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Foreword

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

al

so take part in the work. ISO collaborates closely with the International Electrotechnical
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ne procedures used to develop this document and those intended for its further maintendnce afre
pscribed in the ISO/IEC Directives, Part 1. In particular, the different approval criteria'needed
r the different types of ISO documents should be noted. This document was-drafted jn
cordance with the editorial rules of the ISO/IEC Directives, Part 2 (see www.iso.0rg/directives).

'tention is drawn to the possibility that some of the elements of this documentmay be the subject
patent rights. ISO shall not be held responsible for identifying any of{all such patent righf
btails of any patent rights identified during the development of the_document will be in the
troduction and/or on the ISO list of patent declarations received (see www.iso.org/patents).

v

hy trade name used in this document is information given for‘the convenience of users and does
bt constitute an endorsement.

r an explanation of the voluntary nature of standards} the meaning of I1SO specific terms and
(pressions related to conformity assessment, as wellas information about ISO's adherence to the
orld Trade Organization (WTO) principles in“the Technical Barriers to Trade (TBT) s¢e
ww.iso.org/iso/foreword.html.
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his document was prepared jointly by Technical Committee ISO/TC 121, Anaesthetic and
spiratory equipment, Subcommittee-SC 3, Respiratory devices and related equipment usqd
r patient care, and Technical-Committee IEC/TC 62, Electrical equipment in medicl
ractice, Subcommittee 62D, Electromedical equipment.

his first edition cancel§ ahd replaces ISO 10651-3:1997, which has been technically
vised. The main changes compared to the previous edition are as follows:

L extension of thé-scope to include the EMS ventilator and its accessories, where the
characteristies-of those accessories can affect the basic safety or essential performange
of the ventilator for the emergency medical services environment, and thus not only the
ventilatar for the emergency medical services environment itself;

- identification of essential performance for ventilator for the emergency medical services

environment and its accessories;

— modification of the tests for environmental conditions (via IEC 60601-1-12);

— modification of the tests for alarm conditions (via IEC 60601-1-8);

— modification of the tests for electromagnetic disturbances (via IEC 60601-1-2);

— addition of the following:

— tests for ventilation performance;

— test for instability from unwanted lateral movement;

© ISO 2020 - All rights reserved
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— test for audible acoustic energy;

— tests for mechanical strength (via IEC 60601-1-12);

— tests for environmental conditions (via IEC 60601-1-12);
— tests for alarm conditions (via IEC 60601-1-8);

— tests for electromagnetic disturbances (via IEC 60601-1-2);

— inclusion of the usability engineering process (via IEC 60601-1-6);
— new symbols;

— requirements for ventilator for the emergency medical services environment as|a
component of an ME system;

— tests for enclosure integrity (water ingress via [EC 60601-1-12){
— tests for cleaning and disinfection;

— determination of probability of component failure during the expected service life;
— delivered gas maximum enthalpy requirement;

— performance test and disclosure requirements:for other inflation-types;
— enhanced inspired oxygen monitoring equipment requirements;

— consideration of input gas of Oxygen 93 %;

— use of the vocabulary and semantics of ISO 19223:2019;

— consideration of contamination of the breathing gas delivered to the patient from
the gas pathways.

Allist of all parts in the 1S@-80601 series and the IEC 80601 series can be found on the
[0 website.

Apy feedback or quéestions on this document should be directed to the user’s nationpl
sandards body:N"A complete listing of these bodies can be found at
www.iso.org/members.html.
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Introduction

This document is a major update of the requirements for a ventilator for the emergency
medical services environment. It includes harmonizing the requirements from ISO 10651-3,
which it replaces, with the third edition of IEC 60601-1 including its first amendment, the
fourth edition of IEC 60601-1-2, the second edition of IEC 60601-1-6 including its first
amendment, the third edition of IEC 60601-1-8 including its first amendment and the first
edition of IEC 60601-1-12.

In this document, the following print types are used:
— Requirements and definitions: roman type;

—r Instructions, test specifications and terms defined in clause 3 of the general standard, |n
this particular document or as noted: italic type;

— Informative material appearing outside of tables, such as notes, examples and references{in'smaller type. Normatiye
text of tables is also in a smaller type.

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 a numbered subdivision of a clause (e.g. 201.7, 201.8 and 201.9 are
all subclauses of Clause 201).

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

I1] this document, the conjunctive.‘©r” is used as an “inclusive or” so a statement is truel|if
any combination of the conditions"is true.

For the purposes of this doeument, the auxiliary verb:

— “shall” means that ‘eonformance with a requirement or a test is mandatory for
conformance with-this document;

— “should” means that conformance with a requirement or a test is recommended but |s
not mandatory for conformance with this document;

— “may’\is used to describe permission (e.g. a permissible way to achieve conformange
withra requirement or test);

“ean" 1o nicad ta dacer
oI oot t—Tto—atotr

oscibhilitvy ar canahilityy: and
¥ P T e
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b
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— "must" is used to express an external constraint.
Annex C contains a guide to the marking and labelling requirements in this document.
Annex D contains a summary of the symbols referenced in this document.

An asterisk (*) as the first character of a title or at the beginning of a paragraph or table
title indicates that there is guidance or rationale related to that item in Annex AA.

viii © ISO 2020 - All rights reserved
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Medical electrical equipment —

Part 2-84:
Particular requirements for basic safety and essential

ginmmanmahzmdam:s_ﬁmme_emﬂmmﬂthsaﬂdLes
vironment

201.1 Scope, object and related standards
Clause 1 of the general standard applies, except as follows:
NPTE The general standard is IEC 60601-1:2005+AMD1:2012.
2p1.1.1 * Scope
Replacement:
T
c

his document applies to the basic safety and essential performance of an EMS ventjlator in
dpmbination with its accessories, hereafter also referred to as ME equipment:

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

— intended to be operated by a healthcare professional operator;

—L intended for use in the EMS(environment; and

—t intended for invasive ersnon-invasive ventilation.

NPTE 1 An EMS ventilator can also be used for transport within a professional healthcare facility.

*An EMS ventilator'is not considered to utilize a physiologic closed loop-control system unless it
uses a physialogical patient variable to adjust the ventilation therapy settings.

This dociment is also applicable to those accessories intended by their manufacturgr to be
connected to the ventilator breathing system, or to an EMS ventilator, where the charadteristics
of thiose accessories can affect the basic safety or essential performance of the EMS ventilator.

NOTE 2 If a clause or subclause is specifically intended to be applicable to ME equipment only, or to ME systems
only, the title and content of that clause or subclause will say so. If that is not the case, the clause or subclause applies
both to ME equipment and to ME systems, as relevant.

Hazards inherent in the intended physiological function of ME equipment or ME systems within

the scope of this document are not covered by specific requirements in this document except in
IEC 60601-1:2005, 7.2.13 and 8.4.1.

NOTE 3 Additional information can be found in IEC 60601-1:2005+AMD1:2012, 4.2.

This document does not specify the requirements for the following:

© IS0 2020 - All rights reserved 1
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— ventilators or accessories intended for ventilator-dependent patients in critical care applications,
which are given in ISO 80601-2-12.

— ventilators or accessories intended for ventilator-dependent patients in the home healthcare
environment, which are given in ISO 80601-2-72[1.

— ventilators or accessories intended for anaesthetic applications, which are given in ISO 80601-
2-13141,

— ventilators or accessories intended for ventilatory support equipment (intended only to augmengthe

vent

ISO 80601-2-80161".

— obst

— oper

— gas-powered emergency resuscitators, which are given in ISO 10651-5[9

— cont
— high

— high

NOTH4 An EMS ventilator can incorporate high-frequéency jet or high-frequency oscillatory ventilation-

mode|

— cuirgss or “iron-lung” ventilators.

201.1.2 Object

Replacement:

The objg
requirer

Accesson
to have
perform

NOTE 1
ISO 16144

lation of spontaneously breathing patients), which are given in ISO 80601-2-7931) and

‘uctive sleep apnoea therapy ME equipment, which are given in ISO 80601-2-70%¥

itor-powered resuscitators, which are given in ISO 10651-4181.

nuous positive airway pressure (CPAP) ME equipment.
frequency jet ventilators (HF]Vs), which are given in ISO 80601-2-87(11].

frequency oscillatory ventilators (HFOVs)[10l, which are'given in ISO 80601-2-87111l,

5.

pct of this particular document is to establish basic safety and essential performang¢e
hents for an EMS ventilator, as defined in 201.3.201, and its accessories.

ies are included-beeause the combination of the EMS ventilator and the accessories needs
hcceptable riskyAccessories can have a significant impact on the basic safety or essentinl
ince of an EMS ventilator.

This document has been prepared to address the relevant essential principles of safety and performance of
-1:2076as indicated in Annex CC.

NOTE 2

tThisdocumentrasbeemr prepared to addressthe Tetevant generat safety amd perfornrarce TequiTenents

of European regulation (EU) 2017/745.

1 IS0 80601-2-79 and ISO 80601-2-80 replace ISO 10651-6, which has been withdrawn.

© IS0 2020 - All rights reserved
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201.1.3 Collateral standards
Amendment (add at the end of the subclause):

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.

IEC 60601-1-2, IEC 60601-1-6, IEC 60601-1-8 and IEC 60601-1-12 apply as modified in Clauses
202,206,208 and 212 respectively. IEC 60601-1-3(121 and IEC 60601-1-11 do not apply. All other
published collateral standards in the IEC 60601-1 series apply as published.

201.1.4 Particular standards

Replacement:

I the IEC 60601 series, particular standards may modify, replace or delete requirements
contained in the general standard, including the collateral standards, as”appropriateg for the
particular ME equipment under consideration, and may add other (basic safety or pssential
performance requirements.
A
c

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

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

The numbering of clauses and subclauses of this particular document corresponds to thojse of the
general standard with the prefix “201” (e.g. 2031 in this document addresses the cdntent of
Clause 1 of the general standard) or applicable collateral standard with the prefix “2xx” where
xX is the final digits of the collateral standard document number (e.g. 202.4 in this dpcument
afldresses the content of Clause 4 of the IEC 60601-1-2 collateral standard, 208.4 in this
dpcument addresses the content of Clause 4 of the IEC 60601-1-8 collateral standard, gtc.). The
clhanges to the text of the general.standard are specified by the use of the following words:

“Replacement” means that the Tlause or subclause of IEC 60601-1:2005+AMD1:2012 or the
applicable collateral standard‘is replaced completely by the text of this particular docurment.

«

Addition” means that the text of this document is additional to the requirements of IEC 60601-
1{2005+AMD1:2012 or'the applicable collateral standard.

! or the

mbered
ard are
bginning
b), 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 IEC 60601-1:2005+AMD1:2012 or the applicable collateral standard, although possibly not
relevant, applies without modification; where it 1is intended that any part of

© IS0 2020 - All rights reserved 3
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[EC 60601-1:2005+AMD1:2012 or the applicable collateral standard, although possibly relevant,
is not to be applied, a statement to that effect is given in this particular document.

201.2 Normative references

The 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.

Clause 2|of the general standard applies, except as follows:

Replacement:

ISO 7010:2019, Graphical symbols — Safety colours and safety signs — Registered saféty signs
ISO 1905%4:2005+AMD1:2016, Rail systems for supporting medical equipment

IEC 60601-1-2:2014, Medical electrical equipment — Part 1-2: General réquirements for basjc
safety dnd essential performance — Collateral Standard: Electromagnetic disturbances +
Requirements and tests

IEC 60601-1-6:2010+AMD1:2013, Medical electrical equipment,=<Part 1-6: General requirements
for basiqsafety and essential performance — Collateral Standdrd: Usability

IEC 606(01-1-8:2006+AMD1:2012, Medical electrical equipment — Part 1-8: General requirements
for basiqsafety and essential performance — Collateral. Standard: General requirements, tests and
guidanceé for alarm systems in medical electrical equipment and medical electrical systems

IEC 61672-1:2013, Electroacoustics — Sound leyél'meters — Part 1: Specifications

IEC 62304:2006+AMD1:2015, Medical device software — Software life cycle processes
Addition}
ISO 32:1977, Gas cylinders for medical use — Marking for identification of content

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

ISO 4871:1996, Acouistics — Declaration and verification of noise emission values of machinery and
equipmept

and sockets

ISO 535,;]3-1:2015, Anaesthetic and respiratory equipment — Conical connectors — Part 1: Cones

IS0 5359:2014+AMD1:2017, Anaesthetic and respiratory equipment — Low-pressure hose
assemblies for use with medical gases

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

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

ISO 8836:2019, Suction catheters for use in the respiratory tract

IS0 9000:2015, Quality management systems — Fundamentals and vocabulary
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[SO 9360-1:2000, Anaesthetic and respiratory equipment — Heat and moisture exchangers (HMEs)
for humidifying respired gases in humans — Part 1: HMEs for use with minimum tidal volumes of
250 ml

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

ISO 10524-1:2018, Pressure regulators for use with medical gases — Part 1: Pressure regulators

pu ) | DS sl L] £ H o) H
amga Preosurc recyutruturs WILIT JIOVWTTTICLCTITIY UCVILTS

[0 10524-3:2018, Pressure regulators for use with medical gases — Part 3: Pressure/rdgulators
integrated with cylinder valves

[§0 14937:2009, Sterilization of health care products — General() requirements for
characterization of a sterilizing agent and the development, validation and routine confrol of a
stlerilization process for medical devices

10 16142-1:2016, Medical devices — Recognized essential principles of safety and performance of
medical devices — Part 1: General essential principles and additiejial specific essential principles
fdr all non-1VD medical devices and guidance on the selection df standards

[§0 17510:2015, Medical devices — Sleep apnoea breathing therapy — Masks and application
agcessories

10 17664:2017, Processing of health care products.=— Information to be provided by they medical
device manufacturer for the processing of medical‘devices

[0 18562-1:2017, Biocompatibility evalyation of breathing gas pathways in hefalthcare
applications — Part 1: Evaluation and testing within a risk management process

[0 19223:2019, Lung ventilators and.-related equipment — Vocabulary and semantics

1§0 23328-1:2003, Breathing systém filters for anaesthetic and respiratory use: — Part 1:|Salt test
method to assess filtration pérformance

1§0 23328-2:2002, Bredthing system filters for anaesthetic and respiratory use: — Part 2: Non-
filtration aspects

10 80369-1:2018; Small-bore connectors for liquids and gases in healthcare applications — Part
1) General requivements

[0 80601-2-12:2020, Medical electrical equipment — Part 2-12: Particular requirenients for
basic safety and essential performance of critical care ventilators

[1§080601-2-55:2018, Medical electrical equipment — Part 2-55: Particular requirements for the
basic safety and essential performance of respiratory gas monitors

ISO 80601-2-74:2017, Medical electrical equipment — Part 2-74: Particular requirements for the
basic safety and essential performance of respiratory humidifying equipment

IEC 60601-1:2005+AMD1:2012, Medical electrical equipment — Part 1: General requirements for
basic safety and essential performance

I[EC 60601-1-10:2007+AMD1:2013, Medical electrical equipment — Part 1-10: General
requirements for basic safety and essential performance — Collateral Standard: Requirements for
the development of physiologic closed-loop controllers
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[EC 60601-1-11:2015, Medical electrical equipment — Part 1-11: General requirements for basic
safety and essential performance — Collateral Standard: Requirements for medical electrical
equipment and medical electrical systems used in the home healthcare environment

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

IEC 62366-1:2015, Medical devices — Part 1: Application of usability engineering to medical

devices

IEC 625]
magneti

201.3

For the j
1:2016+
ISO 175

(0:2014, Standard practice for marking medical devices and other items for safety_in‘the
F resonance environment

Terms and definitions

purposes of this document, the terms and definitions given in 1ISO 7010:2019, ISO 739
AMD1:2017, 1SO 8836:2019, 1S09000:2015, IS0 9360-1:2000;1SO 16142-1:201
10:2015, [SO 17664:2017, ISO 18562-1:2017, ISO 23328-2:200

IEC 606
IEC 606
IEC 606
ISO 806

ISO and
addressg

— ISO

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

NOTE An

201.3.2
EMS ver
ventilatg
ventilatg

201.4
Clause 4

201.4.3

Additionf

1-1-8:2006+AMD1:2012, IEC60601-1-10:2007+AMD1:2013, IEC60601-1-11:201
1-1-12:2014, 1EC 62304:2006+AMD1:2015, IEC 6236621:2015, 1SO 80601-2-12:202
1-2-74:2017 and the following apply.

b
b
P
1-1:2005+AMD1:2012, [EC 60601-1-2:2014, IEC 60601-1-6:201D,
5
0

[EC maintain terminological databases for use.in standardization at the following
¥

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

alphabetized index of defined terms is found in Annex DD.

D1

tilator

r for emergency medicalservices environment
r intended for use ifitthe EMS environment

General requirements
of the general standard applies, except as follows:

Essential performance

201.4.3

.101* Additional requirements for essential performance

Additional essential performance requirements are found in the subclauses listed in
Table 201.101.
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201.4.4 Additional requirements for expected service life

A

A

ag

In the risk management file, the manufacturer shall:

aa) state the probability of component failure that results in the ventilator needing to

I1SO 80601-2-84:2020(E)

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 alarm condition

expired volume, if equipped 201.12.4.103
1 £ail 201 12 109
8(13 auyyl_y Iarnurc ~VUL.19.1U4L
high airway pressure 201.12.4.105
internal electrical power source depleted 212.8.2
inspiratory oxygen concentration, if equipped 201.124.101

Subclauses 202.4.3.1 and 202.8.1.101 indicates methods of evaluating delivery of ventilation as
acceptance criteria following specific tests required by this document.

mendment (add as a second paragraph):

out of service during the expected service life, -assuming that the preventative ins
preventive maintenance and calibration are “performed according to the accon
documents; and

h) summarize the methodology used to détermine this probability.

01.4.6 * ME equipment or ME system parts that contact the patient

mendment (add at end of subclagiise):

) The VBS or its parts or géeessories that can come into contact with the patient shall b¢
to the requirements foryapplied parts according to this subclause.

dition:
01.4.11.101L-* Additional requirements for pressurized gas input
01.4.11.101.1 Overpressure requirement

An EMS ventilator shall:

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

be taken
pection,
panying

e subject

of input

pressure; and

2) not cause an unacceptable risk under the single fault condition of an input pre
1 000 kPa.

b) An EMS ventilator with a maximum rated input pressure in excess of 600 kPa shall n
an unacceptable risk under the single fault condition of twice the maximum rated input

©

pressure.

ssure of

ot cause

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.

ISO 2020 - All rights reserved
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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 specification.

Check conformance 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.

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 739({3-1:2016+AMD1:2017, then:

a) the [rated range of input pressure shall cover the range specified in [S0;7396-
1:20(16+AMD1:2017; and

b) undé¢r normal condition,

1) the maximum input flow required by the EMS ventilator for each_gas’shall not excedd
b0 1/min averaged over 10 s at a pressure of 280 kPa, measured atthe gas intake por
ind

~
-

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;

1i) the maximum transient input flow averaged for 3 s required by the EMS ventilator for
each gas at a pressure of 280 kPa, measured at the gas intake port; and

{ii) a warning to the effect that this EMS ventilator is a high-flow device and should only
be connected to a pipeline installation designed using a diversity factor that allows
for the indicated high flow@tya specified number of terminal outlets, in order to avold
exceeding the pipeline design flow, thereby minimising the risk that the EMS
ventilator interferes with the operation of adjacent equipment.

Check cdnformance by functiornal testing in normal use and under normal condition with the mofst
adverse pperating settings aind by inspection of the accompanying documents.

EXAMPLE Highest driving gas consumption under worst-case settings for Rate and inspiratory volume and worst-
case medigal gas pipeling-system conditions within the rated range for inlet pressure.

201.4.11.101.3 Compatibility requirements for pressure regulators

If the EMS wentilator is intended to be connected to an oxygen gas cylinder via a pressute
regulatolr then:

a) the rated range of input pressure shall cover the range specified in ISO 10524-1:2018 or
ISO 10524-3:2018; and

b) under normal condition, the 10 s average input flow required by the EMS ventilator for oxygen
shall not exceed 40 1/min at a pressure of 360 kPa, measured at the gas intake port.

Check conformance by functional testing in normal use and under normal condition with the most
adverse operating settings 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.
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201.5 General requirements for testing of ME equipment

Clause 5 of the general standard applies, except as follows:

Addition:

201.5.101 * Additional requirements for general requirements for testing of
ME equipment

201510 HEMS ventilator-testeonditions

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|medical
gas, as appropriate, unless otherwise stated.

b) When using substitute gases, care should be taken to ensure that the test gases arg oil-free
and appropriately dry.

2P1.5.101.2* Gas flowrate and leakage specifications

A]l requirements for gas flowrate, volume and leakage in.this document

a] are expressed at STPD,

b) except for those associated with the VBS, which are expressed at BTPS.
Correct all test measurements to STPD or BFPS, as appropriate.

2P1.5.101.3* EMS ventilator testing errors

a) For the purposes of this docuhient, declared tolerances shall be adjusted by the measpirement
uncertainty.

b) The manufacturer shdll)disclose the measurement uncertainty for each disclosed tolgrance in
the technical description.

Check conformanee by inspection of the instructions for use and the technical description.
201.6 Classification of ME equipment and ME systems
Clause 6-ofthe general standard applies.

201,7 ME equipment identification, marking and documents

Clause 7 of the general standard applies, except as follows:

201.7.2.3 * Consult accompanying documents

Replacement:

The EMS ventilator shall be marked with the safety sign for the mandatory action: “follow
instructions for use”, ISO 7010-M002 (see IEC 60601-1:2005/COR1:2006, Table D.2, Number
10).
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Addition:

201.7.2

.4.101 Additional requirements for accessories

a) Accessories supplied separately shall:

1) fulfil the requirements of 201.102.101; and

2) be marked with an indication of any limitations or adverse effects of the accessory on the
basic safety or essential performance of the EMS ventilator, if applicable. See also

2

b) If m3
for y

Check cd
adverse

201.7.2

a) Alln
mar

b) Such
c) Sym
d) The
Check co

201.7.2

a) Pack
clea

1) a

2) an identification reference to the batch, type or serial number or symbols ISO 7000-249
'able 201.D.2.10:15"symbol 2), ISO 70001461-2493 (Table 201.D.2.101, symbol 3) ¢r

(]

I

3) th
if

D1.7.2.13.101, 201.7.2.17.101 and 201.7.2.101.

irking the accessory is not practicable, this information may be placed in the instructioy
se.

nformance by inspection, inspection of the risk management file for any’limitations
pffects of the accessory, and when necessary, inspection of the instructions for use.

.13.101 Additional requirements for physiological effeets

atural rubber latex-containing components in the gas pathways or accessories shall t
ked as containing latex.

marking shall be clearly legible.

ol 5.4.5 from ISO 15223-1:2016[451, (Table 201.D:2:101, symbol 5) may be used.
nstructions for use shall disclose all natural'rubber latex-containing components.
nformance by inspection.

.17.101 Additional requirements for protective packaging

ages containing breathing attachhments intended for single use or for reuse shall hay
'ly legible markings of the folowing:

description of the contents.

0 7000-2498(Table 201.D.2.101, symbol 4).

e word #BATEX”, or symbol 5.4.5 from ISO 15223-1:2016 (Table 201.D.2.101, symbol 5
containing natural rubber latex.

1S

e

re

e

b) For

h specific model or type reference, the indication of single use shall be consistent for tH

model or type reference.

Check co

201.7.2

Amendm

nformance by inspection.

.18 External gas source
ent (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,

10
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cc) for oxygen gas inputs, the rated range of oxygen concentration,

dd) gas-specific colour coding in accordance with ISO 32:1977, if colour coding is used,

EXAMPLE

attached to the inlet connector.

Colour coding to match the colour of the flexible supply hose or a gas cylinder intended to be

NOTE Insome countries, other colour coding is used.
Agldition:
2P1.7.2.101* Additional requirements for marking on the outside of ME equjipment
or ME equipment parts
a] The EMS ventilator shall be provided with a clearly legible permanently attached |start-up
procedure 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 user interface.or’provided orally.
c] The marking of ME equipment, parts or accessories shall include the following:
1) any special storage or handling instructions.
2) any warnings or precautions relevant to the'immediate operation of the EMS ventilator.
3) an arrow indicating the intended direction of gas flow for the gas output port and the gas
return port. Symbol 0794 of ISO 7000 (Table 201.D.2.101, symbol 6) or Symbol{0795 of
ISO 7000 (Table 201.D.2.101, symbol 7) may be used.
d) Ifapplicable, operator-accessiblé marking of ME equipment, parts or accessories shal| include
the following:
1) for an EMS ventilatofinitended to be used in the magnetic resonance (MR) environment,
i) Symbol 7,3.1<1 (Table 201.D.2.101, symbol 9) or Symbol 7.3.1-2 (Table 201]D.2.101,
symbolA0) of IEC 62570:2014 for an ‘MR Safe’ EMS ventilator, or
ii) Symbol7.3.2 (Table 201.D.2.101, symbol 11) of IEC 62570:2014 for |an ‘MR
Conditional’ EMS ventilator,
in‘accordance with IEC 62570:2014.
2) an arrow indicating the direction of the flow for flow-direction-sensitive components that

are operator-removable without the use of a tool.

3) an indication of the date after which the ME equipment, part or accessory should not be
used, expressed as the year and month. Symbol ISO 7000-2607 (Table 201.D.2.101,
symbol 1) may be used.

4) a warning not to obstruct the gas intake port.

EXAMPLE1 WARNING: Gas Intake — Do not obstruct

5) for a sampling gas inlet, either with the text “Gas sample” or the Symbol ISO 7000-0794,
(Table 201.D.2.101, symbol 6).

© IS0 2020 - All rights reserved
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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):

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

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

Check canformance by inspection.

201.7.4.3 * Units of measurement

Amendmient (add to the bottom as a new row in Table 1):
All gas vplume, flow and leakage specifications:

aa) shal] be expressed at STPD; except
bb) for those associated with the VBS which shall be expressed-at.BTPS.
Addition}

201.7.4.101Labelling of units of measurement

Quantitqtive numeric indications of parameters and settings shall be labelled with the units pf
measurgment, either:

a) contjnuously; or
b) on operator action.
201.7.9.1 Additional general'requirements
Amendmient (replace the first dash with):
— Namle or trade name dnd address of
— the manufactincer; and

— yhere themanufacturer does not have an address within the locale, an authorizgd
representative within the locale,

to w}rich the responsible organization can refer;

201.7.9.2.1.101 Additional general requirements

The instructions for use shall disclose the following:

a) if the EMS ventilator, its parts or accessories are intended for single use, information on
known characteristics and technical factors known to the manufacturer that could pose a risk
if the EMS ventilator, its parts or accessories would be reused; and

b) the intended range of inspiratory volume.

Check conformance by inspection.
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201.7.9.2.2.101 * Additional requirements for warnings and safety notices

The instructions for use shall include:

a)

b)

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.”

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.

applicable, the instructions for use shall include the following:

Cheéeck conformance by inspection.

EXAMPLE1 WARNING: Do not position next to a blanket that blocks the flow of cooling air, thereby 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.

*a warning statement to the effect of “Warning: Always have . dmmediate acce$s to an
alternative means of ventilation, which is ready for use, in order €9-reduce the possjbility 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.

* a warning statement to the effect of “WARNING: Do'not add any attachments or acdessories
to the ventilator that are not listed as intended for use 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.6r additional serious deterioration of hlealth.”

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

a warning statement to the effect of “Warning: The ventilator shall not be used in a hyperbaric
chamber. Such use might cause the ventilator to not function correctly causing patient death
or additional serious-deterioration of health.”

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

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

201.7.9.2.8.101 * Additional requirements for start-up procedure

NOTE A start-up procedure includes a pre-use functional test that is used to determine whether the EMS
ventilator is ready for use.

a)
b)

c)

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

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.

Portions of this test method may:
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1) b

e automatically performed by the EMS ventilator; or

2) require operator action.

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

Check conformance by inspection of the instructions for use.

201.7.9.2.9.101 * Additional requirements for operating instructions

The instfuctions for use shall disclose:

a) alisting of the following pressures:

b)

g)

14

1) maximum limited pressure (P} max);

2) iflprovided, the rated range to which the maximum working pressure (Pjyl.) can be set,|[if

a

3) te means by which the maximum working pressure is accomplished.

the
of t
mai

1) inspiratory gas pathway resistance,
2) expiratory gas pathway resistance, and

3) VBS compliance.

the

displayed-variables as disclosed in the instructions for use.

EXA

djustable;

EXAMPLE 1 Pressure cycling, pressure limiting, pressure generation.

:re VBS, over which the accuracies of set and monitored volumes and pressures af
tained:

1) These specifications may'be presented in ranges.

1i) The accuracies of set’and monitored volumes may be presented as a function of theg
characteristics.

maximum-pressure).

ronditiens 'under which the EMS ventilator maintains the accuracy of controlled an

MPLE 2 Interval of calibration of a flow sensor.

fated range of the following characteristics of the assembled operator-detachable parfs

NOTE Compliance’ and resistance can be non-linear. These characteristics might need to be
specified ovef-a range (e.g. at 151/min, 30 1/min, 60 1/min and the maximum flowrate or the

e

d

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

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

any

special storage, handling, or operating instructions.

a cross reference between the manufacturer-specific naming of the ventilator's ventilation-
modes and the ventilation-mode systematic coding scheme in Annex E of ISO 19223:2019.
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whether or not the EMS ventilator is intended for use with closed suctioning.

Check conformance by inspection.

201.7.9.2.12  (Cleaning, disinfection, and sterilization

Amendment: (add after normal use)

or in single fault condition

Aprendment: {add ajter bulleted 115t)

Alldition:

aa) The instructions for use shall identify which portions of the gas pathways through

ventilator can become contaminated with body fluids or by microbial material'cony
the expired breathing gases during both normal condition and single fault'condition.

2P01.7.9.2.14.101 * Additional requirements for accessories, supplementary

equipment, used material

the EMS

eyed by

The instructions for use of the EMS ventilator shall include a statement to the effect that

al
antistatic or electrically conductive hoses or tubingrare not to be used in the ventilator
breathing system.
b) If applicable, the instructions for use of the EMS\ventilator shall disclose:
1) any restrictions on the positioning of components within the ventilator breathing system;
and
EXAMPLE  Where such components.are flow-direction-sensitive components.
2) any adverse effect of any recommended accessory on the essential performance|or basic
safety of the EMS ventilator(additional requirements are found in 201.16).
Check conformance by inspéction and inspection of the risk management file for any advefse effect
of any recommended acgessory.
2P1.7.9.3.1.101 *Additional general requirements
The technical description shall disclose:
a] *a sumimary description of the filtering or smoothing techniques for all meagured or
computed variables that are displayed or used for control necessary for the operator to form
a mental model of the operation of the ventilator;
b} —apreuvmatic diagram-ofthe EMSventilator-includinga-diagramforoperator-detachable parts
of the ventilator breathing system either supplied or recommended in the instructions for
use;
c) asummary description of the means of initiating and terminating the inflation phase in each

ventilation-mode of the EMS ventilator; and

d) the outside dimensions and mass of the EMS ventilator.

©
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If applicable, the technical description shall disclose:

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

EXAMPLE  Deadspace and resistance.

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

Check co

nformance by inspection.

201.7.9
The tech

a) ade
alar
and

b) whic

Check co

201.8

Clause 8

201.9

Clause 9

Additionf

201.9.4

a) An H
prev

b) The

1) 1
d

2) 2

.3.101 Additional requirements for the technical description

nical description shall disclose:

scription of a procedure for checking the functioning of the alarm system for€ach of the
m conditions specified in this document, if not performed automatically duting start-up;

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

Protection against electrical hazards from ME equipment
of the general standard applies.

Protection against mechanical hazards of ME equipment and
ME systems

of the general standard applies, exceptias follows:

3.101 * Additional requirements for instability from unwanted lateral
movement

'MS ventilator shall include a means by which the EMS ventilator can be attached fo
ent unwanted movement during transport while in use.

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

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

) gAonhgitudinal (forward, backward), 20 g transverse (left, right), 20 g vertical (dowT)

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

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

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

NOTE 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.

16
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f) The technical description shall disclose the technical details of this means for attachment.
Check conformance by inspection and functional testing.

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

201.9.4.4 Grips and other handling devices
Replace list item b) with:

b] A portable EMS ventilator shall be designed such that it can be carried by no more_than one
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 more than ong hand.

2) A carrying case or handle may be utilized to fulfill this requirement.
Amendment (add to the end of the conformance check):

Check conformance by functional testing while carrying-with no more than one hand.
2

01.9.6.2.1.101 Additional requirements for-audible acoustic energy

Lml

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

1) measured in accordance with [S@4871:1996 and ISO 3744:2010 using engiineering
method grade 2; and

2) disclosed in the instructionsfor use.

b) The A-weighted sound power level shall be:

1) calculated according/to 8.2.5 and 8.6 of ISO 3744:2010; and
2) disclosed in the“instructions for use.

Check conformance with the following test:

c) Placethe EMS ventilator on the sound-reflecting plane and attach the least favourable VBS from
those-indicated in the instructions for use.

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

d) If a humidifier is provided with the EMS ventilator, include the humidifier filled to the least
favourable level in the test.

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

— 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.

— Connect the patient-connection port to the test lung.

© IS0 2020 - All rights reserved 17
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f) Setthe 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 The least favourable ventilation-mode, inflation-type and flow pattern can vary by VBS configuration.

g) 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-weigthed sound
pressure level using frequency-weighting A and the time-weighting F of the sound level meter
(i.e. Larmax) at 10 positions in a hemisphere with a radius from the geometric centre of the EMS
ventflator in a jree jield over a rejlecting plane as specijied in 8.1.1 of ISU 3744:2010. Average
the walues in accordance with 8.2.2 of 1SO 3744:2010.

h) Calculate the A-weighted sound pressure level averaged over the measurement -Surfage
accolrding to 8.2.2 of ISO 3744:2010.

i) Calcplate the A-weighted sound power level according to 8.6 of 1SO 3744:2010,

j) Confiirm that the criteria for background noise specified in 4.2 of 1SO 3744;2010 are fulfilled.

k) Ensure that the measured sound pressure level is less than or equd) to that disclosed in the
instructions for use.

Table 201.102 — Test conditions for acoustic tests

Testeondition
Adjpstable parameter For an EMS ventilator intended to provide tidal volume
Vinsp 2300 ml 300 ml 2 V5, 250 ml Vinsp <50 ml

Tidallvolume, Va2 500 ml 150 ml 30 ml
Rate 10 min-? 20 min-1 30 min-1
L:E rdtio 1/2 1/2 1/2
BAP 5 hPa 5 hPa 5 hPa
Linedr resistance, Rb[13][14][15] 5thPa(l/s)-1 +10 % 20 hPa(l/s)-1+10 % 50 hPa(l/s)-1 +10 %
Isothrmal Compliance, CP 50 ml hPa-1+5 % 20 ml hPa-1£5 % 1 mlhPa-145%
a tida] is measured by means of a pressure sensor at the test lung, where V= Cx P, , and

Vr is the volumédelivered to the test lung

C is thedsothiermal Compliance of the test lung

Pmax  is théimaximum pressure measured in the test lung

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

201.10 Protection against unwanted and excessive radiation hazards

Clause 10 of the general standard applies.
201.11 Protection against excessive temperatures and other hazards
Clause 11 of the general standard applies, except as follows:

201.11.1.2.2 * Applied parts not intended to supply heat to a patient
Amendment (add between the existing paragraphs):

Over the rated flowrate range and at the maximum rated operating temperature, the temperature
of the gas delivered by the ventilator at the patient-connection port, both with and without each
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humidifier specified for use in the instructions for use, when averaged over 120 s shall neither
exceed

aa) 70 °C; nor

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

when averaged over 120 s.

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

Table 201.103 — Examples of permissible combinations of temperatute’and relative

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

2P01.11.6.6 * Cleaning and disinfection of ME equipment or ME system

Amendment (add additionalyrequirement as new first paragraph):

aa) Gas pathways thnough 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 expired
gases duringriormal condition or single fault condition shall be designed to allow dismantling:

1) for cleaning and disinfection; or

2) for cleaning and sterilization

NQTE 1 Additional requirements are foundin 1167 of IEC 60601-1-2005+AMD1:2012

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

bb) 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.

NOTE 2 1SO 14159019 provides guidance for the design of enclosures.

cc) Processing procedure instructions for the EMS ventilator and its accessories shall:

1) conform with ISO 17664:2017 and I1SO 14937:2009; and
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2) be disclosed in the instructions for use.

Check conformance by inspection of the risk management file and conformity with 1SO 17664:2017.
When conformance with this document could be affected by the cleaning or the disinfection of the
EMS ventilator or its parts or accessories, clean and disinfect them for the number of processing
cycles and in accordance with the methods indicated in the instructions for use, including any
cooling or drying period. After these procedures, ensure that basic safety and essential performance
are maintained. Confirm that the manufacturer has evaluated the effects of multiple process cycles
and the effectiveness of those cycles.

201.11

6.7 Sterilization of ME equipment or ME system

Amendment (add note before compliance test):

NOTE

201.11

Additional requirements are found in 11.6.6 of IEC 60601-1:2005+AMD1:2012.

7  Biocompatibility of ME equipment and ME systems

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

aa) The
man

ngement process the risks associated with the leaching or leaking of substances into th

gas pathway.

bb) The
cc) A Vi
class
cond
subs
1) o
2) o
dd) The
1) E
2) (1
3) IS

ee) If th
trea

gas pathways shall be evaluated for biocompatibility according to 1SO 18562-1:2017.

ified as endocrine disrupting, carcinogenicismutagenic or toxic to reproduction, in
entration that is above 0,1 % weight by;weight, shall be marked as containing sug
tances:

1 the VBS, its parts or accessories itself; or

1 the packaging.

symbols of

N 15986:2011147]

'able 201.D.2.0¥, symbol 8) may be used for phthalates.

0 7000-2725 (Table 201.D.2.101, symbol 9) may be used for other substances.

e intended use of a VBS, its parts or accessories includes treatment of children
ment of pregnant or nursing women, a specific justification for the use of thes

manufacturer of a ventilator, VBS, its parts and accessories_Shall address in the ri§

BS, its parts or accessories that contain phthalates or other substances, which ar

sub

ances shait be mmchuded i the risk rmanagernent fiie:

ff) The instructions for use shall contain information:

1) on residual risks for these patient groups; and

2) if

20

applicable, on appropriate precautionary measures.

h
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201.12 Accuracy of controls and instruments and protection against
hazardous outputs

Clause 12 of the general standard applies, except as follows:
Addition:

201.12.1.101 * Volume-control inflation-type

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.

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 tothe-set tidal volume;
2) the maximum error of the PEEP in relation to the set valué of BAP; and

3) *the maximum error of the inspiratory oxygen®(0O,) concentration at the |patient-
connection port in relation to the set value.

4) The disclosed accuracies shall include the effects of the rated input oxygen concentration.
c] All of the errors may be reported separately for the following ranges of intended tida| volume:
1) Viiga = 300 ml

2) 300ml 2 V4, 2 50 ml

3) Viiga < 50 ml

d) The accuracy of the'pérformance of the EMS ventilator shall either be:

1) determinedfot 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 1 The worst-case VBS configuration can be different for each error or nominal inspiratory volume.

e] -lf>worst-case VBS configurations are used, the rationale for their selection ghall be

Aocrymantad in tha wicl, sy o danymans 715
UUCUIITICIILtC U 111 LVITC 7107V lllulluy(,lllbllbjll(/-

Check conformance by inspection of the risk management file for the rationale, if applicable, and
with the following tests:

NOTE 2 In some cases, the following tests can be carried out simultaneously.
f) Tidal volume and end-expiratory pressure errors

1) Set up the EMS ventilator as shown in Figure 201.101.
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2) lIfapplicable, 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.

3) Utilize the test parameters and settings of the first applicable row (selected by intended
tidal volume) of Table 201.104.

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

Key
EMS Ventilator under test

pressfire sensor

flow gensor, with a 10 % to 90 % rise time of no greater than 10 ms
oxygein sensor

data dcquisition system, with-minimum sample rate of 200 samples/s
tempgrature sensor

test Iyng resistance (Riung)

pressfire sensorywith a 10 % to 90 % rise time of no greater than 10 ms

O 0 N O U1 »H» W N -

test Iyng comptliance (Ciung)

[uny
(==}

test lyng

1 1 . 1 1LLRC
The OoXygemrsensor nray oc pracca 11t threVB5:

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

5) 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 lung pressure, compensated for temperature
effects due to fast compression of the gas, if necessary.

NOTE 3  Additional information on the construction of an isothermal test lung is found in Reference [20].
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6) Compare the result with the volume setting for the test and the resulting difference with
the tolerance indicated in the instructions for use.

7) 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 5). Refer to 201.12.1.104.

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

50 ms of the expiratory phase.

* Table 201.104 — Volume-control inflation-type testing
Test lung parameters EMS ventilator settings
Compliance Linear . a Inspiratony +|Vg b Bap
Test resistance Tidal Rate time 2
number [13][14][15] volume
111111/0115;: hPa/l/s ml breaths/min s % hPla
+10 % (cmH:20)
1 50 5 500 20 1 30 5
2 50 20 500 12 1 85 1
3 20 5 500 20 1 85 5
4 20 20 500 20 1 30 1
5 20 20 300 20 1 30 5
6 20 50 300 12 1 85 1
7 10 50 300 20 1 30 1
8 10 10 200 20 1 85 5
9 3 10 50 30 0,6 30 5
10 3 20 50 30 0,6 30 1
11 3 50 50 20 0,6 60 5
12 3 20 30 30 0,6 30 5
13 3 50 30 20 0,6 85 1
14 1 20 30 30 0,6 85 5
15 1 100 30 30 0,6 30 1
16 1 200 20 50 0,4 30 5
17 1 200 15 50 0,4 60 1
18 1 50 10 60 04 60 5
19 0,5 50 5 60 0,4 60 10
20 0,5 200 5 30 0,4 30 5
21 0,5 200 5 60 0,4 30 10
a  Ifthe end-expiratory flow does not reach zero, reduce the Rate until it does.
b In the case that EMS ventilator does not provide the settings as specified in column Oz, select the closest available 02 EMS
ventilator setting.

© IS0 2020 - All rights reserved
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9) Compare the result with the BAP setting for the test and the resulting difference with the
tolerance indicated in the instructions for use.

10) Repeat 3) to 9) for 30 consecutive inflations.

11) Repeat 4) to 10) for each applicable row (selected by intended tidal volume) of
Table 201.104.

12) 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.

13) Unless it can be demonstrated that the worst-case flow pattern (e.g. constant-flow,
]:ecelerating flow) has been selected for the tests, repeat 2) to 12) for each flow -pattefn
vailable on the EMS ventilator.

14) If the EMS ventilator permits operation without compliance corrections xepeat 2) to 18)
without compliance correction.

g) O, error

The ficcuracy of the inspiratory O, concentration of the gas delivered is assessed by placing the
senspr of an 0, concentration-measuring device at the patient-connection port or inside the teft

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.

1) Evaluate the measured O, concentration with*the acceptance criteria derived from the (),

Jetting for the test and the measurement un¢ertainty. Compare the resulting difference with
he tolerance indicated in the instructions for use.

2) Ifthe sensor is located inside the testlung, care should be taken to allow sufficient time faqr
he gas mixture in the test lung/to-reach a stable concentration.

3) If the sensor is located in.the tubing system, care should be taken to ensure that the
Eeasuring device has a'sufficiently fast response to permit determination of the flow-
eighted average concentration during the inflation phase.

4) If the O, concengration measuring device has pressure dependencies, compensate for these
dependencies.

5) C(Qomparé.each result with the acceptance criteria derived from the O, setting for the test

1), above, the measurement uncertainty and the tolerance indicated in the instructions for
is€.

=

201.12.1.102 * Pressure-controlled inflation-type

a) If provided with a pressure-controlled inflation-type, with the pressure-controlled 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.

EXAMPLE * (3,0+(5 % of the set pressure)) hPa (* (3,0 +(5 % of the set pressure)) cmH20)

b) This disclosure shall include at least:
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1) the maximum error of the airway pressure (P,,,) at the end of the inflation phase in relation
to the set value;

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

3) *the maximum error of the inspiratory oxygen (O concentration at the patient-
p y yg 2 p
connection port in relation to the set value.

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

c] All of the errors may be reported separately for the following ranges of intended-tida| volume:
1) Viigar 2 300 ml

2) 300 ml 2 V4, 2 50 ml

3) Viidal < 50 ml

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

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

2) determined for the worst-case VBS configuration indicated in the instructions forjuse.

NOTE 1 The worst-case VBS configuration can be different for each error or each nominal inspiratqry volume
range.

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

Check conformance by inspection'ef the risk management file for the rationale, if applicdble, and
wiith the following tests:

NQTE 2 In some cases, the following tests can be carried out simultaneously.
fl End-inspiratory.-and end-expiratory pressure errors

1) Set up the-EMS ventilator as shown in Figure 201.101.

2) Ifapplicable, 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.

3] Utilize the test parameters and settings oj the Jirst applicable row (selected Dy typical
intended tidal volume) of Table 201.105. Wait until steady-state conditions are achieved.

4) Determine the airway pressure at the end of the inflation phase as the average over the
preceding 50 ms.

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

6) 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
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lung compliance and the measured change of lung pressure, compensated for temperature
effects due to fast compression of the gas, if necessary.

NOTE 3  Additional information on the construction of an isothermal test lung is found in Reference [20].

* Table 201.105 — Pressure-controlled inflation-type testing

Test lung parameters EMS ventilator settings
Intended
tidal Compliance Linear 4 BAP
0 - - -
Test volume? Resistance Rate Insp.n'atcory msplrator(;y 0:*
number [13][14][15] time pressure
ml/hPa hPa/l/s hPa
ml :1/0 % :1(4 0//0 breaths/min s % O (cmH:0)
hPa
1 500 50 5 20 1 10 30 5
2 500 50 20 12 1 15 85 10
3 500 20 5 20 1 25 85 5
4 500 20 20 20 1 25 30 10
5 300 20 20 20 1 15 30 5
6 300 20 50 12 1 25 85 10
7 300 10 50 20 1 30 85 5
8 200 10 10 20 1 25 30 10
9 50 3 10 30 0,6 15 30 5
10 50 3 20 30 0,6 15 30 10
11 50 3 50 20 0,6 25 60 5
12 30 3 20 30 0,6 10 30 5
13 30 3 50 20 0,6 15 85 10
14 30 1 20 30 0,6 30 85 5
15 30 1 100 30 0,6 30 30 10
16 20 1 200 50 0,4 20 30 5
17 15 1 200 50 0,4 15 60 10
18 10 1 50 60 0,4 10 60 5
19 5 0,5 50 60 0,4 15 60 10
20 5 0,5 50 30 0,4 10 30 5
21 5 0,5 200 60 0,4 15 30 10
a The Yolume 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.
b If the end-expiratory flow does not reach zero, reduce the Rate until it does.
c 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.
d For the purposes of this test, the set pressure is relative to set BAP.
e If the EMS ventilator does not provide the settings as specified in column Oz, select the closest available 02 EMS ventilator setting.

7) 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 6). Refer to 201.12.1.104.
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8) Determine the PEEP as the average of the airway pressure measurements over the last
50 ms of the expiratory phase.

9) Compare the result with the acceptance criteria derived from the BAP setting for the test,
the measurement uncertainty and the resulting difference with the tolerance indicated in

the instructions for use.

10) Repeat 2) to 9) for 30 consecutive inflations.

T11) Repeat Z] to 1U] jor each applicable row (selected by Intended tidal volume) of
*Table 201.105.

12) If a humidifier is included in the VBS, repeat the airway pressure tests wWith the minimum
humidifier water level without re-determining the VBS compliance.

13) If the EMS ventilator permits operation without compliance corkection, repeat 2) to 12)
without compliance correction.

g) O,error

The accuracy of the inspiratory O, concentration of the gas’delivered is assessed by plgcing the
sensor of an 0, concentration-measuring device at the pdatient-connection port or inside the test

lung. If the sensor is located at the patient-connection port, the value of the concentyation is
the flow-weighted average concentration as a function of flow during the inflation phgse.

1) Evaluate the measured O, concentration with the acceptance criteria derived from the O,

setting for the test and the measurement uncertainty. Compare the resulting differdnce with
the tolerance indicated in the instiuctions for use.

2) lIfthe sensor is located insidethe test lung, care should be taken to allow sufficient|time for
the gas mixture in the test\lung to reach a stable concentration.

3) 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.

4) Ifthe O, concentration-measuring device has pressure dependencies, compensate for these
dependencies.

5) Cémpare each result with the acceptance criteria derived from the O, setting for the test in

f), above, the measurement uncertainty 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 the
ventilator operating in normal condition,

1) the performance at the patient-connection port; and
2) their acceptance criteria;

as determined by the manufacturer, shall be disclosed in the instructions for use.
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3) The disclosed performance and acceptance criteria shall include the effects of the range of

the rated input oxygen concentration.

b) All of the acceptance criteria may be separately reported for the following ranges of intended

d)

201.12{1.104 Inspiratory volume monitoring equipment
If the EMS ventilator is equipped with inspiratory velume monitoring equipment, the accuracy
the inspiratory volume monitoring equipment shalPpe disclosed in the instructions for use.

Check canformance with the following.

Confirm| that the inspiratory volume~x-monitoring equipment accuracy as measured
201.12.1}101 f) 7) and 201.12.1.102 f) .7)-s within the accuracy disclosed in the instructions for us|
201.12/4 Protection against hazardous output
Additionf

201.12/4.101 * Oxygen monitor

a) The|EMS ventilator, intended to provide a inspiratory volume less than 50 ml and with 3
oxygen concentration control with an error less than or equal to 20 % [see 201.12.1.101 |
3) and 201.12/1.102 b) 3) ], shall either

b)

28

inspiratory volume:

1)
2)
3)

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

1)
2)

If wprst-case VBS configurations are used, the rationale for\their selection shall K
doc1;|mented in the risk management file.

Check c
for the rationale, if applicable, and with the tests specified by.the manufacturer.

1) be equipped with O, monitoring equipment for measurement of the inspiratory oxyge

Vigsp 2 300 ml;

insp =

300 ml = ¥, 2 50 ml; and

nsp

Viasp < 50 ml
determined for each VBS configuration indicated in the instructions for use; of;

determined for the worst-case VBS configuration indicated in the instructions for use.

NPTE1 The worst-case VBS configuration can be different for each error or each)nominal inspirato
vdlume range.

nformance by inspection of the instructions for use, inspection of the risk management fi

Y

e

®©

)

n

coTcentration that s imtegrat to the vemntifator; o1

2) the instructions for use shall contain a statement to the effect that the EMS ventilator is to
be equipped with O, monitoring equipment for measurement of the inspiratory oxygen

concentration before being put into service.

Such O; monitoring equipment shall confrom with the following subclauses of ISO 80601-2-
55:2018:

1) 201.7.4.3;
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2) 201.7.9.2.9.101 k);
3) 201.12.1.101;
4) 201.12.1.102;
5) 201.12.1.103; and

6) 208.6.1.2.

DTE ~ Alow oxygen level alarm condition is required by ISO 80601-2-55.

heck conformance by inspection.of the instructions for use or application of the tests of IS
55:2018.

01.12.4.102 * Measurement of airway pressure

Where the O, monitoring equipment is not an integral part of the EMS ventilg
instructions for use shall include the following;

1) astatement to the effect that the ventilator is to be provided with O, monitoring eq
that conforms with ISO 80601-2-55:2018 before being put into seryiee; and

2) information on where to connect the O, monitoring equipment

If equipped and the intended inspiratory volume is <50 ml, thie,0, monitoring equipmé

in addition, be equipped with an alarm system that in¢ludes a high oxygen lev
condition.

The high oxygen level alarm condition:
1) shall be at least medium priority, unless

2) an intelligent alarm system, based on‘additional information, determines that
oxygen level alarm condition is suppressed or its priority is changed.

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

The site 0factual measurement:

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

tor, the

uipment

bnt shall,
bl alarm

the high

D 80601 -

e airway

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

c)

Under steady-state conditions, the indicated airway pressure shall be accurate to within + (2

+(8 % of the actual reading)) hPa (* (2 +(8 % of the actual reading)) cmH,0).

Check conformance by functional testing.
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201.12.4.103 * Measurement of expired volume and low volume alarm

conditions

a) An EMS ventilator should either:

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

2) if not so equipped, the instructions for use should include a statement to the effect that

tlﬂa EMS vontilator ic to ha aaguinnedwith monitoring ocauinmont that canformec with f]‘\'s
1oV RHtHHAEEtF—I5S—+ € T e € PR 6 FS—WHE

oo Torpp oV e it Ot coT T, g 22y =4 TIToOTIT T—CcrIT

-

d

1S

n

Ch

e

dpcument before being put into service.

If equipped,

b) unless the expired volume monitoring equipment is an integral part of the EMS ventilato
information on where to connect the expired volume monitoring equipment shall be disclosg
in thie instructions for use.

c) the dccuracy of measurement of expired volumes greater than 100 mhshall be within £20
of thle actual volume expired through the patient-connection port).

d) the accuracy of expired volume monitoring equipment shall be disclosed in the instructior
for yse.

e) The|disclosed accuracies shall include the effects ofthe range of the rated input oxygd
condentration.

NOTE 1 The use of Oxygen 93 % can reduce the accuracy-of measurement due to influence of other gases su
as argon on flow measurement.

f) the ¢xpired volume monitoring equipment shall be equipped with an alarm system to indica
wheh
1) the low-expired volume alarim limit is reached; and
2) tHe high-expired volume_alarm limit is reached.

g) Thelow-expired volume and the high-expired volume alarm conditions
1) shall be at ledst-medium priority, unless
2) an intelligent alarm system, based on additional information, determines that

1)c.the low-expired volume or
i1) the high-expired volume alarm condition
is suppressed or its priority is changed.

h) 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.
i) The expired volume alarm limits may be:

30
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1) pre-adjusted;

2) responsible organization-adjustable;
3) operator-adjustable;

4) EMS ventilator-adjustable; or

5) a combination of operator-adjustable and EMS ventilator-adjustable.

j)| If the alarm limits are adjustable by the EMS ventilator, a summary descriptio
algorithm that determines the alarm Ilimit values shall be disclosed in the instruct
use.

NOTE 2 Depending on the type of ventilation-mode being utilized, there can be morethan one ac
limit.

Check conformance by functional testing using the test conditions described in * Table 201
*[Table 201.105 selecting the appropriate rows based on intended-tidal volume and insp
the instructions for use. Select and set up the worst-case VBS configuration indicate
instructions for use.

EXAMPLE Minimum or maximum VBS compliance.

For testing with a humidifier, repeat the tests at thésminimum and maximum water levels
tdsts for a humidifier).

201.12.4.104 * Maximum limited pressure protection device

a] A protection device shall be provided to prevent the airway pressure from excee
maximum limited pressure under, both:

1) normal condition; and
2) single fault condition:
b) The maximum limited pressure shall not exceed the lower of:

1) 30 hPa (30°émH,0) more than the high-pressure alarm limit; or

2) 105 hkPa (105 cmH,0).

Check tonformance by functional testing.

h of the
ions for

ive alarm

104 and
pction of
d in the

2 sets of

ding the

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.
b) The high airway pressure alarm condition:
1) shall be high priority; unless

2) an intelligent alarm system, based on additional information, determines that:

i) the high airway pressure alarm condition is suppressed; or
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d)

g)

h)

i

i) its priority is changed.

The high airway pressure alarm limit may be:

1) independently adjustable;

2) connected to an adjustable pressure limitation; or

3) related to the set pressure of the EMS ventilator.

If th
set:

1) th
2) th

Mea
to cq

1) 3

N
0

2) 6

* Pa
cond

EXANMPLE Transient pressure increase caused by the patient coughing.

The

shall:

1) a
2) a
* WH
mor

eithg

1) th

e high airway pressure alarm limit is independently adjustable, it shall not be possible.{

e alarm limit to a value less than that of the adjustable pressure limitation; and
e adjustable pressure limitation to a value more than that of the alarm liniit.

s shall be provided to require the operator to perform a deliberate.sequence of actior
nfirm the setting of the high-pressure alarm limit to values exceeding the lower of:

D hPa (30 cmH,0) more than the operator-set pressure; or

DTE The operator-set pressure does not apply when by design the ventilator adjusts the airway pressu
1 a breath-by-breath basis.

D hPa (60 cmH-0).

[ient-generated transient pressure increasés should not cause the high-pressure alar
ition.

high airway pressure alarm condition delay shall not exceed 200 ms and the ventilat

t to attempt to cause the pressure to start to decline within that duration; and;
t to prevent the préssure from continuing to rise.

enever thediigh airway pressure alarm condition occurs, the ventilator shall, within 1
e than two(respiratory cycles or 15 s, whichever is less, reduce the airway pressure

PI:

e;atmospheric pressure; or

1S

e

m

pr

(0]
[0

2) the set BAP level.

i) During single fault condition, the airway pressure may fall below the set BAP level.

Check conformance by functional testing.
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201.12.4.106 * Expiratory end-tidal CO2 monitoring equipment
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 ventilator; or

2) the instructions for use should contain a statement to the effect that the EMS ventilator is
to be equipped with CO; monitoring equipment for measurement of the expiratory carbon

dioxide concentration (p g in the pypirnfnry limb or atthe pnfipnr-f‘nnnpr‘rinn pnr"] before

being put into service.

b} Such CO; monitoring equipment shall conform with the following subclauses ofi1SO §0601-2-
55:2018:

1) 201.7.4.3;

2) 201.7.9.2.9.101 k);

3) 201.12.1.101;

4) 201.12.1.102;

5) 201.12.1.103; and

6) for expired CO2 concentration, 208.6.1.2.

c] Where the CO; monitoring equipment is not an integral part of the ventilator, the instructions
for use should include the following:

1) a statement to the effect that”the ventilator is to be provided with CO. mqnitoring
equipment that conforms with ISO 80601-2-55:2018 before being put into servicg; and

2) information on wherewto-connect the CO, monitoring equipment.
Check conformance by inspection.

201.12.4.107 Protection against inadvertent setting of high airway pressure

Means shall be{provided to require the operator to perform a deliberate sequence of a¢tions to
confirm any_airway pressure settings exceeding 60 hPa (60 cmH20). See also 201.12.4.105 b) and
206.101 a)7).

Check conformity by functional testing.

29113 Hazardous situationsandfault conditions for MEequipment
quip

Clause 13 of the general standard applies, except as follows:

Addition:

201.13.2.101 Additional specific single fault conditions

An EMS ventilator shall be so designed and constructed that the following single fault conditions
shall not cause an unacceptable risk:

a) *disruption of the gas delivery to the patient-connection port from the EMS ventilator;
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b) *disruption of the gas flow pathway from the patient-connection port to the exhalation valve;

c) *when present, removal or failure of an operator-detachable breathing system filter; and

d) * disruption of a functional connection between parts of the ventilator or ME system.
EXAMPLE 1 Loss of communication between the ventilator and its remote (wired or wireless) control or
monitoring module.
EXAMPEEZ—Thessefcommunicationbetweentheventiatoranditsdistributed-elarnrsystem
EXAMPLE 3  Loss of communication between the ventilator and the means for generating remote\alanm
signals.

Check canformance by functional testing and inspection of risk management file.

201.13{102 Failure of one gas supply to an EMS ventilator

a) Follgwing the failure of one gas supply connected to a high-pressuréyinput port, an EM

b)

Check conformance by functional testing.

201.13

a) Asingle fault condition shall not cause the simultaneous failure of:

b)

vent

The
cond

The

1) shall be at least low priority if ventilation is maidtained, unless

S

3) shall be at least medium priority othérwise, unless

S

1) a

2) aI intelligent alarm system, based on additional information, determines that the ga

4) aI intelligent alarm system, based on additional information, determines that the ga

lator shall maintain normal use.

ition to indicate this gas-supply failure.

oas supply failure technical alarm condition

pply-failure technical alarm condition i§'suppressed; or

pply-failure technical alarm. condition is suppressed.

103 * Independence of ventilation control function and related risk contrdg
measures

ventilation control function; and

EMS ventilator shall be equipped with an alarm system that detects a technical alarm

S

2) tHe eorresponding protection device

A single fault condition shall not cause either:

1) a
2) a

to fa

ventilation-control function and the corresponding monitoring equipment; or
ventilation-control function and the corresponding alarm system

il in such a way that the loss of the ventilation control function is not detected.

Check conformance by inspection and functional testing.
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201.14 Programmable electrical medical systems (PEMS)

Clause 14 of the general standard applies, except as follows:

Addition:

201.14.101 Software life cycle

a)

The programmable electronic subsystems (PESS) of an EMS ventilator shall be developed with

a design process conforming with IEC 62304:2006+AMD1:2015.

C

Check conformance by inspection of the documentation required by IEC 62304:2006+AM
r the software safety class (the requirements are found in 1.4 of IEC 62304:2006+AMD1:

01.15 Construction of ME equipment
ause 15 of the general standard applies, except as follows:
Hdition:

01.15.3.5.101 * Additional requirements for rough handling

heck'conformance by performing the following tests:

The ventilation control software items of the EMS ventilator PESS without an indepen
control measure external to the PESS shall be considered as software safety Class C.

An EMS ventilator and its parts, including, applicable accessories shall have 3
mechanical strength to withstand the mechanieal stress caused by normal use, pus
rough handling while operating.

Hent risk

D1:2015
P015).

dequate
hing and

For this test, the EMS ventilator and its parts, and applicable accessories, shall be mounted

using the mounting accessories indicated in the accompanying do

cuments.

If more than one mounting systém is described in the accompanying documents, multiple tests

are required.

NOTE 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 maintain basic safety and
performance.

During_ this testing, volume and pressure alarm condition alarm limits shall be set
least'sensitive levels.

b conform

essential

to their

e) Broadband random vibration test in accordance with IEC 60068-2-64:2008, using the following

conditions:
1) acceleration amplitude:
— 10Hzto 100 Hz: 1 (m/s?)?/Hz;
— 100 Hz to 200 Hz: -3 dB per octave;

— 200 Hz to 2 000 Hz: 0,5 (m/s2)2/Hz;
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2) duration: 30 min per perpendicular axis (3 total).

201.15.

Addition

4.1 Construction of connectors

aa) Operator-detachable VBS connectors are exempt from this requirement.

201.15.

101Mode of operation

An EMS
Check co

201.15

a) An H
cond

b) An |
cong

1) o
2) o
Check co

201.15

a) An H
orn

maintain normal operation.

NOT
b) This
Check co

201.16

Clause 1

Additionf

entitator-shattbesuttable forcontinuous operution:
nformance by inspection.

102 * Delivered oxygen concentration

'MS ventilator shall provide at least two different settings for the inspiratory oxygen
entration.

EMS ventilator shall be capable of delivering gas to the patient containing an (),
entration over the range of flowrates indicated in the instructions for use:

at least 85 % volume fraction in one setting; and
no greater than 65 % volume fraction in a second sétting.
nformance by inspection of the instructions for use~and functional testing.

103 Accessory self-check

MS ventilator should be equipped with m€ans that allow the determination of whethg¢r
bt the VBS resistance and compliancecharacteristics are outside the values necessary o
. Additional requirements are found in 201.7.9.2.8.101.
means may require operator action.

nformance by functional testing.

ME systems

6 of the géneral standard applies, except as follows:

201.16

1101 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.

Check

conformance by application of the vrelevant tests of this document and

IEC 60601-1:2005+AMD1:2012.

36
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201.16.3.101 Additional requirements for power supply

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

1) shall indicate

i) the gas source pressure or

ii) remaining gas source volume

2) indication of gas source pressure or remaining gas source volume shall be

i) visible from the intended operator’s position; and
ii) clearly legible under the conditions of 6.1 of IEC 60601-1-12:2014.

Check conformance by inspection and the relevant tests of IEC 60601-1c12:2014.
2/01.17 Electromagnetic compatibility of ME equipment and ME systems
Clause 17 of the general standard applies.
Hdition:

A

2/01.101 Gas connections

2P01.101.1 * Protection against reverse:gas leakage
F

br an EMS ventilator with two or more high-pressure input ports,

a] means shall be provided to limit réverse gas leakage flowrate from gas intake ports|into the
supply system of the same gas‘to a flowrate less than 100 ml/min in normal condition or
single fault condition.

b} means shall be provided.to limit cross leakage from gas supplied through one high-pressure
input port into the supply system of a different gas to less than 100 ml/h in normal dondition
or single fault condition.

Check conformance by functional testing.
2P01.101.2_“Connection to a high-pressure input port

201.101:.2.1Connector

Iflan”eperator-detachable hose assembly is provided for connection between the EMS ventilator
ithe [ peli : ' rm with

d—eith ne medical gc
[SO 5359:2014+AMD1:2017.

Check conformance by application of the tests of 1SO 5359:2014+AMD1:2017.

201.101.2.2* Filter

Each high-pressure input port shall be provided with a filter having a pore size less than or equal
to 100 pm.

NOTE Depending on the sensitivity against particles of the components used in the gas pathways (e.g. flow
sensors), to particles, filtration of smaller particles can be needed.
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Check conformance by inspection.
201.101.3 VBS connectors

201.101.3.1 * General

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

a) shallbe a 15 mm or a 22 mm connector conforming with ISO 5356-1:2015;

b) may|be a 11,5 mm connector conforming with ISO 5356-1:2015 for a neonatal or paediatrijc
use VBS; or

c) may|be a non-conical connector that does not engage with a conical connector €onforming
with| ISO 5356-1:2015.

Check coanformance by application of the tests of 1SO 5356-1:2015 and functionaltesting.

201.101.3.2 Other named ports

201.101.3.2.1  Patient-connection port

The patipnt-connection port shall be one of the following:

a) aferpale 15 mm conical connector conforming with [SO5356-1:2015;
b) a coaxial 15 mm/22 mm conical connector conforming with ISO 5356-1:2015.

Check coanformance by application of the tests of 1S0°5356-1:2015.

201.101.3.2.2 Gas output port and gas return port

a) Thegas output port and the gas return port shall be one of the following
1) ajmale 22 mm conical connector conforming with ISO 5356-1:2015.
2) ajmale 15 mm conical connector conforming with ISO 5356-1:2015.
3) afcoaxial 15 mm/22-mm conical connector conforming with ISO 5356-1:2015.

4) a|non-conical ¢onhnector that does not engage with a conical connector conforming with
140 5356-1:2015.

b) Notwithstanding this requirement, an EMS ventilator only intended for inspiratory volumes
of <B00\ml, may be equipped with a gas output port and a gas return port using a male
11,5{mim conical connector conforming with ISO 5356-1:2015.

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

201.101.3.2.3  Flow-direction-sensitive components

Any flow-direction-sensitive component of the VBS detachable without the use of a tool shall be so
designed that it cannot be fitted in such a way that it presents an unacceptable risk to the patient.

Check conformance by inspection of operator-detachable flow-direction-sensitive components and
inspection of the risk management file.
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201.101.3.2.4  * Accessory port

If

provided, each accessory port shall:

a) conform with ISO 80369-1:2018;

NOTE 1 Itis expected that the RESP-125 (R1) connector of ISO 80369-2[211 will meet this criterion

b) be provided with a means to secure the accessory in position; and

C
2
2
A
ré
Vi

C

2

a

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

DTE 2 This port connects to the gas pathway and is generally used for measuring pressure, samphing
I introduction of therapeutic aerosols.

DTE 3 For the purposes of this document, the temperature probe port specifiednin 1SO 80601-2
nsidered an accessory port.

heck conformance by inspection.

01.101.3.2.5 Gas exhaust port

If a connector is provided for the gas exhaust port, it shrall be a 30 mm connector cor
with ISO 5356-1:2015.

gas scavenging system (AGSS) that conforms with ISQ’80601-2-13[41.

An EMS ventilator shall be designed so-that any provided gas exhaust port is not ob
during use.

neck conformance by inspection and-application of the tests of 1SO 5356-1:2015.
01.102 Requirements for'the VBS and accessories

01.102.1 * General

1 EMS ventilator breathing systems, their parts and accessories shall conform v
quirements of this;document, whether they are produced by the manufacturer of
ntilator or by dnether entity (“third-party manufacturer” or healthcare provider).

heck conformance by the tests of this document.

01.102:2 Labelling

f gases or

74 is not

forming

NOTE A 30-mm connector conforming with ISO 5356%1:2015 is suitable for connection to an anaesthesia

structed

vith the
the EMS

The accompanying document provided with each VBS, its parts or accessories, conforming with
201 102 1’ shall include at least the maodel or f}lpa rojfpronr‘a of at least ane r‘r\mp:\f ble EMS
ventilator.

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

©

system, 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 conformance by inspection of the accompanying document.

201.102.3 Breathing tubes

Breathing tubes, other than heated breathing tubes, intended for use in the VBS shall conform
with clauses and subclauses of ISO 5367:2014:

a) 5.1;
b) 5.3.4;
c) Clause 6; and

d) Clauge 7.

Check conformance by application of the tests of 1SO 5367:2014.

201.102.4 * Water vapour management

201.103.4.1 * Humidification system

Any humidifier, including heated breathing tubes, either incorporated into the EMS ventilator ¢r
recommepnded for use with the EMS ventilator, shall conform*with ISO 80601-2-74:2017.

Check conformance by application of the tests of 1SO 80601-2-74:2017.

201.102.4.2 Heat and moisture exchanger (HME)

Any heat and moisture exchanger, either incorporated into the VBS or recommended for use with
the VBS,[shall conform with:

a) IS0 $360-1:2000; or
b) SO $360-2:2001.
Check conformance by applieation of the tests of 1SO 9360-1:2000 or I1SO 9360-2:2001.

201.102.5 Breathing,system filters

Any breqthing systemfilter, either incorporated into the EMS ventilator or recommended for use
with the| EMS ventilator, shall conform with the relevant requirements of:

a) ISO 23328-1:2003; and

b) 1SO 23328-2:2002

Check conformance by application of the tests of 1SO 23328-1:2003 and 1S0 23328-2:2002.

201.102.6 * Leakage from complete VBS
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; or
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b) 100 ml/min at 40 hPa (40 cmH,0) for an EMS ventilator intended to provide a tidal volume
between 300 ml and 50 ml; or

c) 50 ml/min at 20 hPa (20 cmH,0) for an EMS ventilator intended to provide a tidal volume
less than 50 ml.

201.103 Spontaneous breathing during loss of power supply

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 pawer being
outside the values necessary for normal operation.

b) Under these conditions, the inspiratory and expiratory pressure dropomeasure¢l at the
patient-connection port with all recommended accessories in place shalljnot exceed 6,0 hPa
(6,0 cmH,0) at a flowrate of:

1) 30 1/min for an EMS ventilator intended to provide a tidal volume, V,;4,; = 300 ml;
2) 151/min for an EMS ventilator intended to provide a tidalvolume, 300 ml = V;,,; ¥ 50 ml;
3) 2,51/min for an EMS ventilator intended to providea tidal volume, V4, < 50 ml.

NPTE This requirement is intended to allow the patient to breathe spontaneously under conjpromised
cqnditions.

Check conformance by functional testing and measurement of flow, pressure, and resistante at the
pqitient-connection port with that combination of accessories indicated in the instructionfs for use
which produces the highest pressure drop.

2/01.104 * Indication of duration of operation

a] The EMS ventilator shouldhave means to indicate visually the cumulative hours of operation
of the EMS ventilator, either:

1) automatically;-er
2) by operatdrsaction.
b) The EMS.ventilator should also have means to indicate visually:

1) the'time since the last preventive maintenance; or

2) the time until the next recommended preventive maintenance.

Check conformance by inspection.
201.105 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
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b)

if the equipment connected to those parts fails.

Check conformance by functional testing.

201.105.2 * Connection to an electronic health record

An EMS ventilator should be equipped with a functional connection that permits data
transmission from the EMS ventilator to an electronic health record. The data transmission
should be capable of transmitting the information described in Annex BB.

201.103.

An EMS
distribut

201.10
201.10

a)
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yentilator should be equipped with a functional connection that permits connection‘to|a

3 * Connection to a distributed alarm system

ed alarm system.
6 Display loops

6.1 Pressure-volume loops
EMS ventilator is provided with the display of pressure-volume laops the graph shdll

spiratory volume on the vertical axis; and

rway pressure on the horizontal axis.

Five values shall be on the top and the right of theé\display.

bases in inspiratory volume shall be positive\values.

volume shall be reset to the origin at the beginning of each breath.
nformance by inspection.

6.2 Flow-volume loops
EMS ventilator is provided 'with the display of flow-volume loops, the graph shall use:

bwrate on the vertical axis; and
spiratory volume)on the horizontal axis.
Five values;shall be on the top and the right of the display.

low to.the patient (inspiratory flow) and increases in inspiratory volume shall be positiye
E'S-

The volume shall be reset to the origin at the beginning of each breath.

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 conformance by inspection.
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201.107 * Timed ventilatory pause

201.107.1 Expiratory pause

a)

b)

An EMS ventilator may be equipped with an operator-controlled means to pause the EMS
ventilator in expiration.

If an EMS ventilator is equipped with a means to pause the EMS ventilator in expiration,

1) more than one expiratory pause function may he provided

ay

NPTE 2 The expiratory pause can be used to permit defibrillator ECG analysis with a deflated lung.

Check conformance by inspection-and functional testing.

201.107.2 Inspiratonypause

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!Connectjon.
If a ventilator is equipped with a timed means to pause the ventilator in"expiration,
1) the duration of the expiratory pause may be operator-configurable or operator-adjustable.

2) during the expiratory pause, any apnoea-related ventilatdry alarm condition that would be
caused by this expiratory pause shall be audio paused or alarm paused for the duration of
the expiratory pause.

3) in addition to the requirements for gldrm signal inactivation in 6.8.5 of
IEC 60601-1-8:2006+AMD1:2012, the EMSventilator shall indicate the presende of the
expiratory pause with at least an information signal or a low priority alarm conditfon.

NPTE 1 An expiratory pause can be equivalent tosplacing the EMS ventilator into standby mode or [CPAP and
tomatically resuming ventilation after a pre-determined duration.

An EMS ventilator.mdy be equipped with an operator-controlled means to pause alfitomatic
ventilation at end-inspiration.

If an EMS ventilator is equipped with a means to pause the EMS ventilator in inspiration,
1) mofe'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.
If a ventilator is equipped with a timed means to pause the ventilator in inspiration,

1) the duration of the inspiratory pause may be non-adjustable, responsible organization-
configurable or operator-adjustable.

2) the high-pressure alarm condition and protection device of 201.12.4.105 shall remain
active during an inspiratory pause.
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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 inspiratory
pause, be:

iii) audio paused; or

iv) alarm paused

4) in addition to the requirements for alarm signal inactivation of 6.8.5 “of
IHC 60601-1-8:2006+AMD1:2012, the ventilator shall indicate the presencenof the

inspiratory pause with

1) atleast an information signal; or

1i) alow priority alarm condition.

Check conformance by inspection and functional testing.
202 Electromagnetic disturbances — Requirements and tests
IEC 606(01-1-2:2014 applies except as follows:

202.4.3]1 * Compliance criteria
Amendmient (replace the second dash of 4.3.1 with):

— the | EMS ventilator operated using the  Worst-case conditions and parameters
of Table 201.104 or Table 201.105 selected by:intended tidal volume, as appropriate. During
this testing, set the volume and pressure aldrm limits to their least sensitive levels.

202.5.212.1 Requirements applicablé-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.

Additionf

202.8.1j101 * Additional general requirements

a) The [following degradations, if associated with basic safety and essential performance, shdll
not be allowed:

1) component failures;

2) chanoes in programmable parameters or settings:
[=] I [=] j g o7

3) reset to default settings;

4) change of ventilation-mode;

EXAMPLE  Change of inflation-type, ventilation-mode, Rate, I:E ratio.
5) initiation of an unintended operation;
6) during the testing:

44 © IS0 2020 - All rights reserved


https://standardsiso.com/api/?name=5e765fe1d1f0566d97f982f7f883f74e

ISO 80601-2-84:2

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

ii) the inspiratory volume averaged over a one-minute interval shall not deviate
than 25 % of the inspiratory volume measured prior to the test; and

020(E)

35 % of

by more

iii) the PEEP, as measured in the test lung, following individual inflations averaged over
a one-minute interval shall not deviate by more than 5 hPa from the PEEP measured

prior to the test.

b) The EMS ventilator may exhibit temporary degradation of performance (e.g. deviation from

IH

A

the performmance imdicated i the instructions for usejthat does ot affectbusic
essential performance.

06 Usability

C60601-1-6:2010+AMD1:2013 applies except as follows:

dition:

06.101 Primary operating functions

For an EMS ventilator, the following shall be considered primary operating functions
1) setting the operator-adjustable controls from thedntended operator's position;

i) setting alarm limits;

ii) inactivating alarm signals;

iii) switching between different ventilation-modes and inflation-types;
iv) setting ventilation control patameters;

EXAMPLE 1 Tidal volume, Rdte, BAP, pressure support

2) observing and identifying--the monitored ventilation parameters from the i
operator's position;

EXAMPLE 2 Airway.pressure and expired volume

EXAMPLE3 10, or etCO,

3) *recognizing the presence of an alarm condition in the intended use environme
the intended operator positions;

EXAMPLE 4  The operator in the ambulance next to the patient.

Jafety or

ntended

nts from

EXAMPLE 5  The operator at the scene of an emergency situation with sirens and flashing ¢

mergency

lights.

4) 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, Rate, BAP, pressure support

© IS0 2020 - All rights reserved
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b)

46

5) observing and identifying the monitored ventilation parameters while the portable EMS
ventilator is being carried;

EXAMPLE 7  Airway pressure and expired volume

6) configuring

i) the VBS, including
ii) connection of the detachable parts of the VBS to the EMS ventilator;

7) s¢

8) s¢

EXAMPLE 8 HME, tubing, breathing system filter

tting of the adjustable high-pressure alarm limit to values exceeding 60 hPa (60.cmH,0

tting of the airway pressure to values exceeding 60 hPa (60 cmH;0);

9) connecting or disconnecting the patient-connection port of the VBS to thépatient interfac

10)
11)

12)
S

13)

]

]

14)
EJ
The f

1) st

starting the EMS ventilator from power off;
turning off the EMS ventilator;

performing a basic pre-use functional check of the-EMS ventilator including the alar
stem; and

connecting the EMS ventilator:

) to each gas supply indicated in the instfuctions for use including, if applicable
a) when attached in the ambulance; or
b) within its carrying case;
i) to each power source indicated in the instructions for use, including, if applicable
a) when attached in the ambulance; or
b) within its carrying(case; and

processing the EMS ventilator between patient uses.
(AMPLE 9  Readying the EMS ventilator for use on the next patient. See also 201.11.6.6.
ollowing functions, if available, also shall be considered primary operating functions:

arting'wentilation from standby;

S
-

2) a

tivating standby;

3) attaching the portable EMS ventilator to an ambulance; and

4) connecting and disconnecting a distributed alarm system.

The following actions associated with ventilation also shall be considered primary operating
functions:

NOTE For the purposes of this document, the following functions are considered primary operating functions

even

though they might not be performed on the EMS ventilator’s operator-equipment interface.
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1) adding medication to the gas flowing into the patient; and

EXAMPLE 10  Nebulisation or injecting fluids into an accessory port connection of the VBS

020(E)

2) providing alternative means of ventilation as indicated in the instructions for use.

206.102 * Training

For an EMS ventilator, in the application of the requirements of IEC 62366-1:2015, 5.6 and 5.8,

challba cancs idarad wacaccae for hotrl .

BB
trulllllls STIalrr oCCoOTISTOCTCOr AA\,\,\,aoul_y TOT ODOTIT.

a

b

IH

Afldition:

st
A

C
2
T
1

N
fol

C

208 General requirements, tests and guidance for alarmsystems in n

208.6.3.2.2.1 * 4 m (distant) visual alarm signals
Amendment (Add prior the first paragraph):

Ap EMS ventilator shall be equipped with 4 m (distant) visual alarm signals.

connected to a patient.

the operator; and

electrical equipment and medical electrical systems

C60601-1-8:2006+AMD1:2012 applies except as follows:

ates

h EMS ventilator shall not be equipped with a means to initiate a global alarm ¢

heck conformance by functional-testing.

08.6.8.4.101 * Additional requirements for termination of alarm signal inactiva

he duration of audio-paused for the alarm conditions required by this document shall ng
0 s without operator intervention.

DTE This permits an operator to deliberately extend the duration of audio paused by no more t
llowing each direct action.

heck conformance by functional testing.

2

the designee of the responsible organization (e.g. service personnel or processing personnel).

hedical

2P8.6.8.3.101 Additional requirements.for global indefinite alarm signal inactivation

ff while

tion

t exceed

han 120 s

08:6.12.101 * Additional requirements for alarm system logging

a) Notwithstanding the requirements of IEC 60601-1-8:2006+AMD1:2012, the EMS ventilator
should be equipped with an alarm system log with a capacity of at least 1 000 events for all:

1) high priority alarm conditions;
2) medium priority alarm conditions; and

3) alarm signal inactivation states.

b) If equipped with alarm system log, the EMS ventilator shall

©
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1) notlose the contents of the alarm system log during a loss of power for less than 7 d unless
deleted by responsible organization action.

2) not permit the clinical operator to erase the contents of the alarm system log.

c) In addition the EMS ventilator should provide a log to include, if applicable, at least the

follo

wing events:

1) any change of EMS ventilator settings, including the value applied;

2) aLy change of alarm settings, including the value applied;

3) change of patient, including the patient attributes;

4) p
5) re
Check co

212 Re
Sy

IEC 606(01-1-12:2014 applies except as follows:

212.4.2

Amendment (replace the first dash with):

aa) whe
bb) whe

212.8.1

Amendmient (in the first sentencerofthe first paragraph):

Replace

212.8.2
and ME

Amendmient (replace-the paragraph following note 2 with):

aa) The
curr

pwer supply source change, including the source utilized; and
sults of the pre-use check.
nformance by inspection and functional testing.

quirements for medical electrical equipment and medical electricq
stems intended for use in the emergency medical services environmen

2.1 Continuous operating conditions

Fe permanently installed or fixed, a temperature range of 0 °C to +40 °C; or
Fe not permanently installed or fixed, a temperature range of -10 °C to +40 °C.

1 * Ingress of water or particulate matter into ME equipment

IP33’ with ‘IP34’.

Additional requirements for interruption of the power supply to ME equipmen
system

FMS ventilator shall be equipped with a means to determine the power source that
ently powering the EMS ventilator.

1

o~

1S

Amendm

ent (replace the last paragraph with):

bb) An EMS ventilator shall be equipped with an alarm system that detects

1) a technical alarm condition or presents an information signal to indicate a switchover to
an internal electrical power source.

i)

a low priority.

The switchover to an internal electrical power source alarm condition shall be at least

2) a technical alarm condition to indicate when the internal electrical power source nears
depletion, prior to the loss of all power.

48
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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.

2|12.8.3 Additional requirements for internal electrical power source for ME equipment
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 thednternal electrical power
source while the EMS ventilator is connected to each supply mains:

212.10.1.2 Requirements for mechanical strength for fixed or permanently installed
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,/ 10.1.2 a), the EMS ventilator:
1) shall be operating and maintain basic safetyand essential performance; and

2) may exhibit the temporary degradation of performance of inspiratory volume or PEEP for
a single inflation.

bb)While performing the test of IEC60601-1-12:2014, 10.1.2 b), the EMS ventilator |shall be
operating. After this test, the EMS ventilator shall maintain basic safety and pssential
performance.

212.10.1.3 * Requirements for mechanical strength for transportable ME equipment

Amendment (replace thé.second paragraph with the following):

aa) While performing the tests of IEC 60601-1-12:2014, 10.1.3 a) and IEC 60601-1-12:2014,
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 PEEP for
a single inflation.

cc) While performing the test of IEC 60601-1-12:2014, 10.1.3 b), the EMS ventilator shall be
operating. After this test, the EMS ventilator shall maintain basic safety and essential
performance.

In c) replace 'for mass >1 kg and <10 kg, 0,5 m’ and for ‘mass >10 kg and <50 kg, 0,25 m' with 'for
mass >1 kg and <50 kg, 0,75 m".

212.10.1.4 Requirements for mechanical strength for ME equipment intended for
airborne use

Amendment (replace the second paragraph with the following):
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While performing the tests of [EC 60601-1-12:2014, 10.1.4, the EMS ventilator shall be operating
and maintaining basic safety and essential performance.

The annexes of the general standard apply, except as follows:
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Annex C
(informative)

Guide to marking and labelling requirements for ME equipment
and ME systems

Apnex C of the general standard applies, except as follows:

Afdition:

2/01.C.1 Marking on the outside of ME equipment, ME systems or their parts
A

dditional requirements for marking on the outside of an EMS ventilatorits parts and acgessories
are found 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
Any special storage or handling instructions 201.7.2.101 1)
Any warnings or precautions relevant to the immediate operation of the ventilator 201.7.2.101 ¢)2)

Arrow indicating the direction of the flow for flow-directiontsensitive components, if applicable 201.7.2.101 d)2)

Arrow indicating the intended direction of gas flow for the gas output port and the gas return 201.7.2.101 ¢))3)

port

Containing natural rubber latex, if applicable 201.7.2.13.10] a)
For a sampling gas inlet, either with the text “Gas sample” or the Symbol ISO 7000-0794 201.7.2.101 d)5)
For a ventilator intended to be used-in the magnetic resonance (MR) environment, Symbol 201.7.2.101i)

7.3.1-1 (Table 201.D.2.101, symbol 9)/or Symbol 7.3.1-2 (Table 201.D.2.101, symbol 10) of
IEC 62570:2014 for an ‘MR Safetwentilator

For a ventilator intended(to ‘be used in the magnetic resonance (MR) environment,| 201.7.2.101 bb)ii)
Symbol 7.3.2 (Table 201.D.2.101, symbol 11) of IEC 62570:2014 for an ‘MR Conditional’
ventilator

For accessories supplied separately, indication of any limitations or adverse effects of the| 201.7.2.4.101 4)2)
accessory on the.basic safety or essential performance of the ventilator, if applicable

For accessoriéssupplied separately, the requirements of 201.7.2.101 201.7.2.4.101 p)1)
For each VBS, part and accessory, contains phthalates or other substances, if applicable 201.11.7 co)ft)
FofipxXygen gas inputs, the rated range of oxygen concentration 201.7.2.18 cf)
For packaging of breathing attachments, containing natural rubber late, if applicable 201.7.2.17.101a)3)
For packaging of breathing attachments, description of the contents 201.7.2.17.101 a)1)

For packaging of breathing attachments, identification reference to the batch, type or serial | 201.7.2.17.101 a)2)
number

For the packaging of each VBS, part and accessory, contains phthalates or other substances, if 201.11.7 cc)2)

applicable

Gas name or chemical symbol for any gas-specific inputs 201.7.2.18 aa)
Gas-specific colour coding for any gas-specific inputs, if applicable 201.7.2.18 dd)
Indication of the date after which the ME equipment, part or accessory should not be used, if| 201.7.2.101 d)3)
applicable

Mandatory action safety sign: follow instructions for use 201.7.2.3
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Description of marking

Subclause

Quantitative numeric indications of parameters and settings with the units of measurement

201.7.4.3

Rated

range of gas pressure

201.7.2.18 bb)

Start-up procedure that is intended to be performed prior to use

201.7.2.101 a)

Warning not to obstruct the gas intake port , if applicable

201.7.2.101 d)4)

201.C.2 Accompanying documents, general

Addition
of an EM

201.C.3

Addition
ventilatd

52

S ventilator or its parts are found in Table 201.C.102.

al requirements for general information to be included in the accompanying documen

Table 201.C.102 — Accompanying documents, general

Description of requirement Subclause
For each VBS and accessory, the model or type reference of at least one compatible ventilator 201.102.2 a)
For each VBS, part and accessory, a statement to the effect that ventilator breathing systems; 201.102.2 b)1)
their|parts and accessories are validated for use with specific ventilators

For ¢
resul

ach VBS, part and accessory, a statement to the effect that incompatible parts, can
t in degraded performance

201.102.2 b)2)

For ¢
is reg
conn|

ach VBS, part and accessory, a statement to the effect that the responsibleorganization
ponsible for ensuring the compatibility of the ventilator and all of thé\parts used to
pct to the patient before use

201.102.2 b)3)

Maximum time-weighted average input flow for each gas, if applicable 201.4.11.101.2 bb)i)
Maximum transient input flow for each gas, if applicable 201.4.11.101.2 bb)ii)
Namg or trade name and address of the manufacturer and.where the manufacturer does 201.79.1

not have an address within the locale an authorized representative

Unitq of measure for volumes, flows and leakages 201.7.4.3

Venti

[ator is a high-flow device warning, if applicable

201.4.11.101.2 bb)iii)

3 Accompanying documents, instructions for use

r or its parts are feund in Table 201.C.103.

Table 201.C.103 — Instructions for use

al requirements for~information to be included in the instructions for use of an EM

Description of requirement

Subclause

Accu

Facy of\eéxpired volume monitoring equipment, if so equipped

201.12.4.103 d)

Accu

racyof the inspiratory volume monitoring equipment, if so equipped

201.12.1.104

(s

IS

Any adverse effect of any recommended accessory on the basic safety or essential

performance of the ventilator, if applicable

201.7.9.2.14.101 b)2)

Any natural rubber latex-containing components, if applicable

201.7.2.13.101 d)

Any special storage, handling, or operating instructions

201.7.9.2.9.101 1)

A-weighted sound power level emitted by the ventilator

201.9.6.2.101 b)2)

A-weighted sound pressure level emitted by the ventilator

201.9.6.2.101 a)2)

Beha
conn

viour of recharging of the internal electrical power source while the EMS ventilator is
ected to each supply mains

212.8.3 aa)
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Description of requirement

Subclause

Conditions under which the ventilator maintains the accuracy of controlled and displayed
variables

201.7.9.2.9.101 )

Cross reference between the manufacturer-specific naming of the ventilator'’s ventilation-
modes and the ventilation-mode systematic coding scheme of ISO 19223

201.7.9.2.16.101 g)

Description of how to connect and test the connection of a distributed alarm system, if
provided

201.7.9.29.101 €)

Description of the algorithm that determines the alarm limit values of expired volume

201.12.4.103j)

monitoring equipment, if so equipped

Disclosure of any restrictions on the placing of components within the ventilator breathing
system, if applicable

201.7.9.2.14.101|b)1)

For a ventilator, its parts or accessories intended for single use, information on known
characteristics and technical factors known to the manufacturer that could pose a risk if
the ventilator, its parts or accessories would be reused

204,7.9.2.1.101 a)

For accessories supplied separately where marking the accessory is not practicable,tie
requirements of 201.7.2.4.101

201.7.2.4.101 p)

For accessories supplied separately where marking the accessory is not practicable,
indication of any limitations or adverse effects of the accessory on the pasie/safety or
essential performance of the ventilator, if applicable

201.7.2.4.101 p)

For devices that contain phthalates or other substances for childreéq or treatment of 201.11.7 fH)1
pregnant or nursing women, for each VBS, part and accessory, information on residual risks
For devices that contain phthalates or other substances for children or treatment of 201.11.7 fH)2

pregnant or nursing women, for each VBS, part and “dccessory, on appropriate
precautionary measures, if applicable

Information on how to connect O, monitoring equipment, unless such equipment is an
integral part of the ventilator

201.12.4.101 ¢)

Information on how to connect the expired)volume monitoring equipment, if not so
equipped

201.12.4.103 b)

Intended range of inspiratory volume

201.7.9.2.1.101b)

Maximum error of the airway pressure at the end of the inflation phase in relation to the
set value for a pressure-controlled inflation in normal condition

201.12.1.102 b)1)

Maximum error of the inspiratory volume in relation to the set value for a volume-control
inflation in normal condition

201.12.1.101 b)1)

Maximum error,efithé inspiratory oxygen concentration (FiO,) at the patient-connection

port in relationyto 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 concentration (FiO,) at the patient-connection

portin relation to the set value for a pressure-controlled inflation in normal condition, if
provided

201.12.1.102 b)3)

Maximum error of the PEEP in relation to the set RAP for a pressure-controlled inﬂnh’nn in
normal condition

201121102 h)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)

Maximum limited pressure

201.7.9.2.9.101 a)1)

Means by which the maximum working pressure is ensured

201.7.9.2.9.101 a)3)

Method by which all of the alarm signals can be functionally tested to determine if they are
operating correctly

201.7.9.2.8.101 b)

Performance and acceptance criteria for other inflation-types, if so equipped

201€).12.1.103

Pre-use checklist

201.7.9.2.8.101 a)
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Description of requirement

Subclause

Processing procedure instructions for the ventilator and its accessories

201.11.6.6 cc)2)

Rated range of expiratory gas pathway resistance over which the accuracies of set and
monitored volumes and pressures are maintained

201.7.9.2.9.101 b)2)

Rated range of inspiratory gas pathway resistance over which the accuracies of set and
monitored volumes and pressures are maintained

201.7.9.2.9.101 b)1)

Rated range of VBS compliance over which the accuracies of set and monitored volumes
and pressures are maintained

201.7.9.2.9.101 b)3)

Rated range to which the maximum working pressure can be set, if adjustable

201.7.9.2.9.101 a)2)

Stategment that airway pressure can be subatmospheric during the expiratory phase for a
ventifator that can generate subatmospheric pressure in the expiratory phase, if applicable

201.7.9.2.9.101ca)

Statement to the effect that antistatic or electrically conductive hoses or tubing are not be
used|in the ventilator breathing system

201.7.9.2:14:101 a)

Statgment 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 sp equipped

201:12.4.101 a)2)

Statement to the effect that the ventilator is to be equipped with monitoring equipment.for
indicating expired volume at the patient-connection port before being put into service, if
not sp equipped

201.12.4.103 a)2)

Subafmospheric pressure limit at the patient-connection port, for ventilators that can
genefate subatmospheric pressure in the expiratory phase

201.7.9.2.9.101 a)

Suminary of effects of respiratory rate on end-tidal gas reading accuracy

201.7.9.2.9.101 d)

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 ventilator in the
instrictions for use of the ventilator or accessory, as the(ventilator might not function
corrgctly leading to the risk of patient death or additional'serious deterioration of health

201.7.9.2.2.101 d)

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 h)

Warning statement to the effect that nebulisation or humidification can increase the
resisfance of breathing system filters and.that the operator needs to monitor the breathing
system filter frequently for increased-resistance and blockage

201.7.9.2.2.101 €)

Warning statement to the effect that the ventilator accuracy can be affected by the gas
addeyd by use of a nebuliser, if applicable

201.7.9.2.2.101 g)

Warning statement to the-effect that the ventilator is intended to be continuously attended
by ar) operator. Failure-te be in close proximity to this ventilator can contribute to patient
death or serious injufy

201.7.9.2.2.101 a)

Warning statement to the effect that the ventilator shall not be covered or positioned in
such|a way thatvthe operation or performance of the ventilator is adversely affected,
including applicable examples

201.7.9.2.2.101 b)

Warning)statement to the effect that the ventilator shall not be used in a hyperbaric

201.7.9.2.2.101f)

chamber; 1f applicable

Warning statement to the effect that, always have immediate access to alternative means
of ventilation, which is ready for use, in order to reduce the possibility of patient death or
additional deterioration of health

201.7.9.2.2.101 ¢)

Which portions of the gas pathways through the ventilator can become contaminated with
body fluids or by contaminates carried by expired gases during both normal condition and
single fault condition

201.7.9.2.12 aa)
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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.

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

201.7.9.3.101 a)

conditions specified in this document

Description of the method used to calculate end-tidal gas readings, if applicable

201.7.9:3.1410[1 f)

Description of which of the alarm system checks are performed automatically

201.7.9.3.101f b)

Disclosure of the uncertainty for each disclosed tolerance

201.5.101.3 p)

Essential technical characteristics of each recommended breathing system filter, if applicable

201.7.9.3.1.10[L e)

Outside dimensions and mass of the EMS ventilator

201.7.9.3.1.10L d)

Pneumatic diagram of the ventilator, including a diagram for operator-detachable, parts of
the ventilator breathing system either supplied or recommended in the instructions for use

201.7.9.3.1.10[L b)

variables that are displayed or used for control

Summary description of the filtering or smoothing techniques for all measuted or computed

201.7.9.3.1.10[L a)

ventilation-mode of the ventilator

Summary description of the means of initiating and terminating the‘inflation phase in each

201.7.9.3.1.10[L c)

movement

Technical details of the means for securing the ventilator"to avoid unwanted lateral

201.9.4.3.101 1)
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Annex D
(informative)

Symbols on marking

Annex D of the general standard applies, except as follows:

Addition}
Table 201.D.2.101 — Additional symbols on marking
Np Symbol Reference Title and description
1 r B IEC 60878:2015[22] Use by date
ISO 7000-2607 On packaging. To indicate” that the device
Symbol 5.1.4 should not be _used after the date
1SO 15223-1:2016 accompanying the'symbol, for example on a
medical device _or its packaging. The
L _ .
expiration date can be a year, year and
month, or'year, month, day. The date shall be
shown/adjacent to the symbol. The date may
for example be given as follows: 1997-06-12.
The\date shall be expressed as in ISO 8601 as
four digits for the year and, where
appropriate, two digits for the month and
two digits for the day. For some medical
devices (e.g. in vitro diagnostics), this date is
only valid when the medical device is
unopened.
2 IEC 60878:2015(22] Batch code
1SO_7000-2492 To identify the manufacturer's batch or lot
LOT Symblol 5.1.5 code, for example on a medical device or the
1SO 15223-1:2016 corresponding packaging. The code shall be
placed adjacent to the symbol.
3 IEC 60878:2015(22] Catalogue number
ISO 7000-2493 To identify the manufacturer’s catalogue
H E F Symbol 5.1.6 number, for example on a medical device or
1SO 15223-1:2016 the corresponding packaging. The catalogue
number shall be placed adjacent to the
s symbol.
4 IEC 60878:2015[22] Serial number
[SO 7000-2498 To identify the manufacturer’s serial number,
SN Symbol 5.1.7 for example on a medical device or its
4 4 packaging The serial number shall be nlaced
ISU 104245-1.2U10 r oo r
adjacent to the symbol.
5 IEC 60878:2015[22] Contains or presence of [natural rubber
1S0 7000-2725 latex]
Symbol 5.4.5 On medical devices: to indicate that the
1SO 15223-1:2016 equipment contains the identified product or
substance.
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No Symbol Reference Title and description
6 IEC 60878:2015[22] Input; entrance
I ISO 7000-0794 To identify an entrance, for example exhaust
< gas entry for measurement (for example of
I CO2 value).
For electrical (signal) input use symbol
IEC 60417-5034.
7 IEC 60878:2015(22] Output; exit
.I 1S6-7066-0795 To—identify—an—exit—ter—example—gf an
% hydraulic pump.
—I For electrical (signal) output_Use”symbol
IEC 60417-5035.
8 IEC 60878:2015[22] Contains or presence of [XXX)|
ISO 7000-2725 On medical devices: toindicate that the
EN 15986:2011 equipment contains-the identified prodyct or
substance.
Replace "XXX“with the symbol or other
identification of the substance that is
containedot present, where PHT is used for
phthalate.
9 IEC 60878:2015(22] MR Safe
Symbol 7.3.1-1 To identify an item which posey no
IEC 62570:2014 unacceptable risks to the patient, mqdical
staff or other persons within the|] MR
environment.
When colour reproduction is not pragtical,
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.
10 [EC 60878:2015(22 MR Safe
Symbol 7.3.1-2 Alternative graphical symbol representgtion.
IEC 62570:2014 Same meaning as IEC 62570-7.3.1-1.
11 IEC 60878:2015 [22] MR Conditional
Symbol 7.3.2 To identify an item which posegy no
IEC 62570:2014 unacceptable risks within defined conditions
to the patient, medical staff or other pefsons
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 strengly
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.

Additional Annexes:
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Annex AA
(informative)

Particular guidance and rationale

AA.1 General guidance

This Anipex-providesratiomatefor-the-inrportantrequirente ot A
for thos¢ who are familiar with the subject of this document but who have not participated n.i
development. An understanding of the reasons for the main requirements is considered.to b
essentia| for its proper application. Furthermore, as clinical practice and technology change, it

believed| that rationale for the present requirements will facilitate any revision of this:-document

necessitpted by those developments.

AA.2 Rationale for particular clauses and subclauses

Subclau([e 201.1.1 — Scope

ISO 806(1-2-84 ventilators are not considered a physiologic closed-ldop control system due to tH
fact that|parameters monitored during delivery of respiratory gasesthat are also used to contr

the delivery of these gases are exclusively physical pardmeters of the delivered gasefs.

Consequlently, these parameters are considered equipment.variables as specified in IEC 6060
1-10.

A pressyre-controlled ventilator that uses the breathing system pressure as a feedback to contr
breathing system pressure is a closed-loop control system, but not a physiologic closed-loop contr
system. The breathing system pressure is considered both a 'variable' influenced by the patie
physicallconditions and at the same time a 'feedback variable’, but it is not a quantity or conditio
measurgd from the patient’s physiology.

The patipnt by its physical condition isla)disturbance on the closed loop system but the ventilat
does not adjust the ventilation therapy settings based on measurement of these patie
parametgers.

The reqliirements of this decument do not require the ventilator to adjust ventilation delivel
parameters based on the @etection in the change of physiological conditions of the patient. A
automatjc adjustments‘of ventilator equipment parameters or generated alarm conditions a
only based on the measurement of physical variables related to the delivery of breathing gas t
the patignt-connection port. In this sense the ventilator ends at the patient-connection port, (i.
has no djrect contact to the physiological parameters of the patient) and a change in the patient
physioldgicalieonditions is a disturbance to the ventilator’s control system that does not act 1
control the physiological change but continues to control the physical variable(s) to their origin

[S
e
N
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objectives:

Ventilators create alarm conditions when detecting faults in the delivery of breathing gases to the

patient-connection port but do not adjust therapy setting of the ventilator.

The following are examples of medical devices that are considered physiologic closed-loop control

system.

— 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.
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— 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 the patient based on the measured physiological
parameter. A ventilator will not titrate but will either stop ventilation or generate an alarm
condition.

Subclause 201.4.3.101 — Additional requirements for essential performance

The modern EMS ventilator with an active exhalation valve has differing ventilation~mades that
cdn consist of multiple inflation-types. This is necessary as patient response toventilation is
uhpredictable. Patient-initiated breaths or inflations where the inspiration is terminated by the
pqitient can have characteristics that are different from those that have been set by the gperator.
Ejsential performance as “ventilation within the alarm limits set by the operator” is inclusive of
those inflations that the patient modifies outside of the ventilatory(parameters set by the
operator, 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 ddfine the
egsential performance for a particular patient.

The distributed essential performance criteria captured in{Fable 201.101 have been idenléified by
the committees as the minimum clinical performance necessary to reduce the possibility of
exposing the patient to unacceptable risk. Conformance criteria for some of the clauses within
IHC 60601-1, this document and the other applicable collateral standards include “fnaintain
eysential performance”. The committees have récognized the difficulty in confirming| that all
agpects of essential performance are maintained*when completing longer duration testing.

Fpotnote a to Table 201.101 indicates methods of evaluating delivery of ventilation as ac¢eptance
ctiteria following specific tests required by this document. It is intended to provide criteria that
cdn be used to easily verify that.essential performance has been maintained. Althqugh the
degradation of performance detailed in 202.8.1.101 are associated with immunity tesfing, the
sdme criteria are intended to be-used when the conformance criteria from any other dlause or
siibclause require confirmatien that essential performance is or has been maintained.

Those aspects of essential performance that cannot be reasonably linked to the confprmance
ctfiteria within 202.8.1.101 need to be confirmed via other means. However one ne¢ed only
confirm that the sp€cific requirements indicated in 202.8.1.101 that are likely to have an impact
on specific clinical’performance are maintained after testing.

Subclause 201.4.6 — ME equipment or ME system parts that contact the patient

Since mueh of the VBS is likely to be draped over or around the patient, it is likely to come into
direet contact with the patient during normal use. Also of concern are electrical hazards should
any-oircuitry be incorporated into the VBS. By ensuring that the gas pathways of the VBf and its
parts or accessories are subject to the requirements for applied parts, these issues are addressed
by the requirements already in the general standard.

Subclause 201.4.11.101 — Additional requirements for pressurized gas input

An EMS ventilator designed to be connected to a pressurised gas supply is required to continue
to operate reliably throughout its rated range of supply pressures, but these pressures can only
be maintained if the EMS 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 ventilator
should be designed to prevent an unacceptable risk under possible single fault conditions of the
pressurised gas supply.
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Pressurised medical gas supplies, including medical gas pipeline systems and cylinder pressure
regulators conforming to current relevant standards, supply medical gasses 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 ffo ITmit their output pressure to not more than I 000 KPa. All gas-powered ME equipmeht
should be designed so as not to present an unacceptable risk if its supply pressure rises up to)thjis
value.

EMS venftilators with maximum rated input pressures exceeding 600 kPa are required to fulfil
these copditions at up to twice their maximum rated input pressure.

Under the single fault condition that the supply pressure of any one gas dreps below 280 kRa
under sfeady-state conditions, it is understood that an EMS ventilator cannot be expected to
continug to operate on this gas. However, it is required that in this case thel 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 soyirce (oxygen or air) to driye
the EMS|ventilator. This requirement is stated in subclause 201.13.102.

To ensufe that the minimum pressure of 280 kPa can besmaintained in practice, medical ggs
pipeline |systems supplying compressed medical gases thteugh gas-specific terminal outlets are
designed so that they can maintain this pressure at the input of gas-powered devices whilpt
supplying steady-state flows up to 60 1/min at a single outlet connected directly to the pipeling.
Accountlis taken of the pressure drop in the pipeline'supplying the outlet and the pressure drop,
at 60 1/min, across the terminal unit and the hosé'assembly connecting the device to the pipeling.

The medlical gas pipeline system is also required to be capable of supplying sufficient gas that th
flow can|be drawn from a predetermined\number of adjacent terminal units simultaneously. Th
actual nhmber will have been determined during the design and installation of the medical g
pipeline fystem by the application gof\a ‘diversity factor’; a factor agreed between the supplier an
responsiple organization to be appropriate for each section of the installation according to th
designatied purpose of each _area supplied. Recommended diversity factors are formulated {
ensure that the medical gas pipeline system is capable of supplying an average flow of 60 1/min 1
the required proportion- of"terminal outlets. However, if the flow demand from many adjace
|

o ® »n
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ventilatgrs exceeds 60 l/min there is an increased possibility that the ventilator input pressu
could fall below 280kPa, mainly because of the increased pressure drop across the terminal unfit
and inpyt hose (@lso because of the flow-drop characteristic in the case of pressure regulators
supplying a single terminal outlet).

In additiofrto steady-state flows of 60 1/min, the switching of the internal pneumatic system and
the operation of a patient-demand System can result In a ventilator requiring transient iput
flows far in excess of 60 I/min. Because of the compressibility of gas at pipeline pressures and
the diameter of piping that is employed 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
inlet of the ventilator to below 280 kPa, due to transient flows in excess of 200 I/min (over 3 s),
but most of these drops will be within the supply hose assemblies specified by the manufacturer.
Manufacturers need to evaluate their own designs to establish whether any consequent transient
pressure drop affects the performance of their ventilator when used with recommended supply
hose configurations and when connected to alternative gas-specific terminal outlets such as those
fitted to cylinder pressure regulators conforming to ISO 10524-1.
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Ventilators that can draw greater average or transient flows during intended use are permitted,
but their accompanying documents are required to disclose those flows and warn of the need for
a different diversity factor.

The average flow of 60 1/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 1T/min for up to 3 s transient flows, during the preparation of the [rst edition of the current
s¢ries of standards for medical gas pipeline systems and were aware of the need to satjisfy that
specification when finalizing the medical gas pipeline system test requirements.

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
siibsystems restrict the flow that can be drawn from their terminal outléts.

Subclause 201.5.101 — Additional requirements for general requirements for testing of
ME equipment

After due consideration, the committees decided that whereithis document specifies adjoining
ranges for variables as the basis for testing and the declaration of performance, the end|value of
bpth ranges should be applicable to both ranges. This mieans that a manufacturer is free|to use a
rogund number end value (e.g. 300 ml) in specification$ and is not forced to truncate artificially
the declared range in order to avoid having to satisfy also the test requirements of the adjacent
rgange. This permits, for example, one EMS ventilator to have a declared range inspiratory volume
0f 300 ml to 1000 ml and another 100 ml to 300°ml, with each EMS ventilator only being required
td be tested for the conditions specified for;2300 ml or <300 ml respectively.

Subclause 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,
s¢veral standard temperatures are used. Whereas 0 °C is used as standard temperpture in
physics, either 20 °C or 21,2*°C (70 °F) is often used in engineering. In ventilation, the gas in the
Iyngs has a temperaturé 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
1B,5 % from 0 °Cte 37 °C or by 5,8 % from 20 °C to 37 °C.

Ghs delivery systems supplying pressurised gas to medical equipment, including EMS ventilators,
fdllow engingering conventions and specify gas quantities and flow rates at STPD conditi¢ns. This
practiceis\followed in this document for all requirements concerning gas input.

Hpwever, EMS ventilators conforming with this document are likely to be inflating the patient’s
1 RS relative to-alocal afmncphnrir‘ pressure between 70 kPa and 110 kPa. In addih'nn' 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 STPD can
expand the lungs by 1,8 1 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 referenced
to the same standard conditions. Because it is the volume of gas and not the number of molecules
that expands the lungs, BTPS is the appropriate set of reference conditions to use.

In EMS ventilators a variety of flow transducers are used. Whereas a heated-wire anemometer
measures the rate of mass flow of the gas independent of pressure, a pneumotachograph
measures the flow of gas at the actual pressure. Therefore the necessary corrections depend on
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the type of flow transducer. When a pressure correction is required, this can be adequately
estimated.

The necessary corrections also depend on the location of the flow transducer in the VBS. The
humidity of the gas can be zero when the transducer measures the inspired flow inside the EMS
ventilator. When, however, the flow transducer is located at the Y-piece, the relative humidity
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 humfdity of the drawn-1n air can be unknown to the EMS ventilator. All these effects together
will ineyitably introduce some errors in the conversion of the measured flow signal to (BFFS
reference conditions. However, these errors are only in the range of several percent! Far
inspiratdry volumes greater than 50 ml, the committee came to the conclusion that the permittgd
inaccurdcy of the measurement of *(4 +(15 %) ) ml is sufficiently wide and-ineludes the

S

y

inaccurdcy of the flow transducer and the inaccuracy of the conversion to BTPS conditions.
However, it remains the responsibility of the manufacturer to verify that the accurag
requirements of 201.12.1 and 201.12.4.103 are met.

Subclaujse 201.5.101.3 — EMS ventilator testing errors

When tdsting EMS ventilator performance several of the test parameters cannot be measurgd
without fa significant degree of measurement uncertainty due tolimitations of the accuracy that
can be gchieved, particularly when measuring volumes by thevintegration of rapidly changing
flows.

Because|of the relative significance of these uncertainties, it is important that manufactureys
allow for them when declaring parameter accuracy.

Similarly, it is important for a third-party testen'to recognise the significance of the uncertainty
in their pwn measurements when testing to thiis document.

In practice, this means that, for example,‘if'a manufacturer determines that a parameter has gn
intended tolerance of +10 %, but the measurement uncertainty is +3 % then the test acceptange
criteriony is #7 %. If a third party is testing to this document, they also need to include
measurgment uncertainty in theirytesting. If they subsequently obtain an error of the measurgd
value fof that parameter of +15 %, with a measurement uncertainty of +5 %, then the third-party
tester hds to accept the mgnufdcturer’s claim.

If a thirfd-party testeriS testing to this document, they also need to include measurement
uncertainty into theip testing. If they subsequently obtain an error of the measured value for that
parameter of +15 %;with a measurement uncertainty of 5 %, then the third-party tester has to
accept the manufacturer’s claim.

Furthermore, ‘the manufacturer is required to disclose the measurement uncertainty for eadh
declarewmmmﬁm&wwmmm:e

for a third-party tester as to the needed measurement accuracy when testing to this document.

Subclause 201.7.2.3 — Consult accompanying documents

The committee agreed that following the instructions for use is a mandatory action for the safe
operation of an EMS ventilator.

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

Although the intended user group for an EMS ventilator is primarily paramedical service first
responders and emergency care physicians, who are routinely trained in the use of their
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equipment, their use might not be on a frequent basis. The committees consider that it is
important that the operator has immediate access to those instructions necessary to place the

EMS ventilator into use.
This can be in the form of written or illustrated instructions for use:

— attached to the EMS ventilator;

— in the instructions for use;

— provided via a graphical user interface on the EMS ventilator; or
— by other means.

Ohe possible example (although not currently implemented on any EMS ventilator know
committees) would be to provide oral prompts; in the same fashion as previded by publ
AEDs (automated external defibrillators). These use a combination of oral prom
illuminated controls to guide a operator through a life-saving medicab procedure.

The requirement for legibility in clause 7.2 of the general standatd would be deemed to
the instructions can be interpreted correctly by the operator,whether provided in visual
fdqrmat.

Subclause 201.7.4.2 — Control devices
S¢e also rationale for 201.15.102.

Many EMS ventilators are designed to operaté from one single high-pressure oxygen soy
use a venturi injector to entrain air in order to provide one or more ‘lower oxygen’ sef]
agldition to providing ventilation with pure oxygen. This design is often used in EMS ve
intended for first responder applications.

EMS ventilators according to this design typically do not control oxygen concentrat
specified tolerance.

Because of the physical gharacteristic of the venturi principle, the oxygen concentration
significantly on the inspiratory flowrate and the mean airway pressure.

arking an EMS ventilators utilizing the venturi principle with a quantitative concentrati
(quch as FiO; =0y40, or 40 %) would be potentially misleading owing to the wide tolera
ould apply.

Subclause201.7.4.3 — Units of measurement

Afditional information is found in rationale for 201.5.101.2.
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Subclause 201.7.9.2.2.101 — Additional requirements for warnings and safety notices

c)

In case of a severe ventilator failure, the ventilator stops ventilating the patient. There is

no 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

interruption of the ventilation of the patient as short as possible, an alternative means of

ventilation has always to be available close to the ventilator.
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d)

Additional attachments or other components or subassemblies increase the resistance and
compliance of the VBS. The additional flow of a pneumatic nebuliser or the sampling flow of a
diverting gas monitor could have a negative impact on the accuracy of the measurement of the
flowrates and oxygen concentration.

e)

The funr‘finnnli’ry of hrpnfhing system filfprc is affected hy a number of aspects of structur

properties and local environment.

At the nmost basic, a BSF is designed to be a filter that removes particles suspended in gas, i.e.|a
“dry aerpsol”. The particles primarily targeted in the VBS are bacteria or virus particles/\(although
other palrticles would be subject to retention). The filtering material (“medium”) is\composed ¢f
a matrix|of solid material with open passageways to allow gas flow. The passagewdys in such ggs
filters are relatively large compared to the bacteria and virus particles that are’to be removeg.
The spatial arrangement of the solid part of the filter medium versus theyepen spaces in the
medium|brings the particles in proximity to the surfaces of the medium,where physical forcgs
(electrostatic attraction and Van der Waals forces) attract and bind<the particles within the
matrix, femoving them from the gas flow.

In the gractical situation of anaesthesia or respiratory car€ therapy, environmental factors
related to the patient, or the therapy can alter the performance of the BSF from that which would
occur infthe simple flow of air with suspended microorganisms though the BSF.

One majpr factor is the presence, phase and amount ¢f moisture present in the airflow.

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 relatiye
humidity, some BSFs can adsorb or absorb part of this humidity.

If the moisture exists as a liquid aerospl,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 watsg
takes place is its relative affinity)for water. A medium which readily attracts water is termég
“hydrophilic” and a medium which repels water is termed “hydrophobic”. These properties ar
in fact, not discrete, but exist-on a continuous scale. Nevertheless, in common parlance filters ar
grouped|into being (relatively) hydrophilic or hydrophobic.

oD a =

Another|example ofdiquid 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 cifcuit, and the positioning of the BSF, this bulk water can actually completely cover and
occlude [the¢filter. If a sufficient pressure is applied, the liquid water can be forced though the
pores off the filter medium. This requires relatively low pressure for a hydrophilic filter and
relatively high pressure for a hydrophobic filter.

The practical consequences of the latter scenario is that if liquid is forced though a hydrophilic
BSF, gas flow blockage can be relieved, but any microorganisms removed by the filter can be
carried past the filter with the liquid stream. In the case of a hydrophobic filter, the pressure in
the VBS is usually not sufficient to force liquid though the medium, so the microbial retention is
not compromised. Airflow occlusion persists, however, until steps are taken to remove the bulk
water.

In addition, there can be a temporal aspect to the properties of relative hydrophilicity or
hydrophobicity whereby prolonged exposure to water alters these properties during the expected
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service life of the BSF. A BSF is typically labelled with an expected service life, in hours or days,
that reflects its ability to perform to its labelled specifications in the clinical environment.

It should be obvious that the potential influence of water on performance differs in anaesthesia
and respiratory care applications, although many, if not most, BSFs are indicated for use in both
applications.

Additional effects on BSF functionality can be caused by the introduction of substances other than
water or gas into the device. Such substances can orlgmate from the patlent (e.g. sputum,
; ; Sor—stbstances—in 3 5 e1g. 8ross

amounts of medications intended to be nebulised for admlnlstratlon though the VBS]

The effect of such substances can be an increase in flow resistance of varyingl!degrée up to
complete occlusion at ventilator or physiologic pressures. In the case of nebulised medjcations,
the type of nebuliser, and its operating parameters are variables that affect the likelihood or
magnitude of significantly increased BSF flow resistance during a prescribed medication regimen.
I should be mentioned that accidental introduction of gross amounts)of medication from the
nebuliser reservoir during operator or patient manipulation of the VBS has been implicated as a
source of acute BSF blockage.

The cause of increased flow resistance in a BSF can be gross bleckage of the medium passages, or
the effects of surfactant properties of the substanceslintroduced into the BSF ulpon 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
wlith respect to their presence or their quantity, and these can change without notice for a given
medication. The effect of these substances upon floew resistance differs among individual models
and brands of BSFs.

The operator needs to be aware that these'effects can be manifested as increases in thelamount
of positive airway pressure required foryan EMS ventilator-provided breath, or as an indrease in
expiratory flow resistance. These effects can result in a step-wise increase in intrapulmonary
pressure that, if not detected, candead to pneumothorax.

Awareness of the possibilitypalbeit infrequent or rare, of such significant increases in BSF flow
rgsistance, and inclusion/inva trouble-shooting scheme for this and other causes of impaired
ventilation can reduce dr eliminate adverse events occurring secondary to BSF flow occlusion.

Djrect patient monitoring, and usage of the appropriate settings for, and prompt attention to,
EMS ventilator alapm conditions are essential to provide maximum patient safety.

Ophce a BSFisirecognized to be a source of impaired ventilation, simply removing the dccluded
BSF and replacing it with another BSF returns ventilation to a normal state.

Subclause 201.7.9.2.8.101 — Additional requirements for start-up procedure

In some designs, adequate checking of the alarm system can be performed with a combination of
operator action and the power-on self-test routines that verify the integrity of the software and
the computer controlling the EMS ventilator, as well the measuring sensors and the alarm signal
generation.

Subclause 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 important 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 false positive
alarm condition can be caused by the use of high resistance components in the VBS. These
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characteristics of the VBS need to be inclusive of any inhalation or exhalation particle/BSF,
humidifier, nebuliser, water collection vessels and connectors needed for operation.

Subclause 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 considered as
contributing to any higher degree of safety. On the contrary, the use of such material increases
the risk of electrical shock to the patient.

Subclauke 201.7.9.3.1.101 — Additional general requirements
a)

The manufacturer is expected to express the description of the EMS ventilator in general terns
so the r¢ader can understand the important behaviour of the EMS ventilator (e.g.'mean valugs
and theif time specifications, number of breaths and delays, etc.).

Subclaujse 201.9.4.3.101 — Additional requirements for instability from unwanted lateral
movement

In developing the requirements for this clause, the committees feviewed the test limits fgr
accelerafion from EN 17891231 and from RTCA DO160G![241.

It 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 andto attending operators.

For road ambulance use, 4.5.9 of EN 17891231 provides requirements for medical device restrainfs
to withstand acceleration profiles with peak acceleration in each direction of 10 g. This is appli€
as an acgeleration impulse, involving a peak@cceleration in the range of 80 m/s2 to 120 m/s
(8,2 g to| 12,2 g) with a profile with an ovekrall period between 80 ms and 150 ms. It was note
that thid is equivalent to being brought:to a stop from a speed in the range of 17,3 km/h
51,8 km/h.

c a..ha

The conlmittees agreed that an(appropriate test for the EMS ventilator attachment that would
ensure donformance to the requirements in EN 17891231 under all allowed test conditions would
be to require a test at 10 g for'a period of 150 ms. This is equivalent to a crash from a speed ¢f
52,9 km/h.

For use| in an air{ehicle, the most appropriate requirement identified is from 7.2.1 of
RTCA D(1601241. The standard includes a table listing acceleration profiles for crash tests
applicablle to various different types of aircraft. These include different profiles for orientatign
along anid perpendicular to the direction of travel. The committees adopted the worst-case stres$s
b1
le

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 multiple impulses (with an impulse
duration of not greater than 11 ms) and for sustained acceleration for 3 s.

The committees agreed that an appropriate test for the EMS ventilator attachment for an EMS
ventilator intended for air transport use would be to require a test at 20 g for a period of 3 s
horizontal and vertically downwards, and 4 g vertically upwards.
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Subclause 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. Reference
the common practice of sitting in a sauna without harm to the respiratory tract[él. Fully saturated
gas at 45 °C can be inspired for up to 1 h without damaging the mucosa of the respiratory tract[7l.
A more recent study reported tolerance of inspired gas temperatures of 46,9 °C to 49,3 °C,
100 % RH (265,6 k]J/kg) for 45 minl(8l],

Taking into account the enthalpy of inspired gas that has been shown to be tolerated without
3 +la 1 Gaas £ +lo I H Jd 41 I 4 43 £
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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 bgyobserved. Given
that most of the energy is contained in the water vapour, the equivalent of airat 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 and an enthalpy content of 197 k]J/m3 of dry air. Assuming thevolume breathed by the
pqitient is the same whatever gas mixture is used, then the safe enthalpy limit is 197 kJ/m3 of dry
gas. This enthalpy per unit volume gives a more relevant measuré of the energy deliver¢d to the
pqtient.
S

t

b

yistained delivered gas temperatures above 41 °C, depending on the combination of gas
gmperature, level of water saturation and patient exposure time, can be hazardous. Cqnfirmed
i studies conducted by the US Navy Medical Research and Development Command![t7], cqncluded
that fully saturated gas at 45 °C can be inspired forkup'to 1 h without damaging the mucojsa of the
respiratory tract.

Gps at body temperature and fully saturated (37 °C and 100 % RH) does not transfer|thermal
energy to or from the patient with a mormal body temperature of 37 °C. Dry gas |at body
tgmperature (37 °C and 0 % RH) draws)heat away through evaporation. Gas at 41 °C and fully
sqturated has the capacity to delivertless than 181,3 kJ/m3 of dry gas breathed by the pdtient.

he enthalpy content of 197 kJ)m3 has been in long time in use to limit the energy trgnsfer of
imidified breathing air to the'respiratory tract of a patient with by-passed upper airways and
h negative feedback withregard to this limitation was known at the time of the consifleration
this document. The (committees asked for clinical advice as to whether in addition to the
thalpy limitation, the temperature needed also to be limited. A German group of clinicians after
Insidering the issue’and the literature available came to the following conclusion:

S 50—

Q @ O

The literatureshows:[161[17]1[18]

— thermal)inhalational traumas with temperatures above 100 °C but with unknown humidity
content;

— @he very low RH of about 5 % only at 100 °C with an enthalpy content of 197 kJ/m3;

— the good experience with the limit of enthalpy content of 197 k]J/m3 of dry air in humidified
breathing gases;

— the physical facts that a blower/turbine type ventilator increases the temperature of the gas
taken from the environment in the range of 15 °C to 25 °C;

— ventilators are used in environments up to 45 °C;

— an additional temperature limitation is intended to limit the temperature under worst-case
condition; and

— a sufficient safety margin to protect the patient from thermal injuries of its airways.
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The clinician group recommended to keep the thermal energy limitation of 197 kJ/m3 and
add a maximum temperature limitation of 70 °C[1¢l, whichever is lower. The committees
agreed and confirmed this proposal.

Subclause 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
ventilatdr, accessory or part.

Therefore prior to reuse, ventilators, their accessories and parts require an appropriate level pf
disinfectjon, depending on their use, but rarely need to be sterile.

Recommlendations for hygienic processing of ventilators, their accessories and)parts are based dn
the gendral hygiene requirements for the processing of medical devicessand need to take into
considenation the special requirements and needs of patient care in thelelinical environment. The
requirerments for hygienic processing in this document are intended‘o:

— makg the responsible organization for processing the ventilator aware of how to implement
thesp tasks in a responsible manner through appropriate‘delegation; and

— help|all parties involved in the processing of ventilators, their accessories and parts to comply
with| the manufacturer’s instructions.

The cleqning and disinfection procedures of thé€omanufacturer are also intended to provide
practical support to all those involved in patient care in the clinical environment with regard to
implemgnting the hygiene measures required-for the patient’s safety.

The mahufacturer is encouraged to (concentrate on four essential aspects of cleaning ard
disinfectjon:

bb) the ¢xternal enclosure of the\ventilator;

cc) the vVentilator’s removable breathing circuit, including accessories and parts (e.g. humidifie
remgvable flow senser, connectors, water traps, breathing system filters);

-

dd) the internal gas.pathways that can become contaminated with body fluids or by contaminants
carr]ed by expired gases during normal condition or single fault condition, which generally
residle within the ventilator’s enclosure and are normally replaced or processed betwegdn
patientsy and

ee) the internal gas pathways that cannot become contaminated with body fluids or by
contaminants carried by expired gases during normal condition or single fault condition,
which generally reside within the ventilator’s enclosure and are not normally removed or
processed between patients.

Regarding the cleaning and disinfection or cleaning and sterilization of a), b) and c), above,
manufacturers are required to provide detailed, validated procedures for ensuring safe and
effective processing to protect the next patient, caregivers, technicians and third parties from
pathogenic contamination. Manufacturers are required to document these procedures in the
accompanying documents of the ventilator. Since the gas pathways described in d) above are not
contaminated by a patient, manufacturers are not required to provide, validated procedures for
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processing them. Item c) and to some extent 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 (severe acute 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
vgntilator from one patient to another.

In the event that the responsible organization suspects that the internal gas pathways of a given
véntilator might have become contaminated with pathogenic material from the pirevioug patient,
the committee suggests a three-step process in the following order to assess ngxt actionf:

— ensure that the breathing circuit and all accessories have been removed and ddalt with
according to applicable procedures;

— thoroughly disinfect all outer surfaces of the ventilator enclosure, including the outer|surfaces
of the gas output port and gas return port; and

— only after executing the previous two steps, swab thedinner surfaces of the gas outiput port
and gas return port and culture the swabs to determine if pathogenic material is prefsent.

Iff contagious pathogens are detected, the responsible organization should follow the
manufacturer’s processing procedures found in the accompanying documents to protect [the next
pditient, caregivers, technicians and third parties from those detected pathogens. The regponsible
ofrganization should be aware that sensitive and expensive sensors are likely located in the
expiratory gas pathways. Follow the accompanying documents of the affected ventilators tp ensure
that delicate and possibly fragile sensors are not damaged during the processing procedlire.

Any ventilator that has already/been used on another patient is potentially contaminated with
contagious pathogenic microorganisms until proven otherwise. Appropriate handling and
processing procedures are essential to protect the next person handling the device or the next
pqitient on whom the deyvice is used. Hence ventilators, their re-usable accessories and pprts that
have been used should, when necessary, undergo a processing process, following the
manufacturer’s instritetions, prior to reuse on another patient.

T

he 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 [IMIts of the procedures Used for processing (SUch as the number of processing cycles);
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; and

— the risk of infecting another patient resulting from their reuse and the type of application of
the ventilator.
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Special consideration of the possible risk associated with the contamination of gas-conducting
components due to the patient’s re-breathing under single fault condition is required.

On the basis of the above, a verified and validated documented processing procedure needs to be
specified in such detail that the outcome is reproducible. An acceptable residual risk from the
hazard of infection for the next patient can be assumed if the:

— documented processing procedure’s effectiveness has been verified through appropriate
scientific methods by the manufacturer; and

— religbility of the documented processing procedures has been verified in practice through
appiopriate quality assurance measures by the responsible organization carrying-out the
processing procedures.

When sellecting and evaluating the processing procedures, the manufacturer should consider:

-

— the amount and type of pathogenic microorganisms expected to contamifate the ventilato
accefsories or parts;

— the 1fisk for the pathogenic microorganisms to be transmitted to the patient, operator or other
persjons; and

— the microorganism's resistance to the recommended progessing procedures.

The risks posed by a processed ventilator, accessories orparts are determined by the following
factors:

ff) undgsired effects, which can result from:
— the previous use,
— the previous processing procediires, and
— f{ransportation and storage;
gg) the rjisks from subsequent uses, such as the following:
— Tresidues from thé\previous use (such as secretions, other body fluids, and drugs);

— Ttesidues fronrthe previous processing procedures such as cleaning agents, disinfectants
ind othersubstances, including their reaction products;

— ¢hanges of physical, chemical or functional properties of the device; and

— changes in the condition of the material (such as accelerated wear and tear,
embrittlement and changed surface conditions, connectors and adhesive joints); and

dd)the risk of transmission of any pathogenic microorganisms.
When considering the suitability of the processing procedures and the feasibility of the processing
procedure for the ventilator, accessories or parts, the manufacturer should consider the following

points:

— the risks involved in the processing procedure;
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— the cost effectiveness of the processing procedure;
— the practicability of the processing procedure;

— the availability of the cleaning equipment and the cleaning agents specified in the processing
procedure;

— the efficiency of the processing procedure;

— the reproducibility of the processing procedire;
— quality management requirements of the processing procedure; and

— the environmental impact of the processing procedure and the disposalof the vdntilator,
accessories or parts.

The manufacturer should verify all cleaning agents and processing pfocedures used with regard
tq their suitability and repeatability with the ventilator, accessories-or parts, dependinlg on the
tyfpe of use.

The responsible organization should verify that cleaning ‘and disinfection of the vegntilator,
agcessories or parts are always carried out in accordapcé with the procedures specifigd in the
agcompanying document.

The manufacturer should specify validated automated cleaning and disinfection procedures. If
they are not followed, the effectiveness of theclféaning and disinfection cannot be guaranteed.
Suich parameters could include the volume\of water used, water pressure, temperatjure, pH,
dpsage of cleaning agents and disinfectants’and residence time.
T
a

b ensure the reproducibility of automated processing procedures, tests should be carrigd out on
regular basis.

The manufacturer should ensure that the specified disinfection procedures are verified to be
bactericidal, fungicidal and.virucidal so that the cleaned and disinfected ventilator, accessories or
parts do not pose an unacceptable risk of infection by reproductive pathogenic microonganisms
when any of these elements, collectively or individually comes in contact, either difectly or
indirectly, with themext patient, operator or another person.

Effective disinfection requires that the instructions for the disinfectant, especially with regard to
concentratiofiand residence time, are followed.

Followingany processing procedure, a safety and functional testing of the ventilator (as §pecified
by thérmanufacturer’s instructions) needs to be carried out. If necessary, safety-relevant
fynctional testing can be carried out directly before use of the ventilator.

The extent and type of the tests depends on the ventilator, accessory or part and these need to be
defined in the accompanying document.

Subclause 201.12.1.101 — Volume-control inflation-type
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 oxygen. For a
ventilator intended for use only with oxygen, the rated range of concentration for the oxygen inlet
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would typically be “99,5 % + 0,5 %” (or alternatively “99,0 % to 100,0 %”). For a ventilator
intended for use with a medical gas pipeline system containing Oxygen 93, the rated concentration
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 inlet oxygen
concentration within the rated range on delivered oxygen accuracy.

For example, the disclosed tolerance needs to be broadened to account for variation in inlet
oxygen concentration. A ventilator that is indicated for rated range “90 % to 100 % O;” and that
does not measure the inlet concentration, and that has a blending accuracy of £4,5 %, would have
a delivefed oxygen concentration tolerance of ¥5 % when used with oxygen, but might haye|a
deliverefl oxygen concentration tolerance of £10 % when configured for use with Oxygen 93} Fhe
variation in inlet concentration sums with the blending error term to yield a deliverqd
concentration error.

Alternatjvely, 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 tolerange
of +6 % [and a restricted setting range of 21 % to 90 %), when used with Oxygeén 93.

The manufacturer is not expected to repeat testing with the oxygen inlet concentration being
varied across the rated range. It is expected that the effect of variation in the inlet oxygen
concentration that is theoretically derived can be used to adjustthe results of testing with|a
known concentration to determine blending accuracy.

Table 2901.104 — Volume-control inflation-type testing

The lung resistance values used in Tables 201.104 and201.105 are essentially unchanged from
the test rases specified in now withdrawn ASTM F1100:901301. The only difference has been the
addition|of five further infant test cases to extend downwards the range of tidal volume.

ASTM F1100139] included a note that resistance values are for ‘parabolic resistors’. These are
simple devices comprising an orifice plate.with a cylindrical hole that are easy to manufacture o
good tolprance. However, these have a vdriation in pressure with flow that follows a quadratilc.
This resplts in an effective increase in‘résistance 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 Qe
construdted, they typically rely enjuse of porous media or small-scale laminar-flow structures to
achieve f linear pressure-flow(profile, and are more difficult to manufacture to close tolerance

In the fifst edition of ISO.80601-2-12, the test lung configuration values were retained; however
the tabl¢s were amendedto specify use of linear resistance. At the time, this was thought to he
more representative)of clinical use, and the increasing availability and use of electronically-
controll¢d test lungs-meant that modelling linear resistance was less challenging.

However it hassbecome clear that in some cases this leads to clinically implausible test cases,
particularly‘those test cases that use R200 resistance (intended to represent a 3,0 mm trachepl
tube) with=tidal volumes of 30 ml or greater Test lnng resistors are calibrated at a test flow of
11/s (60 1/min). Both a parabolic and a linear resistor with 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 1/min, while the linear resistor pressure drop is
100 hPa. The effect is even more pronounced at lower flow rates — the pressure drop at 15 I/min
is 12,5 hPa for the parabolic, versus 50 hPa for the linear, resistor.

In normal breathing patterns, flow in the lung is approximately laminar (owing to the
preponderance of the resistance being in the very small-scale passages in the lower levels of the
tracheobronchial tree). Typical values for total pulmonary system resistance in mouth-breathing
humans vary from approximately 20 hPa/l/s to 25 hPa/l/s in neonates, to less than 5 hPa/l/s in
adultsi31l. These values are significantly increased in restrictive airway disease. However the very
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high values of resistance found in the ventilator test case tables largely represent the resistance
of the tracheal tube.

Measurements of pressure drop versus flowrate for seven sizes of tracheal tubes have been
published[32l, A 7,0 mm tracheal tube has a resistance at 1 1/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
resistance is approximately R4 (4 hPa/(1/s)).

For smaller sizes of tracheal tubes, the resistance changes significantly as flow increases above a
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Figure AA.1 — Pressure drop calculation for 3.0 mm tracheal tube, 100 % RH room air
at sea'level, 37°C, using approach specified by Jarreau32]

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 mmitracheal
tybe. The critical/flow is evident in Figure AA.1 as a notch in the pressure curve at approximately.
12 1/min (052-1/s). Below the critical flow, the pressure drop scales approximately as| flow to
ppwer 1,33 while above the critical flow the pressure drop scales approximately as flow §o 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.

The next two columns show the average flow required (assuming a rectangular flow waveform)
and the peak flow required (assuming a worst-case linear decreasing flow pattern, terminating
at zero flow). The right hand columns show the worst-case pressure drop for worst-case flow
assuming a parabolic resistor, or a linear resistor, respectively.

[t is clear that changing the resistor specification from parabolic to linear has very significantly
altered the pressure drop due to resistance in all test cases with an inspiratory volume less than
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300 ml. In several cases, such as #11, #13 and #15, the resulting pressure drop is far in excess of
the pressure drop appropriate to this patient model. However, in other test cases such as #18
through #21, the parabolic resistor is clearly too low a resistance to be appropriate.

Calculated pressure drop across a number of sizes of tracheal tubes at specified flow rates
appropriate to that size patient are tabulated in Table AA.2, expressed both as actual pressure
drop, and as a resistance value (expressed in hPa/(1/s)).

Table AA.1 — Flow and pressure drop for linear and parabolic resistors

Test C R Vinsp, mL _lnsp Mean P:low, Peak F_low, AP, hPe? A!’, hPa
# mL/hPa | hPa/(L/s) Time, 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 2050
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 72 12,0
6 20 50 300 1 18 36 18,0 30,0
7 10 50 300 1 18 36 18,0 30,0
8 10 20 200 1 12 24 3,2 8,0
9 3 20 50 0,6 5 10 0,6 3,3
10 3 50 50 0,6 5 10 1,4 8,3
11 3 200 50 0,6 5 10 5,6 33,3
12 3 50 30 0,6 3 6 0,5 50
13 3 200 30 0,6 3 6 2,0 20,0
14 1 50 30 0,6 3 6 0,5 5,0
15 1 200 30 0,6 3 6 2,0 20,0
16 1 200 20 0,4 3 6 2,0 20,0
17 1 200 15 0,4 2,25 4,5 1,13 15,0
18 1 50 10 0,4 1,5 3 0,13 2,5
19 0,5 50 5 0,4 0,75 1,5 0,03 1,3
20 0,5 200 5 0,4 0,75 1,5 0,13 5,0
21 0,5 200 5 0,4 0,75 1,5 0,13 5,0
Table AA:2 — Flow and pressure drop for linear and parabolic resistors
Tracheal tube Test Case Flow Pressure Drop Resistance
diameter 1/min hPa hPa/(l/s)

mm

%5 675 6,36 #+3

2,5 2,0 1,96 59

3,0 1,0 0,4 23

3,0 4,0 2,3 35

4,0 3,0 0,5 9

4,0 10,0 2,5 15

5,0 50 0,4 4,5

50 24,0 3,6 9,0

7,0 20,0 0,6 1,8
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7,0 60,0 3,7 37

The test cases need to account for both the resistance of the tracheal tube, and the resistance of
the patient’s pulmonary system. This suggests that for tidal volumes of no greater than 20 ml (test
cases #16 to #21) resistance values of 50 hPa/(1/s) to 200 hPa/(l/s) 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 5 hPa/(l/s) to 50 hPa/(l/s). Based on this, the resistance
values in Table 201.104 and Table 201.105 have been adjusted from the values contained in
previous standards.

Subclause 201.12.1.102 — Pressure-controlled inflation-type
b) 3)

S¢e rationale for 201.12.1.102 b) 3).

Thble 201.104 — Pressure-controlled inflation-type testing
S¢e rationale for Table 201.104.

Subclause 201.12.4.101 — Oxygen monitor

After a long discussion, the committees concluded that/it\is not the length of intended us¢ but the
pqitient population (i.e. neonatal use) that should be used to make oxygen monitoring mandatory.

onitoring the oxygen level and including level alarm conditions is an ineffective risk copntrol for
an EMS ventilator that does not control the oxygen’concentration (e.g. venturi entrainment) since
the delivered concentration varies widely with*flow and pressure.

Subclause 201.12.4.102 — Measurement of airway pressure

The site in the VBS at which pressure is’sensed varies from ventilator to ventilator. Generally, the
manufacturer chooses one of two-strategies:

— measuring the airway pressure by direct sampling at the patient-connection port: or

— indirectly estimating thie pressure at the patient-connection port by measuring the pressures
at two locations imthe ventilator, on the inspiratory side of the VBS (at the “to patiept” port)
and on the expiratory side of the VBS (at the “from patient” port), and, after mathpmatical
manipulationyaveraging the two values.

Eyen if the first strategy is chosen, the actual pressure transducer will be located inside of the
ventilatorienclosure with narrow-diameter “plastic” tubing linking the pressure-sampling port at
the patient-connection port to the sampling nipple on the pressure transducer. And fgr safety
rg¢asons a separate transducer will likely measure the pressure on the inspiratory side aft the “to
patient” port. The displayed airway pressure, however, is always expected to estimate adcurately
the true value that would be measured at the patient-connection port. Pressure measurement 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 during inspiration the gas in the expiratory limb is essentially stagnant, one can
conclude that the 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 inspiratory
limb, the pressure measured on the inspiratory side of the VBS can be taken as the airway

© IS0 2020 - All rights reserved 75


https://standardsiso.com/api/?name=5e765fe1d1f0566d97f982f7f883f74e

I1SO 80601-2-84:2020(E)

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, »J(s), can be approximated by Formula (AA.1):

Py(t) = Pi(t) = Vi(t) X Ry (AA.1)
where
Pi(t) isthe measured pressure on the inspiratory side of the VBS,

Vi(t)| is the flow in the inspiratory limb, and

Ry

is the resistance of the inspiratory limb.

The airway pressure on the expiratory side, p%(/), can be approximated by Formula (AA.2):

Py (t) = Pg(t) + Vg(t) X Ry (AA.2)

where

Pg(t] isthe measured pressure on the expiratory side of the VBS,

Ve(t
RE

Taking t

is the flow in the expiratory limb, and

is the resistance of the expiratory limb.

ne average of the inspiratory and expiratory pressures is shown in Formula (AA.3), whig

arrives gt the best estimate of the airway pressure, Py(ry.

| E
Py(d) = w (AA.3)
The application of this last method requires a method to estimate R; and Rg. With appropriat

algorith

ms and regular cross checking*of the two pressure transducers, the reliability an

accuracy of Py (¢) is assured.

Subclause 201.12.4.103 — (Measurement of expired volume and low-volume alar
conditidns

It is degirable to haveCa“fast-responding measurement of volume and narrow alarm limit

Howeve

, as there is often considerable variation in a patient’s ventilatory pressures an

volumes| narrow @larm limits inevitably lead to clinically insignificant alarm conditions. As
result, operators.choose to set wide alarm limits to reduce the number of insignificant alar,

conditio

1s despite the fact that this can compromise patient care when there is a prolonged sm3

h

m

change iln their ventilation. Therefore, it is recommended that an EMS ventilator be designed {

initially

use a lower priority alarm condition, which escalates to a higher priority if the alar

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 operator has to prevent the harm from occurring.

Subclause 201.12.4.104- Maximum limited pressure protection device

The value chosen for the maximum limited pressurel341135] 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
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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+AMD2:2009 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.

The—desionof-press sre-tmitingtnEMS-ventiatorsin-geners
mechanical pop-off devices. The opening of the pop-off device needs a significant\ti
combination of this delay and the relative high resistance of the pop-off deviee Whe¢n open,
cfeates a significant increase of pressure (above the opening pressure) during the'felief{action.

Therefore, an additional pressure margin was needed to provide working pressures up to
DO hPa to the patient-connection port.

U=

The technology available to limit the pressure in the VBS has changed-se that a smaller additional
pressure margin is needed to ensure the ability to provide sufficient pressure to the|patient-
connection port.

Considering the risk of barotrauma caused by high pressures supplied to the patient’s lungs,
cInsidering the pressures necessary to ventilate most of the patients around the w¢rld and
nsidering the technology available as of today a survéy was initiated to determine:

— 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 casgs patients
can sufficiently ventilated with this ventilatoxypressure.

— the needed pressure difference between the maximum limited pressure and the nmaximum
working pressure with today’s-technology.

The following national member-bodies participated in this survey: FR, US, GB, DK, NZ, AU, CN, SE,
JR, SA, DE and CA.

The conclusion of this'survey was that:

— the maximum-glinical pressure necessary at the patient-connection port is 90 hPa;

— the maximum needed pressure difference between the maximum limited pressure|and the
maxiinum working pressure at the patient-connection port is 15 hPa.

Bhsed.on the above, the conclusion of the committees was to limit maximum limited pressure to
105-hPa or 30 hPa more than the maximum working pressure, whichever is less

Subclause 201.12.4.105 — High airway pressure alarm condition and protection device

e)

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.

Patient cough
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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
appropriate to transition to exhalation, as this would assist the forced expiration and clearance
of foreign material. However, the volume of air ejected has come from the lungs, and the normal
operation of the ventilator expiratory phase control of pressure would be sufficient to restoye
pressurg to a value close to set BAP, within the normal exhalation period. There is no clinicpl
reason tp open a pressure-relief valve.

Patient forced expiration

In some[cases, a patient can make a forced expiratory effort during the ventilater inflation phas
resulting in a pressure increase at the patient-connection port. As this is d(patient-generatdad
pressurg, the same rationale applied to cough would apply to this scena¥%io, and transition fo
exhalatipn phase is an appropriate and sufficient response. Even in the Worst-case scenario, thhe
exhaled |[volume would be unlikely to exceed twice the normal exhaled volume, and the tinje

required to reduce the pressure to set BAP would not significantly exceed one respiratory cycla.

*

Inappropriate volume for patient compliance

In a volume-control or volume-targeted ventilation-modeé; the pressure can exceed the hig
pressurg alarm limit due to reduced pulmonary compliance. In this scenario it would Hh
preferaljle to apply a pressure limitation (with a threshold less than the high pressure alar
limit). However in the absence of this function, thetappropriate action would be to transition {
the exhdlation phase. As the inspiratory volumé<is not increased, there is no reason why th
normal ¢peration of the ventilator in the expiratory phase would not reduce the airway pressutre
to set BAP within one respiratory cycle.

® O S ® =

Inspiratpry limb occlusion

In this sfngle fault condition, the-patient is not subject to the high pressure. Ventilators that do
not incofporate a pressure-menjtoring line from the patient-connection port might be unable to
differentiate this from a highyairway pressure state. Because the patient is not subjected to the
high airway pressure, an obstruction alarm condition is not considered necessary.

Expiratdry limb, breathing system filter or expiratory valve occlusion

For modt software-controlled ventilators, this only results in a high airway pressure alarm
conditionp if it 6ccurs during the expiratory phase, as when the exhalation valve remains closqd
during vientilator 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 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
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reduced to the set BAP or atmospheric pressure within no more than two respiratory cycles or
15s.

Flow delivery ‘fails open’

In single fault conditions such as a mechanical failure of a pressure regulator or a flow 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
t C }Jl coSuUlI T lClllaillb abuvc thU hish Ml.l VVM_y [Jl coourc Ml’ul L l’llllll't (fUl CAalll}J}C bCLCl se Of a
cqtastrophic flow valve failure) it can then be appropriate to also open some form pf\pressure-
reglief valve to divert the outlet flow and restore the patient-connection port te.atmpspheric
pressure.

)]
Afmospheric pressure

In normal condition, termination of ventilator inspiration, and the normal action of the exjpiratory
valve, allows pressure to be relieved to PEEP within one respiratory cycle without loss of control
of PEEP. Normal condition would include any patient-generated effect. However, if there is a
sipgle fault condition, such as an obstruction of the breathing circuit or a flow delivery faylt, other
means can be required to reduce the pressure, and in_this scenario, it is not expected|that the
véntilator is able to maintain control of PEEP.

S¢t BAP level

Ap noted above, the worst-case time required to reduce the airway pressure to a value less than
or equal to set BAP is two respiratory cycles. To account for the possibility that the mdndatory
Ruite has been set to a value significantly less than the patient’s normal resting breathing|rate, the
committees have limited the recoverytime to a maximum of 15 s. This reflects literature that
sIows typical breathing rates in adults(26], including geriatric populations(27], that are rarely less
than 10 breaths/min, and henc€ would require no more than 12 s for two respiratory cytles.

Subclause 201.12.4.106 —==-Expiratory end-tidal CO, monitoring equipment

The monitoring of expiratory end-tidal CO is employed clinically as a surrogate for art¢rial CO-
tgnsion. It therefore provides an alternative to monitoring expired tidal volume in assegsing the
aflequacy 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 resulf in end-
tidal CO, menitored values that remain within the clinically acceptable range as the patient tidal
velume isaeduced below the level of physiologic dead space. The committee did not beljeve that
sdfety could be ensured by monitoring of end-tidal CO; unless monitoring inspiratory vplume 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.

Subclause 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.
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b)

Disruption of the gas flow pathway between the patient and the ventilator independent of the
root cause 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 in use, might lead to pressure loss. This can consequentially lead to the inability to build
up a VBS pressure sufficient to ventilate the patient, which in further consequence might lead to
serious irreversible injury or the death of a ventilator-dependent patient.

c)

Operatidn of an EMS ventilator without an operator-detachable breathing system filter in_place |is
consideijed reasonably foreseeable when considering those parts of the VBS that might beconje
contamihated with body fluids or by contaminates carried by expired gases. If an EMS,Vventilator
can opetjate without the breathing system filter, then one has to assume that it has been operatgd
without|the breathing system filter and therefore those parts of the VBS might have begn
contamipated. Additional information is found in the rationale for 201.11.6.6.

d)

Operatidn of a ventilator using an operator-detachable remote control or monitoring module |s
considened as a state-of-the-art option today. Independent how the*communication between tH
“ventilajor module” and the remote control or monitoring module is facilitated (e.g. wired

wireless|) this communication needs be so designed and constructed that a failure or loss of th
communication does cause an unacceptable risk to the patient. Further this communication (e.
between|the “ventilator module”, the remote control or monitoring module, the distributed alar
system dr a simple remote alarm signal communicator) also needs designed to be single fau
condition safe.

NIRRT

Subclause 201.13.103 — Independence of-ventilation control function and related risk
control measures

This requirement prevents the use of 4 ntonitoring device to control an actuator that would ledd
to an unfletected malfunction of the actuator in case of monitoring failure.

Subclaujse 201.15.3.5.101 — Additional requirements for rough handling

An EMS pentilator is intended to operate while the patient is being transported and is expectgd
to maintfain basic safety-and essential performance while it is being moved. Some degradation |is
permittgd, but the patient is expected to continue to be adequately and safely ventilate
Rationale for 202,8<17101 contains additional information regarding appropriate acceptange
criteria for essential performance.

E_L.

The committees recognized that during environmental stress (for example, vibration associatdd
with trahSport in a moving vehicle) ventilator performance can degrade. In such a situation, the
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 10651-3111 and EN 794-312], currently applicable to EMS ventilators; to the vibration levels
given in IEC 60601-1-11 for the home healthcare environment. The committees also investigated
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-
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810GI3¢l. In all cases, the vibration levels are significantly lower than those specified in
[EC 60601-1-12. Table AA.3 compares these requirements.

Table AA.3 — Comparison of vibration requirements

Frequency Vibration
Document coverage Vibration profile amplitude
Hz 8rms
IS0 10651-3 10-500 10 Hz - 200 Hz 0,01 g2/Hz 1,7
200 Hz - 500 Hz 0,003 g2/Hz
KN 794-3 10-500 10 Hz - 200 Hz 0,01 g2/Hz 1,7
200 Hz - 500 Hz 0,003 g2/Hz
JEC 60601-1-11 10-2000 10 Hz - 100 Hz 0,1 gz/Hz 10,3
100 Hz - 200 Hz -3dB / octave
200Hz-2000Hz 0,05 g?/Hz
JEC 60601-1-12 10-2 000 10 Hz-100 Hz 0,5 gz/Hz 16,0
100 Hz - 200 Hz -7dB / octave
200Hz-2000Hz 0,1 g2/HZ

The committees took regard to statements by manufacturers that state-of-the-art h
véntilators are able to pass the testing mandated by ISO'80601-2-72, using vibration
defined in IEC 60601-1-11; but that no manufacturer, Was able to confirm that a ventilat
operate and provide essential performance at the vibration levels stated in IEC 60601
particular, at frequencies below 100 Hz, that would be expected to transmit to the pat
tgst levels in IEC 60601-1-12 are five times greater than in any of the other sources.

Whereas the shock, drop and electromagnetic compatibility for ME equipment for
environment largely relate to use at an jncident scene, operating vibration is primarily a
of motorized transport, and the requirements in a moving ambulance are not deemj
significantly different from those.for a home healthcare environment ventilator being
car, truck or other motorized vehicle. Accordingly, we have adopted the vibration prof
IHC 60601-1-11 for operational vibration testing.

Subclause 201.15.102(="Delivered oxygen concentration
EMS ventilators arecnotmally supplied only by one type of supply gas, generally oxygen.

EMS ventilators have requirements regarding weight, size, handling, robustness and co
rgsult, an EMS.ventilator typically is not equipped with accurate oxygen blender functio

NevertheleSs, an EMS ventilator is required to provide at least one additional adjustablg
concentration with the following intentions.
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the patient. A reduction of the inspiratory oxygen concentration to approximately 60 %

reduces the risk of toxicity significantly.

via a gas-mixing function.

The operating time of EMS ventilator supplied via gas cylinders can be substantially extended

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

entrained from the atmosphere.
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Because of the physical characteristic of the venturi principle, the oxygen concentration depends

significa

ntly on the inspiratory flow and the mean airway pressure.

Figure AA.2 shows the typical dependency of the resulting inspiratory oxygen concentration from
the inspiratory flow at a mean airway pressure of e.g. 30 hPa.
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AA.2 — Entrainment oxygen concentration as a function of flow at 30 hPa pressur

only a limited working range in which the oxygen concentration is on the desire
level.

flowrate, the venturi is not-able to intake sufficient air to achieve the desired oxygd
ation. At high flowrates, the performance limit of the venturi is reached. In both case|
ratory oxygen concentration can rise significantly. Figure AA.2 and Figure AA.3 illustra
Ct.
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Subclause 201.101.1 — Protection against reverse'gas leakage

system from contamination via reverse flow.

The basic requirements of this subclause-were introduced into standards more than a de

wlith medical devices that use multiple gas sources.

With devices fitted with multiple-gas intake ports for the same gas, the hazardous situatio

friom another source. The/contamination hazard is particularly likely to occur while the
device is left in a condition where it is connected to the gas supplies but is not drawing fl
the gas supply system.

reduired in an emergency.

jgure AA.3 — Entrainment oxygen concentration as a function of flow at 60 hPa pressure

These conditions are necessary to maintain patiént safety by protecting the medical gas|pipeline

rade ago

because of the harm due to reverse gas-leakage that was known to have occurred in connection

n results

frlom the undetected loss of'‘backup gas supplies due to back leakage into the primary supply.
With gas intake ports for(different gasses, the hazard is contamination of one gas sourde by gas

medical
pw from

Ventilators arefrequently equipped with multiple gas intake ports either to achieve a grejter flow
or to use alacal backup supply (e.g. a gas cylinder, in parallel with a medical gas pipeling systems
‘SA:Ilpply). With such systems, the backup supply could be depleted prematurely during use or,

hen connected but not in use, could deplete without detection and not be available when

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 10 y of experience has demonstrated that these requirements are effective risk control

measures.
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Subclause 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 compatibility[37] and pressure regulators require input
filtering that prevents particles greater than 100 pm from entering.

Despite of these requirements in the Fn]]n\/\ring cases pnrtir‘]pc with ]:n'gpr sizes could occur:

— partjcles collected in high-pressure input ports and port connectors;
— hightpressure input ports of ventilators while disconnected; or

— malfunction of the medical gas pipeline system, medical air compressors, oxyggn
condentrators or filters.

Depending on the design of a specific ventilator (e.g. in case that particletsensitive sensors are
used) significantly smaller filter sizes than 100 um can be required.

Subclau[e 201.101.3.1 — General

Non-standard VBS connectors can represent an unacceptable #isk as attempts are made to fit|a
standard VBS to an EMS ventilator in an emergency situation:Non-standard VBS connectors c3gn
cause leaks if used with similar but not compatible connectors.

Subclaujse 201.101.3.2.4 — Accessory port

The use|of Luer taper or Luer-lock connectors-conforming with 1SO 594-1138], [SO 594-239 ¢r
ISO 8036$9-714%] are not permitted for use in a VBS as there are several case reports of accidenth
connection with intravenous fluids and parenteral and enteral feeding solutions causing serioys
morbidify and mortality due to aspiration(of these foreign substances into the lungs.

—

Subclaujse 201.102.1 — General

Itis the tesponsibility of the manufacturer of a ventilator breathing system, its parts or accessoriges
to verifyl that their product conforms with the requirements of this document.

Subclaujse 201.102.4 ——"Water vapour management

Water management refers to the complete process by which moisture, in the form of watér
vapour, s added-te"the breathing gas delivered to the patient’s lungs and the process by whic¢h
humidified breathing gas is conducted back to the ventilator’s expiratory system and exhaustgd
into the roomytntrinsic to this process is the necessity to remove bulk water due to condensatign
of moisture attrlbutable to pressure and temperature changes in the VBS. Even if breathlng gas
reaches ' X

directed back to the ventilator will contain some moisture. Water management 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 or 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 bypasses 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
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secretions and likely increased airway resistance or worse. A balanced approach to

humidification is needed to maintain healthy cilia. Liquefied mucus can be readily aspirat
a suction catheter.

ed using

Optimal humidification of the patient’s airways results from an understanding of the physics of
the techniques chosen to add water vapour to the inspiratory gas stream. Depending on the
system selected for delivering humidified breathing gas to the patient (for example, active vapour
humidifier with or without heated wires, conventional HME or active HME), condensate can

accumulate in the inspiratory limb of the VBS. If condensation occurs, the VBS will need to
amethod by which the liquid can be removed.

In all but the most unusual circumstances, gas leaving the alveoli is saturated at37)°C.
o¢curs as the moist gas cools and moves toward the patient-connection port, and’is cg
back to the ventilator. If an HME is fitted at the patient-connection port, approXimately
70 % of the water vapour will be trapped in the HME. Whatever the configuratio
expiratory limb of the VBS, the water vapour content of the exhaled gas will be significant
sdturation. Without heated wires, the returning gas cools, causing sigmificant condensati
the inspiratory limb, this liquid needs to be removed. The presence of heated wire
expiratory limb lessens or eliminates condensation before the expired gas enters the gd
port of the ventilator, but from this point to the exhaust port the'gds tends to cool further,
moisture will condense. The VBS needs to include some(Cmeans to manage this ag
condensed water.

Subclause 201.102.4.1 — Humidification system

Ap EMS ventilator is rarely used with active humidification due to the short-term usag
trlansport. Normally, an HME is used.

Subclause 201.102.6 — Leakage from complete VBS

Apsuming that the leakage flow can.be’modelled as if an ideal orifice were producing it,
ldakage flowrate, Qe, would follow Formula (AA.4).

Qeak = Gx~[P (AA.
where

G isthe orificeconductance and

P is the dfiving pressure.

Uking the leakage limits from ISO 80601-2-12:2020 and Formula (AA.4), the orifice cong
Gl can be-ealculated for each of the inspiratory volume ranges. For example, the leakage
inspiratory volumes 2300 ml is 200 ml/min at a pressure of 50 cmH20, which yields a va

provide

Rainout
nducted
50 % to
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nearing
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IS return
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of 28,28 ml/(min-hPal/z). Conductance values for the other inspiratory volume range

5 can be

simllarly calculated. Table AA.1 summarizes these results.
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Table AA.1 — Calculated conductance values by inspiratory volume range

Inspiratory volume

Leakage limit from

Pressure, P

Calculated

range ISO 80601-2-12 conductance, G
hPa
ml ml/min (cmH:z0) ml/(min-hPal/2)
Vinsp < 50 50 20 11.18
50 = Vinsp 2 300 100 40 15,81
Vigsp = 300 200 50 28,28

Using these calculated conductance values, it is then possible to find the corresponding VRS
leakage |imit at any pressure. Figure AA.4 demonstrates these relationships.

Using Figure AA.4, one can derive the 60 hPa (60 cmH;0) VBS leakage flowratedimits. This is the
pressurg at which most of the operator-accessible parts of the VBS are specified at for leakage

flowrate]

— fOI' I’insp S 50 ml, Qleak = 87 ml/mln

— for Winsp 2 300 ml, Qleak = 219 ml/min

These lepkage flowrate limits represent the permissible leakage of the entire VBS. It is comman
to allocate 90 % of the leakage flowrate to the operater~accessible parts of the VBS and 10 % fo
the parts$ of the VBS internal to the ventilator.
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leakage limit from ISO 80601-2-12 for Vinsp < 50 ml
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leakage limit from ISO 80601-2-12 for Vinsp = 300l

4 leakage limit from ISO 80601-2-13[4]

A (blue) - Qreak for Vinsp < 50 ml

B (red) - Queak for 50 ml = Vinsp = 300 ml

(green) - Qteak for Vinsp 2 300 ml

NPTE 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 80601-2-1314

Subclause 201.104 — Indication of duration of operation

EMS ventilatofs require maintenance for continued safe use. A practicable means to engure that
this information is available to the operator or the responsible organization is to require|that the
EMS veritilator keep track of how long it has been in operation.

Subclause 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 directive to provide electronic health records by 2015[4l. 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 ASTM F2761-091421,
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Subclause 201.105.3 — Connection to a distributed alarm system

See rationale for 208.6.2.2.1.

Subclause 201.107 — Timed ventilatory pause

Pausing mechanical ventilation is necessary for certain clinical procedures.

EXAMPLE Permitting defibrillator ECG analysis with a deflated lung, measuring respirophasic blood pressure
variation, turning the patient.

Currently, in order to avoid nuisance alarm signals and to avoid cycling the ventilator while the
VBS is disconnected from the patient, operators usually turn off the ventilator and thereby-incur
the risk pf undetected prolonged apnoea by subsequently forgetting to turn the ventilator ba¢k
on.

In addit]on, there are situations where, to permit the minimum disruption ofyventilation, the
initiatioh of the ventilatory pause needs to come from external equipment(This is particularly
important for those procedures (e.g. when manual synchronization would be’less effective)[43l.

As part pf the risk management process, special attention should be\paid to ensuring that the
patient’'y lungs remains adequately ventilated when either extermally generated or repetitiye
ventilatgry pauses occur.

The expiratory pause should be capable of being provided.with such a functional connection In
accordaLce with ASTM F2761-091421,

Subclaujse 202.4.3.1 — Compliance criteria

It is not|the intent of the committees to requiresthat the immunity tests be performed multip|e
times (¢.g. with volume-control inflation-type and pressure-control inflation-type at severpl
inspiratary volumes), but that the manufacturer should determine which inflation-type and
inspiratary volume represents the worst-cdse condition for a given immunity test and use thoge
conditiops.

Subclaujse 202.8.1.101 — Additional general requirements

>

The conmmittees recognized~that during environmental stress (for example, shock, vibratio
electromagnetic disturbafees) ventilator performance can degrade. In such a situation, th
duration of altered performance would be about minutes to, at most, a few tens of minutes. Sho¢
and drop disturbances\ean be even shorter (i.e.less than 100 ms). The question then became ho
to expregs the percent change in pressure and volume performance that would not cause har
to a patjent duting a brief interval of environmental stress. In today’s environment of Lur
Protectiye Ventilation (LPV) in which according to clinical research, caution should be exercise
when totallung pressures and inflation volumes encroach on pressures of 35 cmH;0 and volumg¢

of 12 mllfkg respectively. The committees examined various scenariosin which pressures ax
volumes exceed the above values. High-side deviations in the range of 5 % to 10 % offer little
relief because the error of the monitoring falls in this same range. The issue, therefore, is what

higher deviation is acceptable. The committees considered two situations:

Q0 S = ®x ®

B
7]

o

a) an average of 25 % over a one minute interval; and
b) a single inflation deviation of 35 %.
With respect to a total lung pressure of 35 cmH,0 and tidal volume of 12 ml/kg, the average

values equal 43,8 cmH;0 and 15 ml/kg, respectively. Given that the maximum duration of few
tens of minutes (i.e., <30 min) a patient would be expected to tolerate these pressure and volume
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