both
normal condition and single fault condition

41 ) 41 1
UIc  yus putirtwuys LUITUUEI cdall

Al7.0.92.49 hY
VU lL.7.7.4.14 dd)

201.C.4 Accompanying documents, technical description

Additional requirements for information to be included in the technical description of an EMS ventilator

or its parts are found in Table 201.C.104.
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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 the method used to calculate end-tidal gas readings, if applicable

201.7.9.3.1.101 b) 2)

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

208.6.12.3 h)

cnurro) for a finite duration

Description of what happens to the contents of the responsible organization alarm system
log as it reaches capacity

208.6.123 i)]2)

Description of which of the alarm system checks are performed automatically

201%7.9.3.101|b)

Disclosure of the uncertainty for each disclosed tolerance

201.5.101.3f)

Essential technical characteristics of each recommended breathing system filter,(if
applicable

201.7.9.3.1.101p) 1)

Outside dimensions and mass of the EMS ventilator

201.7.9.3.1.101}a) 4)

Pneumatic diagram of the EMS ventilator, including a diagram for operator-detachable
parts of the EMS ventilator breathing system either supplied or recommeénded 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 techhiques for all measured or
computed variables that are displayed or used for contrel

201.7.9.3.1.101a) 1)

Summary description of the means of initiating and-terminating the inflation phase in each
ventilation-mode of the EMS ventilator

201.7.9.3.1.101/a) 3)

Technical details of the means for securing the EMS ventilator to avoid unwanted lateral
movement

201.9.4.3.101 f)
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Annex D

(informative)

Symbols on marking

[EC 60601-1:2005+AMD1:2012+AMD2:2020, Annex D applies, except as follows:

Table 201.D.2.101 — Additional symbols on marking

Symbol

Reference

Title and description

IEC 60878:2022
ISO 7000-0794

Input; entrance

To identify an entrance/for-example exhaust
gas entry for measurement (for example of
CO2 value).

For electrical \(signal) input use symbol
IEC 60417-5034.

IEC 60878:2022
[SO 7000-0795

Output;-exit

To 4dentify 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
IEC 62570:201%

MR Safe

To identify an item which poses no
unacceptable risks to the patient, medical
staff or other persons within the MR
environment.

When colour reproduction is not practical,
the symbol may be printed in black and
white. The use of the coloured icon is
strongly encouraged for the added visibility
and information provided by the colour.

IEC 60878:2022

Symbol 7.3.1-2
IEC 62570:2014

MR Safe

Alternative graphical symbol representation.
Same meaning as IEC 62570-7.3.1-1.

IEC 60878:2022
Symbol 7.3.2

MR Conditional
To identify an item which poses no

5] HY @

IEC 62570:2014

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 supplementary marking
that describes the conditions for which the
item has been demonstrated to be MR
Conditional.

Addition:
1
2
3
4
[=
76
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No Symbol

Reference

Title and description

IEC 60878:2022

Symbol 7.3.3 of
IEC 62570:2014

MR Unsafe

To identify an item which poses
unacceptable risks to the patient, medical
staff or other persons within the MR
environment.

Note - When color reproduction is not
practical, the symbol may be printed in black

and white. The use of the colored version is
dfar +h ddad

£ ol an oo IZiGl 1
stretgly-eneouragedfortheadded—vistpility

and information provided by the colér:

Aflditional Annexes:
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AA.1

Annex AA
(informative)

Particular guidance and rationale

General guidance

This Ann

those who are familiar with the subject of this document but who have not participated.in its

developn
for its py
rationale
those dey

AA.2

The numbering of the following rationales corresponds to the numbering of‘the clauses and subclauses

in this dd
— 201

ISO §
fact
the
Cong
10.

A ve
feedl
close
by th
or cq

The

not gdjust the ventilatign therapy settings based on measurement of these patient parameters.

The

para
auto
base

ex provides rationale for the important requirements of this document and is intended -for

nent. An understanding of the reasons for the main requirements is considered to be.eSsential
oper application. Furthermore, as clinical practice and technology change, it is believed thpt
for the present requirements will facilitate any revision of this document necessitated by
relopments.

Rationale for particular clauses and subclauses

cument. The numbering is, therefore, not consecutive.
1.1 — Scope

0601-2-84 ventilators are not considered a physiolegic closed-loop control system due to the
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.
equently, these parameters are considered @quipment variables as specified in IEC 60601-]L-

ntilator in a pressure-control inflgtion-type that uses the breathing system pressure as|a
back to control breathing system pressure is a closed-loop control system, but not a physiologlic
d-loop control system. The breathing system pressure is considered both a 'variable' influence¢d
e patient physical conditions‘and at the same time a 'feedback variable', but it is not a quantity
ndition measured from thepatient’s physiology.

batient'’s physical condition is a disturbance on the closed loop system but the ventilator dogs

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

d oh the measurement of physical variables related to the delivery of breathing gas to the

patidnt-connection port. In this sense the ventilator ends at the patient-connection port, (i.e. has

matic.adjustments of ventilator equipment parameters or generated alarm conditions are 0|$y

(0]

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 physiological 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 therapy provided to the patient based on the measured
physiological parameter. A ventilator will not titrate but will either stop ventilation or geherate an
alarm condition.

—+ 201.4.3.101 — Additional requirements for essential performance

The modern EMS ventilator with an active exhalation valve has differing ventilation-modeg that can
consist of multiple inflation-types. This is necessary as patient résponse to ventflation is
unpredictable. Patient-initiated breaths or inflations where the inspiration is terminatdd by the
patient can have characteristics that are different from those that.have been set by the pperator.
Essential performance as “ventilation within the alarm limits set-by the operator” is inglusive of
those inflations that the patient modifies outside of the ventilatory parameters set by the pperator,
but still within the alarm limits which are considered safe by the operator.

It is expected that the operator will set appropriate alarm limits which thereby define the|essential
performance for a particular patient.

The distributed essential performance criteriaCeaptured in Table 201.101 have been identified by
the committees as the minimum clinical\)performance necessary to reduce the possibility of
exposing the patient to unacceptable risk. Conformity criteria for some of the clausgs within
IEC 60601-1, this document and the other applicable collateral standards include ‘maintain
essential performance”. The committees have recognized the difficulty in confirming that all aspects
of essential performance are maintained when completing longer duration testing.

Footnote a to Table 201.101 indicates methods of evaluating delivery of ventilation as adceptance
criteria following specifie tests required by this document. It is intended to provide criterig that can
be used to easily verify that essential performance has been maintained. Although the degradation
of performance detailed in 202.8.1.101 are associated with immunity testing, the same crjteria are
intended to be.used when the conformity criteria from any other clause or subclaus¢ 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 confirnp that the
speeific requirements indicated in 202.8.1.101 that are likely to have an impact on specific clinical
performance are maintained after testing.

— 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 a 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 ventilation to continue.
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Many ventilators use one or more microprocessors to control ventilation and to provide monitoring
and alarm system functions. Software controlled equipment is inherently susceptible to single fault
conditions that can be transient in nature. For example, a processing element might stop responding
correctly as a result of a software defect, such as a buffer over-run or domain error; memory
corruption such as can occur due to ionising radiation; or in input error such as from
electromagnetic interference on a functional connection.

The risk of harm to the patient is reduced if, in addition to the ventilator providing alarm signals to
indicate the loss of ventilation due to a single fault condition, it can reset and resume ventilation.
This[might be implemented by having a watchdog processor that can detect the failure of]a
ventjlation-control software process and restart the ventilation-control processor into a known
statd.

In sqme cases, this procedure can also be applicable to single-fault conditions thatresult in nop-
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-téstart the blowsdr,
and hence resume ventilation, this reduces the risk of harm to the patient futther below that leviel
that pvould pertain if the ventilator were to remain inoperable, albeit with alarin signals active.

The fnanufacturer determines the appropriate system response to a systemfecovery process that fails fo
restdre full functioning. This could occur either because the single faultcondition is permanent in natuye,
or b¢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 toénter 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
direqt contact with the patient during normal-use. Also of concern are electrical hazards should any
circlitry be incorporated into the VBS. By e€nsuring that the gas pathways of the VBS and its parts ¢r
accessories are subject to the requiréments for applied parts, these issues are addressed by the
requiirements already in the general standard.

201|4.11.101 — Additionalrequirements for pressurized gas input

An EMS ventilator designed to be connected to a pressurised gas supply is required to continue to
operpte reliably throughout its rated range of supply pressures, but these pressures can only }Ee
maintained if the £MS 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 an EMS ventilatpr
shoulld be designed to prevent an unacceptable risk under possible single fault conditions of the
pressurised.gas supply.

Presturised medical gas anp]ipc inr‘hlding medical gas pipplinp systems and r‘y]indpr pressure
regulators conforming to current relevant standards, supply medical gases to gas-specific terminal
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 EMS 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.
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EMS 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 one gas drops below 280 kPa under
steady-state conditions, it is understood that an EMS ventilator cannot be expected to continue to
operate on this gas. However, it is required that in this case the EMS ventilator should detect the
unacceptable low pressure, produce an alarm signal and also, in the case of two pressurised gas
supplies, automatically switch to use the other gas source (oxygen or air) to drive the EMS
ventilator. This requirement is stated in subclause 201.13.12.

To ensure that the minimum pressure of 280 kPa can be maintained in practice, medical gas
pipeline systems supplying compressed medical gases through gas-specific terminal oitlets are
designed so that they can maintain this pressure at the input of gas-powered-devices whilst
supplying steady-state flows up to 60 1/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 pressur¢ drop, at
60 1/min, across the terminal unit and the hose assembly connecting the.deyice to the pipeline.

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 simultaneopsly. The
actual number will have 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 according to the
designated purpose of each area supplied. Recommended diversity factors are formtpilated to
ensure that the medical gas pipeline system is capable of supplying an average flow of 60/1/min to
the required proportion of terminal outlets. However, if the flow demand from many|adjacent
ventilators exceeds 60 1/min there is an incréased possibility that the ventilator input [pressure
could fall below 280 kPa, mainly because ofithe increased pressure drop across the ternjinal unit
and input hose (also because of the flow*drop characteristic in the case of pressure regulators
supplying a single terminal outlet).

In addition to steady-state flowsCof 60 1/min, the switching of the internal pneumatic syftem and
the operation of a patient-detnand system can result in a ventilator requiring transient input flows
far in excess of 601/ming Because of the compressibility of gas at pipeline pressures| and the
diameter of piping thatissemployed in order to minimise 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 infet of the
ventilator to below 280 kPa, due to transient flows in excess of 200 1/min (over 3 s), but most of
these dropswill 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
affects~ the performance of their ventilator when used with recommended supply hose
configurations and when connected to alternative gas-specific terminal outlets such as thgse fitted
te ¢ylinder pressure regulators conforming to ISO 10524-1.

Vertitutorsthat camrdraw greater average or tramsient flows durimg fiiterded useare permitted, but
their accompanying documents are required to disclose those flows and warn of the need for a
different diversity factor.

The average flow of 60 I/min is greater than the test flow used during the commissioning of medical
gas pipeline systems. In itself, this should be of no concern because the specific conditions specified
for the test do not allow a direct comparison between the two values. The committee responsible
for medical gas pipeline systems standards, ISO/TC 121/SC 6, in consultation with ISO/TC 121/SC 1
and ISO/TC 121/SC 3, agreed to the 60 1/min average flow value, and also the 200 1/min for up to
3 s transient flows, during the preparation of the first edition of the current series of standards for
medical gas pipeline systems and were aware of the need to satisfy that specification when finalizing
the medical gas pipeline system test requirements.
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Manufacturers should be aware that other standards for supply systems for medical gases permit
the fitting of gas-specific terminal outlets to spur systems such as pendant supply units. Such
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

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
both[ranges should be applicable to both ranges. This means that a manufacturer is free to uselLa
round number end value (e.g. 300 ml) in specifications and is not forced to truncate artificially, the
declgred range in order to avoid having to satisfy also the test requirements of the adjacentrange.
This|permits, for example, one EMS ventilator to have a declared range inspiratory volumeof 300 ml
to 1000 ml and another 100 ml to 300 ml, with each EMS ventilator only being required to be testgd
for the conditions specified for 2300 ml or <300 ml respectively.

201}5.101.1 — EMS ventilator test conditions
a)2

Test|laboratories do not routinely have access to compressed air-and oxygen supplies that afe
certified to medical pipeline standards. In many jurisdictions,dnedical grade oxygen is a drug and
access is controlled. Enforcing a requirement for type testing to use gases that are approved fo
med]jcal gas standards would add significant cost, and potentially prevent some test laboratoriges
from being able to perform the type tests of this document.

For purposes of testing to this document, theresis 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 medidal
gradp oxygen, although the permitted’ contaminant profile is different. Similarly, industrial
compressed air is typically provided.ffom a compressor that entrains ambient air, with principfal
for medical air.
A veptilator controls, and Jmeasures, flows of gas from air and oxygen inlets. The control and
meagurement technolegiés are potentially susceptible to gas composition, however the critidal
parameters for flow~measurement and control are density, viscosity, thermal capacity and oxyggn
concentration. The-differences in trace contaminant gases between industrial and medical gases

supplies do net result in significant differences in flow measurement and control, and therefore will
not dhangethetesults of type test.

The pnly likely contaminants in industrial compressed gases that could impact test results would e
oil orwater tn dropiet form, as these could potentially damage the venttiator parts. inaustrial
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 equipment 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 standardized
conditions. Generally, one atmosphere (101,3 kPa) is used as standard pressure. However, several
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standard temperatures are used. Whereas 0 °C is used as standard temperature in physics, either
20°C or 21,2°C (70 °F) is often used in engineering. In ventilation, the gas in the lungs has a
temperature identical to body temperature (~ 37 °C) irrespective of the temperature of the gas
delivered by an EMS 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 pressurised gas to medical equipment, including EMS ventilators,
follow engineering conventions and specify gas quantities and flow rates at STPD conditions. This
practice is followed in this document for all requirements concerning gas input.

However, EMS ventilators conforming with this document are likely to be inflatingcthe|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 water vapour regardless of the humidity of|the gas delivered
from an EMS ventilator. With a standard temperature of 0 °C, 11 of gas referenced to $TPD can
expand the lungs by 1,81 at a pressure of 70 kPa. In order to have the values comparable among
different EMS ventilators, it is essential that the information for all EMS.-ventilators is refefenced to
the same standard conditions. Because it is the volume of gas and not the’'number of molegules that
expands the lungs, BTPS is the appropriate set of reference conditions‘to use.

In EMS ventilators a variety of flow transducers are used. Wheéreas a heated-wire anemometer
measures the rate of mass flow of the gas independent of préssure, a pneumotachograph fneasures
the flow of gas at the actual pressure. Therefore the necessary corrections depend on tl—:lg type of
flow transducer. When a pressure correction is requiréd, 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 EMS
ventilator. When, however, the flow transdiicer is located at the Y-piece, the relative hunjidity 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 EMS ventilator that uses ambient air, the humidity
of the drawn-in air can be unknown to the EMS ventilator. All these effects together will ipevitably
introduce some errors in the conversion of the measured flow signal to BTPS reference cqnditions.
However, these errors aretonly in the range of several percent. For inspiratory volumes grepter than
100 ml, the committees-eame to the conclusion that the permitted inaccuracy of the meagurement
of £(4 ml+(20 % of theymeasured value) ) ml is sufficiently wide and includes the inaccurdcy of the
flow transducer and)the inaccuracy of the conversion to BTPS conditions. However, it rethains the
responsibility_ef_the manufacturer to verify that the accuracy requirements of 201.12.1 and
201.12.4.103-are met.

— 201.5.101.3 — EMS ventilator testing errors
When testing EMS 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
beachieved; particutarty whenmrmeasuring votumes by the imtegratiomrof Tapidty changimg flows.

Because of the relative significance of these uncertainties, it is important that manufacturers allow
for them when declaring parameter accuracy.

Similarly, it is important for a third-party tester to recognise the significance of the uncertainty in
their own measurements when testing to this document.

In practice, this means that, for example, if a manufacturer determines that a parameter has an
intended tolerance of +10 %, but the measurement uncertainty is +3 % then the test results are
acceptable if, given the uncertainty band for the measured value, the probability of the measured
values being within the limit is at least 50 %. In almost all cases, measurement uncertainty has a
symmetrical distribution, and the 50 % likelihood criterion is met if the measured value is within
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the disclosed limit, in this example, within +10 % of the setting. If a third-party is testing to this
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 disclosed
for a type test, which in this example is +3 %.

Note that a third-party testing organization obtaining a measured value outside the limit does not
necessarily invalidate the claim - the deviation from the limit is required to be compared to the
uncertainty of the measurement to establish the probability of the data representing a true
deviation from specification.

See I|EC Guide 115 for more information regarding measurement uncertainty.
Furthermore, the manufacturer is required to disclose the measurement uncertainty, for ea¢h
declgred value in order to provide this information to the responsible organization and guidance for
a third-party tester as to the needed measurement accuracy when testing to this document.
This|is a change from previous revisions of this document, which required tolerances to be adjust¢d
by suibtracting measurement uncertainty from disclosed tolerance values toldetermine acceptange
critefia.

201}7.2.3 — Consult accompanying documents

The committees agreed that following the instructions for usé'{s a mandatory action for the saffe
operption of an EMS ventilator.

201}7.2.101 — Additional requirements for marking on the outside of ME equipment
or ME equipment parts

Alth¢ugh the intended operator group for an. EMS ventilator is primarily paramedical service first
resppnders and emergency care physicians, who are routinely trained in the use of thdir
equipment, their use might not be on a:ffequent basis. The committees consider that it is importapt
that the operator has immediate access to those instructions necessary to place the EMS ventilatpr
into pse.

This|can be in the form of written or illustrated instructions for use:
— pttached to the EMSventilator;

— In the instruetions for use;

— providedvia a graphical operator interface on the EMS ventilator; or

— py.other means.

One possible example (although not currently implemented on any EMS ventilator known to the
committees) would be to provide oral prompts in the same fashion as provided by public access
AEDs (automated external defibrillators). These use a combination of oral prompts and illuminated
controls to guide an operator through a life-saving medical procedure.

The requirement for legibility in IEC 60601-1:2005+AMD1:2012+AMD2:2020, 7.2 would be
deemed to be met if the instructions can be interpreted correctly by the operator, whether provided
in visual or other format.

201.7.4.2 — Control devices

See also rationale for 201.15.102.
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Many EMS ventilators are designed to operate from one single high-pressure oxygen source, and
use a venturi injector to entrain air in order to provide one or more ‘lower oxygen’ settings, in
addition to providing ventilation with pure oxygen. This design is often used in EMS ventilators
intended for first responder applications.

EMS ventilators according to this design typically do not control oxygen concentration to a specified
tolerance.

Because of the physical characteristic of the venturi principle, the oxygen concentration depends
significantly on the InSpiratory ftowrate and the mean alrway pressure.

Marking an EMS ventilator using the venturi principle with a quantitative concentratien vaJue (such
as FiO; = 0,40, or 40 %) would be potentially misleading owing to the wide tolerance that would

apply.
— 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)3)

In case of a severe ventilator failure, the ventilator steps ventilating the patient. There is nq back-up
mechanism for an alternative means 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 interrfuption of
the ventilation of the patient as short as possible, an alternative means of ventilation has glways to
be available close to the ventilator.

a)4)

Additional attachments or Other components or subassemblies increase the resistgnce and
compliance of the VBS. The additional flow of a pneumatic nebuliser or the sampling flow of a
diverting gas monitor eeuld have a negative impact on the accuracy of the measurement of the
flowrates and oxygen  concentration.

b) 1)

The functiphality of breathing system filters is affected by a number of aspects of dtructure,
properties-and local environment.

At'the most basic, a BSF is designed to be a filter that removes particles suspended in gas, |.e. a “dry
aerosol”. The particles primarily targeted in the VBS are bacteria or virus particles (althoygh other

of solid material with open passageways to allow gas flow. The passageways in such gas filters are
relatively large compared to the bacteria and virus particles that are to be removed. The spatial
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 medlum whlch repels water is termed hydrophoblc These properties are, in
fact, [T rete, b i : ' NITTON_ partance fitter

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 on the management
of the circuit, and the positioning of the BSF, this bulk water can actually completely cover and
occlyde the filter. If a sufficient pressure is applied, the liquid water can be forced'though the pores
of thp 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 liquid is forced though a hydrophilic BYF,
gas flow blockage can be relieved, but any microorganisms removed by the filter can be carrig¢d
past|the filter with the liquid stream. In the case of a hydrophobig filter, the pressure in the VBSl|is
usually not sufficient to force liquid though the medium,’so the microbial retention is npt
compromised. Airflow occlusion persists, however, until steps are taken to remove the bulk water

In afdition, there can be a temporal aspect to thé” properties of relative hydrophilicity ¢r
hydrophobicity whereby prolonged exposure to water alters these properties during the expected
servie life of the BSF. A BSF is typically labelled with an expected service life, in hours or days, that
reflerts its ability to perform to its labelled specifications in the clinical environment.

[t shpuld be obvious that the potential influence of water on performance differs in anaesthesia and
resplratory care applications, althofigh' many, if not most, BSFs are indicated for use in both
appljcations.

Addiltional effects on BSF functionality can be caused by the introduction of substances other than
watdr or gas into the device..Such substances can originate from the patient (e.g. sputum, exudatgs,
bloofl, vomitus) or substances introduced by the operator into the VBS (e.g. gross amounts pf
med]jcations intended+to be nebulised for administration though the VBS).

The effect of such-substances can be an increase in flow resistance of varying degree up to complefe
occlysion at-ventilator or physiologic pressures. In the case of nebulised medications, the type pf
nebyliser;-and its operating parameters are variables that affect the likelihood or magnitude pf
sign'lcantly 1ncreased BSF ﬂow re51stance during a prescrlbed medlcatlon regimen. It should e

reservoir durmg operator or patlent mampulatlon 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 these effects can be manifested as increases in the amount of
positive airway pressure required for an EMS ventilator-provided breath, or as an increase in
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expiratory flow resistance. These effects can result 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, EMS
ventilator alarm conditions are essential to provide maximum patient safety.

Once a BSF is recognized to be a source of impaired ventilation, simply removing the occlfided BSF
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 some designs, adequate checking of the alarm system can be perfornmied with a combipation of
operator action and the power-on self-test routines that verify the integrity of the softwarg and the
computer controlling the EMS ventilator, as well the measuring Sensors and the alamm signal
generation.

—+ 201.7.9.2.9.101 — Additional requirements for operating instructions

Some EMS ventilators are designed so that they can operate with higher-than-normal tubing circuit
compliance and resistance. Thus, knowledge of these VBS characteristics is importanf for the
operator to be aware of the EMS ventilator capability. Also, knowledge of the maximum VBS
resistance (at nominal and maximum flowrates) is important because an occlusion fals¢ positive
alarm condition can be caused by the use of high resistance components in the VHS. These
characteristics of the VBS need to be.finclusive of any inhalation or exhalation particle/BSF,
humidifier, nebuliser, water collection.vessels and connectors needed for operation.

— 201.7.9.2.14.101 — Additional requirements for accessories, supplementary
equipment, used material

The use of antistatic/or electrically conductive materials in the VBS is not consiflered as
contributing to any higher degree of safety. On the contrary, the use of such material incrgases the
risk of electrical sho¢k to the patient.

—+ 201.7.9.3.1.101 — Additional general requirements
a)

Thermanufacturer is expected to express the description of the EMS ventilator in general|terms so
the reader can understand the important behaviour of the EMS ventilator (e.g. mean v3lues and
theirtine specifications, Tumber of breaths and detays, etc.J:

— 201.9.4.3.101 — Additional requirements for instability from unwanted lateral
movement

In developing the requirements for this subclause, the committees reviewed the test limits for
acceleration from EN 178906l and from RTCA DO-160GI371

[t was noted that this is a requirement for crash safety — the EMS ventilator cannot detach from its

attachment in the event of a collision of the vehicle in which it is being used, as this would create a
risk of traumatic injury both to the patient and to attending operators.
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For road ambulance use, 4.5.9 of EN 1789036l provides requirements for medical device restraints to
withstand acceleration profiles with peak acceleration in each direction of 10 g. This is applied as
an acceleration impulse, involving a peak acceleration in the range of 80 m/s2 to 120 m/s?, (8,2 g to
12,2 g) with a profile with an overall period between 80 ms and 150 ms. It was noted that this is
equivalent to being brought to a stop from a speed in the range of 17,3 km/h to 51,8 km/h.

The committees agreed that an appropriate test for the EMS ventilator attachment that would
ensure conformity to the requirements in EN 17890361 under all allowed test conditions would be to
require a test at 10 g for a period of 150 ms. The profile specified in EN 1789 represents an impact
at speed ot SUKm/hto 32 km/h.

For |use in an air vehicle, the most appropriate requirement identified is from (7:2.1 pf
RTCA DO160B71. The standard includes a table listing acceleration profiles for crash testsjapplicablle
to various different types of aircraft. These include different profiles for orientation’along and
perpendicular to the direction of travel. The committees adopted the worst-case stress’for each axiis
for a]l types of aircraft, assuming that the mounting could assume a vertical direction, but could npt
assume forward-to-back or sideways orientation with respect to the direction(of-travel.

This|results in test acceleration values of 20 g vertically downwards; 4.g-vertically upwards; and
20 g|in any horizontal direction. Testing is required both for multiplesximpulses (with an impulge
duraftion of not greater than 11 ms) and for sustained acceleration for'3 s.

The [committees agreed that an appropriate test for the EMSventilator attachment for an EMS
ventjlator intended for air transport use would be to require a test at 20 g for a period of 3s
horizontal and vertically downwards, and 4 g vertically upwards.

201/9.6.2.1.101 — Additional requirements.for audible acoustic energy
Table 201.102 — Test conditions for acoustic tests

After due consideration, the committeés'decided that where this document specifies adjoining
rangpgs 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
roun/d number end value (e.g.300'ml) in specifications and is not forced to truncate artificially the
decl3red range in order to ayoid having to satisfy also the test requirements of the adjacent ran,g.Te.
This| permits, for example) one ventilator to have a declared tidal volume range of 300 ml fo
1 00P ml and another 100 ml to 300 ml, with each ventilator only being required to be tested for the
conditions specifiedfar 2300 ml or <300 ml respectively.

201{11.1.2.2. -=Applied parts not intended to supply heat to a patient

The human-airway has a very significant ability to absorb or deliver heat and moisture. Referenge
the dommon practice of sitting in a sauna without harm to the respiratory tract(50l. Fully saturat¢d
gas at#5°Ccamrbeimspired forup to-thrwithoutdanmaging the mmucosaof therespiratory tract8t A
more recent study reported tolerance of inspired gas temperatures of 46,9 °C to 49,3 °C, 100 % RH
(265,6 k] /kg) for 45 minl4él.

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.

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 0,9786 m3/kg of dry air
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and an enthalpy content of 197 kJ/m3 of dry air. Assuming the volume breathed by the pati

same whatever gas mixture is used, then the safe enthalpy limit is 197 kJ/m3 of dry

ent is the
gas. This

enthalpy per unit volume gives a more relevant measure of the energy delivered to the patient.

Sustained delivered gas temperatures above 41°C, depending on the combination of gas
temperature, level of water saturation and patient exposure time, can be hazardous. Confirmed by
studies conducted by the US Navy Medical Research and Development Command/s8], concluded that
fully saturated gas at 45 °C can be inspired for up to 1h without damaging the mucosa of the

respiratory tract.

Gas at body temperature and fully saturated (37 °C and 100 % RH) does not transfef
energy to or from the patient with a normal body temperature of 37 °C. Dry-gas
temperature (37 °C and 0 % RH) draws heat away through evaporation. Gas_dt. 41 °C
saturated has the capacity to deliver less than 181,3 k] /m3 of dry gas breathed.by-the patie

The enthalpy content of 197 kJ/m3 has been in use a long time to limit the energy tr
humidified breathing air to the respiratory tract of a patient with bypassed upper airway
negative feedback with regard to this limitation was known at the timme of the considerati
document. The committees asked for clinical advice as to whether in addition to the
limitation, the temperature needed also to be limited. A 'Gérman group of clinicig
considering the issue and the literature available came to the'following conclusion:

The literature shows:[#61(50](58]

— thermal inhalational traumas with temperatures above 100 °C but with unknown
content;

— the very low RH of about 5 % only at £00 °C with an enthalpy content of 197 kJ/m3;

breathing gases;

— the physical facts that a.blower/turbine type ventilator increases the temperature g
taken from the environment in the range of 15 °C to 25 °C;

— ventilators areuised in environments up to 45 °C;

— an additiefal temperature limitation is intended to limit the temperature under w|
condition; and

— _asufficient safety margin to protect the patient from thermal injuries of its airways.

thermal

at body
and fully
nt.

ansfer of
s and no
bn of this
enthalpy
ins after

humidity

— the good experience with the limit of enthalpy content of 197 kJ/m3 of dry air in hyimidified

f the gas

orst-case

The clinician group recommended to keep the th

ermal energy limitation of 197 k]/m3 a

confirmed this proposal.

— 201.11.6.6 — Cleaning 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 used
if their condition could compromise the health and safety of the patient on whom they are being

used or the employees or third parties interacting with them.

This means that ventilators, their accessories and parts cannot be used if there is a unacceptable risk

of the patient, operator or other person being infected as a result of contact with the v
accessory or part.

© IS0 2023 - All rights reserved

entilator,

89


https://standardsiso.com/api/?name=b5c02dbaeb0a44da43898cae71416960

I1SO 80601-2-84:2023(E)

90

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:

— make the responsible organization for processing the ventilator aware of how to implement
Fiese tasks 1N a responsible manner through appropriate delegation; and

— help all parties involved in the processing of ventilators, their accessories and parts toycomply
with the manufacturer’s instructions.

The fleaning and disinfection procedures of the manufacturer are also intended to provide practidal
support to all those involved in patient care in the clinical environmentywith regard to
implpmenting the hygiene measures required for the patient’s safety.

The |manufacturer is encouraged to concentrate on four essential ‘aspects of cleaning and
disinfection:
a) the external enclosure of the ventilator;

b) the ventilator’s removable breathing circuit, including, accessories and parts (e.g. humidifid
lemovable flow sensor, connectors, water traps, breathing system filters);

=

c) the internal gas pathways that can become contaminated with body fluids or by contaminanIIs
arried by expired gases during normal condition or single fault condition, which generally
eside within the ventilator’s enclosure and;,are normally replaced or processed betwegn

atients; and

ontaminants carried by expired gases during normal condition or single fault condition, which
enerally reside within the ventilator’s enclosure and are not normally removed or process¢d

t

Q

1

)i

d) the internal gas pathways that cannot become contaminated with body fluids or by
q

§

Retween patients.

Regarding the cleaning and.'disinfection or cleaning and sterilization of a), b) and c), above,
manyfacturers are required te’provide detailed, validated procedures for ensuring safe and effectiye
processing to protect the next patient, caregivers, technicians and third parties from pathogeniic
contamination. Manufdcturers are required to document these procedures in the accompanying
docupnents of the yéatilator. Since the gas pathways described in d) above are not contaminated by a
patignt, manufactirers are not required to provide validated procedures for processing them. Item [)
and fo some éxtent item d), the disinfection of the ventilator’s internal gas pathways, have received
renewed attention due the recent outbreaks of contagious diseases like Legionnaires’, SARS (sevefe
acut¢ respiratory syndrome) and influenza that affect the respiratory system.

Most modern ventilators are designed to permit removal, either for replacement or processing, of
those portions of the internal gas pathways that can become contaminated with body fluids or by
contaminants carried by expired gases during normal condition or single fault condition. Responsible
organizations need to follow their infection control procedures when transferring a ventilator 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;
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— 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.

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 located in the expiratory gas gathways.
Follow the accompanying documents of the affected ventilators to ensure that delicatefand possibly
fragile sensors are not damaged during the processing procedure.

Any ventilator that has already been used on another patient is potentially, eontamindted with
contagious pathogenic microorganisms until proven otherwise. Appropfiate hand|ing and
processing procedures are essential to protect the next person handling) the device or|the next
patient on whom the device is used. Hence ventilators, their re-usable accessories and parts that
have been used should, when necessary, undergo a processing processyfollowing the manufacturer’s
instructions, prior to reuse on another patient.

The following basic considerations need to be addressed by‘the manufacturer when specifying the
processing instructions of a ventilator, its accessories or parts:

— protecting the patient, the operator and the responsible organization (including personnel
involved in performing the processing procedure);

— the limits of the procedures used for pragessing (such as the number of processing cyclgs); and

— the necessity to guarantee the proven standardised procedures have consistently high and
verifiable quality, based on an established quality management system.

The recommended processing procedures should be determined by:
— the potential degree-and type of contamination of the ventilator, accessories or parts; apd

— the risk of infeCting another patient resulting from their reuse and the type of applicatfon of the
ventilator.

Special consideration of the possible risk associated with the contamination of gas-cqnducting
components due to the patient’s re-breathing under single fault condition is required.

Onthe basis of the above, a verified and validated documented processing procedure ne¢ds to be
specified in such detail that the outcome is reproducible. An acceptable residual risk from the

Innnnrrl ofinfaction fortha navt nationt can hn nconyand 1f+ha
AGZLGFG-oHHrectontrortne-Rextpatieht-cahpeasstHpeaHtne:

— documented processing procedure’s effectiveness has been verified through appropriate
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;
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— the risk for the pathogenic microorganisms to be transmitted to the patient, operator or other
persons; and

— 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, 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 procedurés such as cleaning agents,
disinfectants and other substances, including theirreaction products;

— changes of physical, chemical or functional properties of the device; and

— changes in the condition of the matérial (such as accelerated wear and tedr,
embrittlement and changed surface conditions, connectors and adhesive joints); and

— the risk of transmission of any pathogenic microorganisms.
Wheh considering the suitability of the @rocessing procedures and the feasibility of the processing
procedure for the ventilator, accessoties or parts, the manufacturer should consider the following
poings:

— the risks involved in the(processing;

— the cost effectiveness of the processing;
— the practicability of the processing;

— the availability of the cleaning equipment and the cleaning agents specified in the processing;

— the efficiency of the processing;

— the reproducibility of the processing;
— quality management requirements of the processing; and

— the environmental impact of the processing and the disposal of the ventilator, accessories or
parts.

The manufacturer should verify all cleaning agents and processing used with regard to their
suitability and repeatability with the ventilator, accessories or parts, depending on the type of use.
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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.

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 reproducibitity of automated processing procedures, tests shoutd be carried out on a
regular basis.

The manufacturer should ensure that the specified disinfection procedures axe"verified to be
bactericidal, fungicidal and virucidal so that the cleaned and disinfected ventilator, acce§sories or
parts do not pose an unacceptable risk of infection by reproductive pathogenic microofganisms
when any of these elements, collectively or individually comes in contact, either difectly or
indirectly, with the next patient, operator or another person.

Effective disinfection requires that the instructions for the disinfectant, especially with regard to
concentration and residence time, are followed.

Following any processing procedure, a safety and functional testing of the ventilator (as spgcified by
the manufacturer’s instructions) needs to be carried{out. If necessary, safety-relevant flinctional
testing can be carried out directly before use of the ventilator.

The extent and type of the tests depends on th&€Ventilator, accessory or part and these need to be
defined in the accompanying document.

— 201.12.1.101 — Volume-control inflation-type
-1 b)3)

A ventilator that is intended for use with a medical gas pipeline system containing Oxygen 93 (from
an oxygen concentrator).requires a wider rated range of input oxygen concentration than a
ventilator intended only for use with a medical gas pipeline system containing oxygé¢n. For a
ventilator intended for use only with oxygen, 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-ise with a medical gas pipeline system containing Oxygen 93, the rated concgentration
could be as wide as “90 % to 100 % 0" 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 disclosed tolerance needs to be broadened to account for variation in inlét oxygen
concentration—Aventilator-thatisindicated-forrated range-0£-90-% to100-0%-0-"and-that does not
measure the inlet concentration, and that has a blending accuracy of +4,5 %, would have a delivered
oxygen concentration tolerance of +5 % when used with oxygen, but might have a delivered oxygen
concentration tolerance of +10 % when configured for use with Oxygen 93. The variation 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
concentration with an accuracy of +1,5 % might have a delivered oxygen concentration tolerance of
+6 % (and a restricted setting range of 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
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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 F1100:9034.. The only difference has been the
addition of five further infant test cases to extend downwards the range of tidal volume.

ASTHFITO0BHinciuded a note that TesiStance values are 10T parapolic TESISTors . 11ese are simpje
devi¢es comprising an orifice plate with a cylindrical hole that are easy to manufacture to gegd
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 a tracheal tube. While linear resistors can be consfructed, th¢y
typidally 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 th first edition of ISO 80601-2-12, the test lung configuration values were-retained; however the
tablds were amended to specify use of linear resistance. At the time, this-was thought to be more
representative of clinical use, and the increasing availability and use of electronically-controlled
test Jungs meant that modelling linear resistance was less challengirg!

Howgver, it has become clear that in some cases this leads’to clinically implausible test casgs,
particularly those test cases that use R200 resistance (intended to represent a 3,0 mm trachefal
tube) with tidal volumes of 30 ml or greater. Test lung resistors are calibrated at a test flow of 1 1fs
(60 IfYmin). Both a parabolic and a linear resistor¥ith nominal resistance of R200 provide|a
pressure drop of 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 I/min,;while the linear resistor pressure drop is 100 hHa.
The effect is even more pronounced at lower flow rates — the pressure drop at 15 1/min is 12,5 hPa
for the parabolic, versus 50 hPa for the linearresistor.

preponderance of the resistance dpeing in the very small-scale passages in the lower levels of the
tracheobronchial tree). Typicakvalues for total pulmonary system resistance in mouth-breathing
humpns vary from approximately 20 hPa-(1/s)! to 25 hPa-(I/s)! in neonates, to less than 5 hPa-(1/)-
L in adultsl>7l. These valu€s) are significantly increased in restrictive airway disease. However tme
very| high values of resistance found in the ventilator test case tables largely represent the
resigtance of the tracheal tube.

In rormal breathing patterns, flow)'in the lung is approximately laminar (owing to tie

Meagurements_‘of pressure drop versus flowrate for seven sizes of tracheal tubes have beg¢n
publjshed“9% A’ 7,0 mm tracheal tube has a resistance at 11/s that is close to R10 [10 hPa-(1/s)}],
however the resistance is lower at lower flow rates, for example at a flowrate of 0,25 1/s the
resigtance is approximately R4 [4 hPa-(1/s)1].

For smaller sizes of tracheal tubes, the resistance changes significantly as flow increases above a
critical value, which represents the onset of turbulence. Figure AA.1 demonstrates this effect.

The critical flow ranges from 0,25 1/s for a 3,5 mm tracheal tube, to 0,63 1/s for a 7,0 mm tracheal
tube. The critical flow is evident in Figure AA.1 as a notch in the pressure curve at approximately.
12 1/min (0,2 1/s). Below the critical flow, the pressure drop scales approximately as flow to power
1,3, while above the critical flow the pressure drop scales approximately as flow to power 1,8.

Table AA.1 shows the test cases from ISO 80601-2-12:2020, Table AA.1. 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.
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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, termi

nating 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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Figure AA.1 — Pressure drop calculation for 3.0 mm tracheal tube, 100 % RH room
at sea level, 37°G;-using approach specified by Jarreaul4

It is clear that changing the reSistor specification from parabolic to linear has very sig
altered the pressure droptdue to resistance in all test cases with an inspiratory volume
300 ml In several cases,such as #11, #13 and #15, the resulting pressure drop is far in
the pressure drop appropriate to this patient model. However, in other test cases suc
through #21, the-parabolic resistor is clearly too low a resistance to be appropriate.

Calculated pressure drop across a number of sizes of tracheal tubes at specified fl
appropriate-to that size patient are tabulated in Table AA.2, expressed both as actual press

and as-a resistance value [expressed in hPa-(1/s)1].

Thetest cases need to account for both the resistance of the tracheal tube, and the resistar

air

hificantly
less than
excess of
h as #18

ODW rates
ure drop,

1Ice of the

patient’s pulmonary system. This suggests that for tidal volumes of no greater than 20 ml (1

est cases

#16 to #21) resistance values of 50U hPa-(I/sJTto 200 hPa-{I/s)T remain appropriate. For test cases
with inspiratory volumes of 30 ml to 50 ml, representing term neonates or infants, resistance values
of 20 hPa-(1/s)! to 100 hPa:(1/s)! would be appropriate; for test cases of 50 ml or greater,
resistance values should be 5hPa:-(1/s)* to 50 hPa-(1/s)1. Based on this, the resistance values in

Table 201.104 and Table 201.105 have been adjusted from the values contained in
standards.
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Table AA.1 — Flow and pressure drop for linear and parabolic resistors

Test C R Vi Ir.nsp Mean Flow Peak Flow AP A
4 ml Time _ _ hPa . .hPa
mL/hPa | hPa-(1/s)! s 1/min 1/min (parabolic) | (linear)
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 5,0 5,0
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 14 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 45 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 15 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 5,0
Table AA.2 — Flow and pressure drop for linear and parabolic resistors
Tracheal tube | ,Test Case Flow Pressure Drop Resistance
diameter
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
#6 16,0 =5 15
5,0 5,0 0,4 45
5,0 24,0 3,6 9,0
7,0 20,0 0,6 1,8
7,0 60,0 3,7 3,7

— 201.12.1.102 — Pressure-control inflation-type
b) 3)

See rationale for 201.12.1.102 b) 3).
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Table 201.105 — Pressure-control inflation-type testing
See rationale for Table 201.104.
— 201.12.4.101 — Oxygen monitor

After a long discussion, the committees concluded that it is not the length of intended use but the
patient population (i.e. neonatal use) that should be used to make oxygen monitoring mandatory.
Monitoring the oxygen level and including level alarm conditions is an ineffective risk control for an
EMS ventilator that does not control the oxygen concentration (e.g. venturi entrainment] jsince the
delivered concentration varies widely with flow and pressure.

—+ 201.12.4.102 — Measurement of airway pressure

The site in the VBS at which pressure is sensed varies from ventilator to ventilator. Gengrally, the
manufacturer chooses one of two strategies:

— measuring the airway pressure by direct sampling at the patient-cennection port: or

— indirectly estimating the pressure at the patient-connection‘port by measuring the pressures at
two locations in the ventilator, on the inspiratory side of-the VBS (at the “to patient” port) and
on the expiratory side of the VBS (at the “fromipatient” port), and, after mathematical
manipulation, averaging the two values.

Even if the first strategy is chosen, the actual pressure transducer will be located insige of the
ventilator enclosure with narrow-diameter “plastic” tubing linking the pressure-sampling port at
the patient-connection port to the sampling nipple on the pressure transducer. And fpr safety
reasons a separate transducer will likelydmeasure the pressure on the inspiratory side 3t the “to
patient” port. The displayed airway pressure, however, is always expected to estimate afcurately
the true value that would be measured at the patient-connection port. Pressure measurgment via
the first strategy accurately reflects the true airway pressure within the error of the [pressure
transducer.

If the manufacturer selects the second strategy for the prediction of the true airway pressure, at
least two methodologies can be used to arrive at estimates of this airway pressure.

Assuming that-ddring inspiration the gas in the expiratory limb is essentially stagnant| one can
conclude thatthe pressure measured on the expiratory side of the VBS reflects the true airway
pressure. And’ conversely during exhalation, if one assumes stagnant conditions in the ingpiratory
limb, thepressure measured on the inspiratory side of the VBS can be taken as the airway|pressure.
However, if “bias” or “base” flows during inspiration and exhalation result in significant|pressure
losses across these individual limbs, these pressure losses need to be estimated. The airway
pressure on the inspiratory side, P!, (¢), can be approximated by Formula (AA.1):

Py () =P(t) - V(@) XR, (AA1)
where
Pi(t)  is measured pressure on the inspiratory side of the VBS,

V,(z)  is the flow in the inspiratory limb, and

R, is the resistance of the inspiratory limb.

The airway pressure on the expiratory side, »Z(s), can be approximated by Formula (AA.2):
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PG (1) = Pg(t) + Ve(1) X Rg (AA.2)
where
Pp(t) is measured pressure on the expiratory side of the VBS,

Ve(t)  isthe flow in the expiratory limb, and

R is the resistance of the expiratory limb.

Takl ls t}lC dVv<l agc Uf t}lC 1llbpil dtUl_y dllc‘l CAlJil atu1_y pl COJUITS ib bllUVVll ill FUI lllu}d (AAg), VV}li h
arriles at the best estimate of the airway pressure, Py (z) .

PY(1)+ PE (1)

ﬁ(t)s 2

(RA3)

The fppplication of this last method requires a method to estimate R; and Rgt With appropriate
algofithms and regular cross checking of the two pressure transducers, the réliability and accuragy
of P} (¢) is assured.

201{12.4.103 — Measurement of expired volume and low-volume alarm conditions

It is flesirable to have a fast-responding measurement of volumé and narrow alarm limits. Howevdr,
as there is often considerable variation in a patient’s ventilatory pressures and volumes, narro|
alarm limits inevitably lead to clinically insignificant alarin’conditions. As a result, operators chooge
to set wide alarm limits to reduce the number of insignificant alarm conditions despite the fact thpt
this jcan compromise patient care when there is a<prolonged small change in their ventilation.
Therjefore, it is recommended that an EMS ventildtor be designed to 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 escalation should be determined by the
severity of the potential harm to the patient in combination with the length of time that the
operfitor has to prevent the harm from occurring.

d) 2)

In this document the phrase_responsible organization-configurable' is used to describe ventilatpr
settings that are prearranged either to a specific value or a range of values by the responsible
orgapization for a partietlar setting. Responsible organization-configurable settings are normally
protected from chiange by the normal clinical operator. When the responsible organizatiop-
configurable parameter is constrained to a range, the operator typically can then adjust the
parameter valug within the constrained range.

201{12¢4:104- Maximum limited pressure protection device

The value chosen for the maximum limited pressurel471€0] is a compromise between the need to
avoid barotrauma and the need to provide an adequate range of pressure to meet the desire of
operators to supply both high PEEP and high insufflation pressures for specific patients who have
not responded favourably to optimal ventilation-management strategies aimed at lung protection
and lung recruitment. In such cases the operator can, as a last resort, elect to ventilate using high
PEEP and high insufflation pressure.

The predecessor standards ISO 10651-3:1997 specified the maximum limited pressure not
exceeding 100 hPa or 120 % of the maximum working pressure, whichever is greater and
EN 794-3:1998+AMD1:2005+AMD2:200935! specified a maximum limited pressure of 100 hPa.
These values were based on the clinical need to supply a pressure up to 70 hPa at the patient-
connection port under emergency and transport conditions for critical patients.
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The design of pressure limiting in EMS ventilators in general is implemented via
pneumatic/mechanical pop-off devices. The opening of the pop-off device needs a significant time.
The combination of this delay and the relative high resistance of the pop-off device when open,
creates a significant increase of pressure (above the opening pressure) during the relief action.

Therefore, an additional pressure margin was needed to provide working pressures up to 100 hPa
to the patient-connection port.

The technology available to limit the pressure in the VBS has changed so that a smaller additional
Pressure margin 15 needed o ensure the apitity to provide sufficient pressure to thg patient-
connection port.

Considering the risk of barotrauma caused by high pressures supplied to the -patienit’s lungs,
considering the pressures necessary to ventilate most of the patients around the wprld and
considering the technology available as of today a survey was initiated to deterrine:

— the maximum working pressure clinically needed to ventilate most(patients; and

NOTE The consensus was that “to ventilate most patients” means.that in 90 % to 95 % of|the cases
patients can sufficiently ventilated with this ventilatory pressure:

— the needed pressure difference between the maxintum limited pressure and the maximum
working pressure with today’s technology.

The following national member bodies participated in this survey: FR, US, GB, DK, NZ, AU, (N, SE, JP,
SA, DE and CA.

The conclusion of this survey was that:
— the maximum clinical pressure necessary at the patient-connection port is 90 hPa; and

— the maximum needed pressure difference between the maximum limited pressure| and the
maximum working pressure at the patient-connection portis 15 hPa.

Based on the above,(the’ conclusion of the committees was to limit maximum limited pressure to
85 hPa or 120 % of the maximum working pressure, whichever is greater.

— 201.12.4.105— High airway pressure alarm condition and protection device

e)1)

The-increment of 30 hPa between the operator-set pressure and the high airway pressyre alarm
limit is greater than the increment of 20 hPa specified in standards for lung ventilators int¢nded for

Brofeccional healthcare facilitvy vnca EMS yontilatnyre ~ra culhiact +0 ooy ofyringant anvn'r)nmental
PHEfESSTIORH—REHTRECEH € aCH G USe—E VoV eRtHato5 eSS e et t0hore—StHRgentt RVt

conditions, particularly with regards to vibration, and this results in a wider variability in pressure
delivery. The permissible increment between the operator-set pressure and the high airway
pressure alarm limit allows for the operator to set the alarm limit to a value that does not result in
false alarm conditions due to the influence of vibration, without risk of rendering the high airway
pressure alarm condition ineffective as a control for high airway pressure.

V)

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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Patient cough

A cough is a transient forced expiration due to involuntary contraction of the abdominal muscles
and opening of the glottis and vocal chords, resulting in a very rapid and short duration expiratory
flow. This is most commonly triggered by pulmonary irritant receptors, and is a defensive
mechanism that ejects foreign matter from the bronchi and trachea.

This action triggers a rapid but transient increase in pressure at the patient-connection port. The
pressure elevation is generated by the patient respiratory muscles. In this scenario, it can be
apprfopriate 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 te)restofe
pressure to a value close to set BAP, within the normal exhalation period. There is no clinieal reasqn
to open a pressure-relief valve.

Patient forced expiration

In sqme cases, a patient can make a forced expiratory effort during the ventilator inflation phade,
resulting in a pressure increase at the patient-connection port. As ¢his is a patient-generatgd
pressure, the same rationale applied to cough would apply to this ‘scenario, and transition to
exhallation phase is an appropriate and sufficient response. Even in the worst-case scenario, :Ee
exhaled volume would be unlikely to exceed twice the normal exhaled volume, and the tinpe
requiired to reduce the pressure to set BAP would not significantly exceed one respiratory cycle.

Inappropriate volume for patient compliance

In a yolume-control or volume-targeted ventilation<mode, the pressure can exceed the high pressure
alarm limit due to reduced pulmonary compliari¢é! In this scenario it would be preferable to apply a
pressure limitation (with a threshold less than the high pressure alarm limit). However in the
absehce of this function, the appropriate action would be to transition to the exhalation phase. As
the [nspiratory 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.

Inspiratory limb occlusion

In thiis single fault condition, the patient is not subject to the high pressure. Ventilators that do npt
incofporate a pressure-monitoring line from the patient-connection port might be unable to
diffefentiate thisdrem a high airway pressure state. Because the patient is not subjected to the high
airwpy pressureyan obstruction alarm condition is not considered necessary.

Expjratory limb, breathing system filter or expiratory valve occlusion

For mostsoftware-controlied ventifators, this only Tesults in a high airway pressure ailarm condition
if it occurs during the expiratory phase, as when the exhalation valve remains closed during
ventilator inspiration. In some cases (such as a ‘pressure limited’ ventilation-mode), the patient
pressure can exceed the alarm limit if the occlusion prevents the maximum limited pressure
protection device from operating.

Terminating outlet flow — either by terminating the inflation phase, or terminating the base or
continuous flow — causes the pressure to stop increasing, but might not result in the pressure
falling below the alarm limit. This constitutes the ‘action to cause the pressure to start to decline’. If
the pressure fails to return close to set BAP within one respiratory cycle, this is evidence that the
expiratory resistance is excessive, and the ventilator should provide an alternative means to relieve
the pressure. Typically this would involve opening some form of ‘safety valve’ in the inspiratory
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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 the set
BAP or atmospheric pressure within no more than two respiratory cycles or 15 s.

Flow delivery ‘fails open’

In single fault conditions such as a mechanical failure of a pressure regulator or a flow control valve,
or a failure of software control of a flow source, resulting in uncontrolled flow of gas to the
ventilator outlet, transition to the expiratory phase (which opens the exhalation valve], should be
sufficient to control the risk. However, the pressure might not reach the limit within 200’ms. If the
pressure remains 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 outlet flow and restore the patient-connection port to atmospheric pressure.

h)

Atmospheric pressure

In normal condition, termination of ventilator inspiration, and the normal action of the expiratory
valve, allows pressure to be relieved to PEEP within one respiratory cycle without loss of dontrol of
PEEP. Normal condition would include any patient-generated effect. However, if there i§ 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 sgenario, 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 lesjs than or
equal to set BAP is two respiratorycycles. 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
committees have limited the recovery time to a maximum of 15 s. This reflects literature that shows
typical breathing rates invadults(#?], including geriatric populationsls9], that are rarely less than
10 breaths/min, and henice would require no more than 12 s for two respiratory cycles.

— 201.12.4.106 —< Expiratory end-tidal COz monitoring equipment

The monitoring of expiratory end-tidal CO; is employed clinically as a surrogate for artgrial CO;
tension. It therefore provides an alternative to monitoring expired tidal volume in assepsing 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 end-tidal
GOy monitored 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 by monitoring of end-tidal CO, unless monitoring inspiratory volume or expired
volume was also in use.

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.
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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
causg for the disruption (e.g. by disconnection or blockage of the expiratory breathing:/ tubing
system) is the most reasonably foreseeable event in the daily practice that, depending on'the VBS |n
use, [might lead to pressure loss. This can consequentially lead to the inability te build up a VBS
pressure sufficient to ventilate the patient, which in further consequence might lead to serioyis
irreviersible injury or the death of a ventilator-dependent patient.

)

Operation of an EMS ventilator without an operator-detachable breathing system filter in place [is
consjdered reasonably foreseeable when considering those partts of the VBS that might beconpe
contaminated with body fluids or by contaminates carried by expired gases. If an EMS ventilator cdn
operpte without the breathing system filter, then one has‘to assume that it has been operatgd
withput the breathing system filter and therefore those parts of the VBS might have beg¢n
contaminated. Additional information is found in the:fationale for 201.11.6.6.

d)

Operjation of a ventilator using an operator-detachable remote control or monitoring module [is
consjdered as a state-of-the-art option:toeday. Independent of how the communication between the
“ventilator module” and the remote_control or monitoring module is facilitated (e.g. wired ¢r
wire]ess) this communication needs be so designed and constructed that a failure or loss of this
communication does cause an Uhacceptable risk to the patient. Further this communication (efg.
between the “ventilator module”, the remote control or monitoring module, the distributed alarmn
system or a simple remote alarm signal communicator) also needs to be designed to be single faylt
condjtion safe.

— 201}13.103 —Independence of ventilation control function and related risk contrpl
medsures

This|requirement prevents the use of a monitoring device to control an actuator that would lead o
an undetected malfunction of the actuator in case of monitoring failure.

— 201.15.3.5.101 — Additional requirements for rough handling

An EMS ventilator is intended to operate while the patient is being transported and is expected to
maintain basic safety and essential performance while it is 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.

The committees recognized that during environmental stress (for example, vibration associated
with transport in a moving vehicle) ventilator performance can degrade. In such a situation, the
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duration of altered performance would be at most, few tens of minutes. However, it is imperative
for patient safety that essential performance is maintained.

This document references the vibration test levels defined in IEC 60601-1-12:2014 as survival test.
This document provides levels that represent the worst-case exposure in the intended
environment.

The committees compared these test levels with those for operating vibration found in standards
ISO 10651-3 and EN 794-335], currently applicable to EMS ventilators; to the vibration levels given
M TEC60601-1-11 for the fome Heaitiicare environiment. 1 he cCommittees atso imvestigated test
levels provided for operating vibration in now obsolete FDA guidance (1993 Ventilator-Guidance)
and appropriate vibration profiles (for example, for lorry transport) in MIL-STD=810GIF*1. In all
cases, the vibration levels are significantly lower than those specified in\JEC 60601-1-12.
Table AA.3 compares these requirements.

Table AA.3 — Comparison of vibration requirements

Frequency Vibratign
Document coverage Vibration profile amplitufe
Hz 8rms
ISO 10651-3 10 to 500 10 Hz to 200 Hz 0,01 g2/Hz 1,7
200 Hz to 500 Hz 0,003 g2/Hz
EN 794-3 10 to 500 10 Hz to 200 Hz 0,01 g2/Hz 1,7

200 Hz te’500 Hz 0,003 g2/Hz

IEC 60601-1-11 10to 2 000 10 Hzto 100 Hz 0,1g2/Hz 10,3
100 Hz to 200 Hz -3dB / octave
200 Hzto 2 000 Hz 0,05 g2/Hz

IEC 60601-1-12 10 to 2 000 10 Hz to 100 Hz 0,5 g2/Hz 16,0
100 Hz to 200 Hz -7dB / octave
200 Hzto 2 000 Hz 0,1 g2/Hz

The committees took regard to statements by manufacturers that state-of-the-art Bomecare
ventilators are able to-pass the testing mandated by ISO 80601-2-72, using vibration profiles
defined in IEC 60601-1-11; but that no manufacturer was able to confirm that a ventilafor could
operate and pravide essential performance at the vibration levels stated in IEC 60601f1-12. In
particular, at frequencies below 100 Hz, that would be expected to transmit to the patient, the test
levels in IEC\60601-1-12 are five times greater than in any of the other sources.

Whereéas' the shock, drop and electromagnetic compatibility for ME equipment for [the EMS
environment largely relate to use at an incident scene, operating vibration is primarily a function of
motorized transport, and the requirements in a moving ambulance are not deem¢d to be
Qignifi{‘;mﬂv different from thaose for a home healthcare environment ventilator hping used in a car,
truck or other motorized vehicle. Accordingly, we have adopted the vibration profile from
[EC 60601-1-11 for operational vibration testing.

— 201.15.102 — Delivered oxygen concentration
EMS ventilators are normally supplied only by one type of supply gas, generally oxygen.

EMS ventilators have requirements regarding weight, size, handling, robustness and costs. As a
result, an EMS ventilator typically is not equipped with accurate oxygen blender functions.

Nevertheless, an EMS ventilator is required to provide at least one additional adjustable oxygen
concentration with the following intentions.
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— High concentrations of oxygen applied for a longer period of time are likely to be toxic for the
patient. A reduction of the inspiratory oxygen concentration to approximately 60 % reduces
the risk of toxicity significantly.

— The operating time of EMS ventilator supplied via gas cylinders can be substantially extended
via a gas-mixing function.

Inspiratory oxygen concentrations of approximately 60 % volume fraction can be easily designed
via the injector principle, where high-pressure oxygen is used as driving gas and ambient air is
entrdined from the atmosphere.

Because of the physical characteristic of the venturi principle, the oxygen concentrationcdepengs
significantly on the inspiratory flow and the mean airway pressure.

Figure AA.2 shows the typical dependency of the resulting inspiratory oxygen concertration from
the inspiratory flow at a mean airway pressure of e.g. 30 hPa.

A
o \ 85%

15 40 100

Key
(o| oxygen concentration (volume %)

P | pressure (hPa)
Figure AA.2 — Entrainment oxygen concentration as a function of flow at 30 hPa pressure

Therle is onlyalimited working range in which the oxygen concentration is on the desired constant
level

At alew flowrate, the venturi is not-able to-intake sufficient air toachieve the desired oxygen
concentration. At high flowrates, the performance limit of the venturi is reached. In both cases, the

inspiratory oxygen concentration can rise significantly. Figure AA.2 and Figure AA.3 illustrate this
effect.
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Figure AA.3 — Entrainment oxygen concentration as@function of flow at 60 hPa pregsure

— 201.101.1 — Protection against reverse gas leakage

These conditions are necessary to maintain patient safety by protecting the medical ga§ pipeline
system from contamination via reverse flow,

The basic requirements of this subclause were introduced into standards more than a dgcade ago
because of the harm due to reverse\gas leakage that was known to have occurred in cqnnection
with medical devices that use multiple gas sources.

With devices fitted with multiple gas intake ports for the same gas, the hazardous situatign results
from the undetected loss of backup gas supplies due to back leakage into the primary supply. With
gas intake ports for difféerent 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|device is
left in a conditidmwhere it is connected to the gas supplies but is not drawing flow from the gas
supply systent:

Ventilatops are frequently equipped with multiple gas intake ports either to achieve a grepter flow
or tosuse a local backup supply (e.g. a gas cylinder, in parallel with a medical gas pipeling systems
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 requilred in an

;;;;;;;;;

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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201.101.2.2 — Filter

The intention of filtration of the gas from the high-pressure inlet port is to protect the sensitive
components (e.g. flow sensors) of the ventilator gas pathways from particles. This gas is provided
from a medical gas pipeline system or from a gas cylinder.

The standards for high-pressure oxygen compatibilityl’2l and pressure regulators require input
filtering that prevents particles greater than 100 um from entering.

Desjite of These requirements in the f0llowing Cases particies with larger SiZes could occur:
— particles collected in high-pressure inlets and port connectors;
— high-pressure inlets of ventilators while disconnected; or

— malfunction of the medical gas pipeline system, medical air compressors, oxygen concentratofs
b filters.

Depg¢nding on the design of a specific ventilator (e.g. in case that particle-sensitive sensors are
used]) significantly smaller filter sizes than 100 pm can be required.

201{101.3.1 — General

Non{standard VBS connectors can represent an unacceptable risk as attempts are made to fit|a
stanglard VBS to an EMS ventilator in an emergency situdtion. Non-standard VBS connectors cqn
causg leaks if used with similar but not compatible connectors.

201}{101.3.2.3 — Flow-direction-sensitive.components

Flowrdirection-sensitive components commonly used with a ventilator breathing system include flow
sensprs, non-return valves, breathing system filters and heat and moisture exchangers.

Use errors associated with these components can include the component being placed ‘in reverde
(such that the direction of flow-is*not as intended through it) and can also include the component
being placed at an incorrect location within the ventilator breathing system.

Each| of these use errors~can potentially cause risk of patient harm. In some cases, this is indirefct
harm. For example, d-flow sensor placed in the intended location but incorrect orientation is likelly
to rgsult in incorreet output from expired volume monitoring equipment and can cause incorrect
deliviered tidal Volume. In other cases, the harm is direct. For example, a non-return valve placed jn
an irjcorrect\lecation can cause a complete cessation of inspiratory or expiratory flow, resulting |n
complete loss of ventilation.

At ldast'one case has been reported of post-operative ventilation where a non-return valve was

used as if it were an adapter to replace an inline nebuliser when it was removed from the circuit. In
the reported case, the non-return valve resulted in complete occlusion of the exhalatory pathway,
and the patient subsequently died.

This standard includes several requirements applicable to flow-direction-sensitive components,
including marking with an arrow for flow direction [201.7.2.101 c) and f)], instructions for use
[201.7.9.2.14.101 b) 1)], and the constructional requirements of 201.101.3.2.3. However, it is
recognised that simply providing a flow-direction-sensitive component with mating (rather than
identical) connectors at inlet and outlet is not sufficient to prevent all hazardous use errors.
Manufacturers are expected to consider all foreseeable use errors, including errors of incorrect
substitution and incorrect placement as well as incorrect orientation, in their risk management
process.
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— 201.101.3.2.4 — Gas pathway connection port

The use of Luer taper or Luer-lock connectors conforming with ISO 80369-7 are permitted for use
in a VBS. However, this is only permitted when appropriate information for safety is also provided
at the VBS connection as a risk control measure. Nonetheless, there are several case reports of
accidental connection with intravenous or other fluids and parenteral and enteral feeding solutions
causing serious morbidity and mortality due to aspiration of these foreign substances into the
lungs.

The committees expect to change this requirement In the next edition or revision tp the R1
connector of ISO 80369-2 once ISO 80369-2 is published.

— 201.102.1 — General

It is the responsibility of the manufacturer of a ventilator breathing system, its-parts or accefsories to
verify that their product conforms with the requirements of this document.

—+ 201.102.4 — Water vapour management

Water management refers to the complete process by which moisture, in the form of watef vapour,
is added to the breathing gas delivered to the patient’s lungs’and the process by which hiimidified
breathing gas is conducted back to the ventilator’s expiratory system and exhausted into the room.
Intrinsic to this process is the necessity to remove bulk water due to condensation of moisture
attributable to pressure and temperature changes«in the VBS. Even if breathing gas regches the
patient-connection port without any added moisture, the expired breathing gas directed b3jck to the
ventilator contains some moisture. Water mahagement in the VBS requires attention, whether or
not the VBS contains an active humidifier, with or without heated wires in the inspiratory or the
expiratory limbs of the VBS, or a passive@f‘an active HME at the patient-connection port.

Proper management of the patient’s‘airway secretions and mucociliary transport system|requires
that the ventilator compensate for'the humidity deficit caused by intubation, which bypgsses the
upper airways where the normal humidification process would begin. Excess moisture delivered to
the patient-connection port_can flood the cilia located in the bronchial airways, diminisHing their
ability to move mucus toward the trachea. On the other hand insufficient humidification of the
inspired breathing gas dries the bronchial airways, which leads to thickening of the mucous
secretions and likély increased airway resistance or worse. A balanced approach to humigification
is needed to mdintain healthy cilia. Liquefied mucus can be readily aspirated using @ suction
catheter.

Optimal iumidification of the patient’s airways results from an understanding of the physjics of the
techniques chosen to add water vapour to the inspiratory gas stream. Depending on thle system
selected for delivering humidified breathing gas to the patient (for example, activé vapour
humldlﬁer Wlth or w1thout heated wires, conventlonal HME or active HME) condensate can

ry it ' mder ' o provide a

method by which the 11qu1d can be removed.

In all but the most unusual circumstances, gas leaving the alveoli is saturated at 37 °C. Rainout
occurs as the moist gas cools and moves toward the patient-connection port, and is conducted back
to the ventilator. If an HME is fitted at the patient-connection port, approximately 50 % to 70 % of
the water vapour will be trapped in the HME. Whatever the configuration of the expiratory limb of
the VBS, the water vapour content of the exhaled gas will be significant, nearing saturation. Without
heated wires, the returning gas cools, causing significant condensation. As in the inspiratory limb,
this liquid needs to be removed. The presence of heated wires in the expiratory limb lessens or
eliminates condensation before the expired gas enters the gas return port of the ventilator, but from
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this point to the exhaust port the gas tends to cool further, so more moisture will condense. The VBS
needs to include some means to manage this additional condensed water.

— 201.

102.4.1 — Humidification system

An EMS ventilator is rarely used with active humidification due to the short-term usage during
transport. Normally, an HME is used.

— 201.102.6 — Leakage from complete VBS

Assulming that the leakage flow can be modelled as if an ideal orifice were producing it, then tllle

leakgge flowrate, Qweax, would follow Formula (AA.4).

wher

Usin
can

inspi
28,2
calcu

Ok = Gx-/P (AA4)

e

G is the orifice conductance, and

P is the driving pressure.
b the leakage limits from ISO 80601-2-12:2020 and Formula,(AA.4), the orifice conductance|G
be calculated for each of the inspiratory volume ranges./.For example, the leakage limit for
ratory volumes 2300 ml is 200 ml/min at a pressure of 50’cmH,0, which yields a value for G pf
B ml/(min-hPal/2). Conductance values for the other inspiratory volume ranges can be similarjly
lated. Table AA.4 summarizes these results.

Table AA.4 — Calculated conductance values by inspiratory volume range

Inspiratory volume Leakage limit from Pressure, P Calculated
range ISO 80601-2-12:2020 conductance, G
hPa
ml ml/min (cmH:0) ml/(min-hPal/2)
Vinsp < 50 50 20 11,18
0 < Vinsp <300 100 40 15,81
Vinsp 2 300 200 50 28,28

Usin
limit

Usin
pres
flow

=

b these calculated-conductance values, it is then possible to find the corresponding VBS leakage
at any pressure. Figure AA.4 demonstrates these relationships.

b FigureAA.4, one can derive the 60 hPa (60 cmH;0) VBS leakage flowrate limits. This is the
sure at“which most of the operator-accessible parts of the VBS are specified at for leakage
rdte.

— for Vinsp £ 50 ml, Qieak = 87 ml/min

— for 50 ml < Vinsp < 300 ml, Qieak = 122 ml/min

— for Vinsp 2 300 ml, Qieak = 219 ml/min

These leakage flowrate limits represent the permissible leakage of the entire VBS. It is common to
allocate 90 % of the leakage flowrate to the operator-accessible parts of the VBS and 10 % to the
parts of the VBS internal to the ventilator.
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1 leakage limit from ISO 80601-2-12 for Vinsp < 50 ml
2 leakage limit from ISO.80601-2-12 for 50 ml < Vinsp < 300 ml
3 leakage limit from/ISO-80601-2-12 for Vinsp = 300 ml
4 leakage limit from 1SO 80601-2-13
A Qreak for Vinsp=)50 ml
B Qieak for-50-ml = Vinsp = 300 ml
C Qreattfor Vinsp =2 300 ml
NOTE This assumes leakage behaves as an orifice according to Formula (AA.4).
Figure AA.4 — VBS leakage flowrate limits as a function of pressure
as specified in ISO 80601-2-12 and ISO 80601-2-13

— 201.104 — Indication of duration of operation

EMS ventilators require maintenance for continued safe use. A practicable means to ensure that this
information is available to the operator or the responsible organization is to require that the EMS
ventilator keep track of how long it has been in operation.

— 201.105.2 — Connection to electronic health record
Electronic documentation of patient care interventions is rapidly becoming the standard of care.
The primary motivations are to improve the quality of care for an individual patient through

accurate and complete documentation, and to improve the completeness and accuracy of aggregate
data to facilitate continuous quality improvement. In some countries, there is a governmental
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directive to provide electronic health records by 20151l Electronic data transmission to the
electronic health record is essential to meet this requirement. Annex BB contains information that
manufacturers can find useful as requirements for data interfaces.

The data transmission should be capable of being provided with such a functional connection in
accordance with AAMI 2700-1[411,

— 201.105.3 — Connection to a distributed alarm system

See
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107 — Timed ventilatory pause

ing artificial ventilation is necessary for certain clinical procedures.

[PLE Permitting defibrillator ECG analysis with a deflated lung, measuring_ (espirophasic blo¢d
ure variation, turning the patient.

ently, in order to avoid nuisance alarm signals and to avoid cycling the ventilator while the VBS
connected from the patient, operators usually turn off the ventilator/and thereby incur the risk
detected prolonged apnoea by subsequently forgetting to turn the ventilator back on.

dition, there are situations where, to permit the minimum disruption of ventilation, the
tion of the ventilatory pause needs to come from ekternal equipment. This is particularly
rtant for those procedures (e.g. when manual synchrenization would be less effective)(51l.

art of the risk management process, special atténtion should be paid to ensuring that the
nt's lungs remain adequately ventilated when either externally generated or repetitiye
latory pauses occur.

expiratory pause should be capablevof being provided with such a functional connection n
Fdance with AAMI 2700-11321,

107.1 — Expiratory-pause

i)
he rationale for 201.12.4.103.1 d) 2) in Clause AA.2.
107.2 — Inspiratory pause

ii)

See

erationale for 201.12.4.103.1 d) 2) in Clause AA.2.

— 202

.4.3.1 — Compliance criteria

[t is not the intent of the committees to require that the immunity tests be performed multiple times

(e.g.

with volume-control inflation-type and pressure-control inflation-type at several inspiratory

volumes), but that the manufacturer should determine which inflation-type and inspiratory volume
represents the worst-case condition for a given immunity test and use those conditions.

— 202

The

.8.1.101 — Additional general requirements

committees recognized that during environmental stress (for example, shock, vibration,

electromagnetic disturbances) ventilator performance can degrade. In such a situation, the duration
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