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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work. ISO
collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
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dlitorial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

ne procedures used to develop this document and those intended for its further mainten
pscribed in the ISO/IEC Directives, Part 1. In particular, the different approval criteria . neede
fferent types of ISO documents should be noted. This document was drafted in aceordance

[tention is drawn to the possibility that some of the elements of this document may be the s
htent rights. ISO shall not be held responsible for identifying any or all suchipatent rights. Deta

e ISO list of patent declarations received (see www.iso.org/patents).

ny trade name used in this document is information given for the convenience of users and
nstitute an endorsement.

r an explanation of the voluntary nature of standards, the meaning of ISO specific te
(pressions related to conformity assessment, as well asinformation about ISO's adherence to t
rade Organization (WTO) principles in the€ Technical Barriers to Trade (T
ww.iso.org/iso/foreword.html.
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his document was prepared by Technical Committee ISO/TC 121, Anaesthetic and r¢
uipment, Subcommittee SC 3, Respiratory devices and related equipment used for patient
pchnical Committee IEC/TC 62, Electrical equipment in medical practice, Subcommittee SC 621
juipment, in collaboration with-‘the European Committee for Standardization (CEN) 1]
pmmittee CEN/TC 215, Respiratory and anaesthetic equipment, in accordance with the Agree
chnical cooperation betweenSO and CEN (Vienna Agreement).

his second edition cancels and replaces the first edition (ISO 80601-2-12:2011), which
chnically revised. It-also incorporates the Technical Corrigendum ISO 80601-2-12:2011/Co
e main changescompared to the previous edition are as follows:

alignment. with IEC 60601-1:2005+AMD1:2012, IEC 60601-1-8:2006+AMD1:2(
60604-1-2:2014 and IEC 60601-1-6:2010+AMD1:2013.

determination of probability of component failure during the expected service life;

ance are

d for the
with the

ubject of
ils of any

htent rights identified during the development of the document will betinthe Introduction and/or on

does not

rms and
he World
BT) see

spiratory
care and
, Electric
[echnical
bment on

has been
r 1:2011.

12, IEC

— detivered gas MaximuIn enthatpy TeqUiTement;

— new test protocol for internal electrical power source operation time;

— performance test and disclosure requirements for other inflation-types;

— additional protections against hazardous outputs;

— clarification of performance requirements during abnormals testing;

— consideration of input gas of Oxygen 93 %; and

— harmonization of terminology with ISO 19223, where appropriate.
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Alistof all partsin the ISO 80601 series and the IEC 80601 series can be found on the ISO website.

Any feedback or questions on this document should be directed to the user’s national standards
body. A complete listing of these bodies can be found at www.iso.org/members.html.
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Introduction

In this document, the following print types are used:

— Requirements and definitions: roman type;

— Instructions, test specifications and terms defined in Clause 3 of the general standard, in this

document or as noted: italic type;

—f Informative material appearing outside of tables, such as notes, examples and references: 1
type. Normative text of tables is also in a smaller type.
In] referring to the structure of this document, the term

— “clause” means one of the four numbered divisions within the table of\Contents, inc
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 201.1
subclauses of Clause 201).

References to clauses within this document are preceded‘by the term “Clause” followe
clause number. References to subclauses within this document are by number only.

I} this document, the conjunctive “or” is used as,an “inclusive or” so a statement is try
co¢mbination of the conditions is true.

For the purposes of this document, the auxiliary verb

— “shall” means that conformancewith a requirement or a test is mandatory for conf
with this document,

— “should” means that conformance with a requirement or a test is recommended b
mandatory for conformance with this document;

— “may” is used to describe permission (e.g. a permissible way to achieve conformangd
requirement Qrtest),

— "can" is useéd to describe a possibility or capability, and

— "must™Is used to express an external constraint.

h smaller

Jusive of

2 are all

d by the

e if any

prmance

ut is not

e with a

Apnex 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.
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Medical electrical equipment — Part 2-12: Particular
requirements for basic safety and essential performance of

C

2

R

T

A
u

ritical care ventilators

01.1 _ Scope, object and related standards

ause 1 of the general standard applies, except as follows:

DTE ~ The general standard is [EC 60601-1:2005+AMD1:2012.

D1.1.1 * Scope

eplacement:

his document applies to the basic safety and essential perforpiance of a ventilator in com

wlith its accessories, hereafter referred to as ME equipment;

- intended for use in an environment that provides specialized care for patient
conditions can be life-threatening and who canyrequire comprehensive care and
monitoring in a professional healthcare facility;

NOTE 1 For the purposes of this document, such an environment is referred to as a critical care eny
Ventilators for this environment are considered life-sustaining.

NOTE 2 For the purposes of this document, such a ventilator can provide transport within a p
healthcare facility (i.e. be a transit-operable ventilator).

NOTE 3 A critical care ventilator intended for use in transport within a professional healthcare fad
considered as an emergericy)medical services environment ventilator.

- intended to be pperated by a healthcare professional operator; and

- intended farythose patients who need differing levels of support from artificial ve
includingfor ventilator-dependent patients.

critieal care ventilator is not considered to utilize a physiologic closed-loop-contrd
nleSs it uses a physiological patient variable to adjust the ventilation therapy settings.

bination

s whose
constant

ironment.

ofessional

ility is not

ntilation

| system

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

NOTE 4

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.

©
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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 5

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

This document is not applicable to ME equipment or an ME system operating in a ventilator-

operational mode solely intended for patients who are not dependent on artificial ventilation.

NOTE 6

sustaining

This dofument is not applicable to ME equipment that is intended solely to augment the

ventilation of spontaneously breathing patients within a professional healthcare facility.

This doqument does not specify the requirements for:

— ventflators or accessories intended for anaesthetic applications,) which are given [n
ISO 80601-2-1312];

— ventflators or accessories intended for the emergency medicakservices environment, which are
giveh in ISO 80601-2-8413], the future replacement for ISO;10651-3[4];

— ventjlators or accessories intended for ventilator-dependent patients in the home healthcate
envifonment, which are given in ISO 80601-2-72:2025051;

— ventflators or accessories intended for homeseare ventilatory support devices, which are
given in ISO 80601-2-79:2018[6] and ISO 80601-2-80:2018171%;

— obstyructive sleep apnoea therapy ME equipment, which are given in ISO 80601-2-7009;

— contfnuous positive airway pressure(CPAP) ME equipment;

— hightfrequency jet ventilators (HF]JVs) and high-frequency oscillatory ventilators (HFOVY),
whigh are given in ISO 80601-2-87163];

NOTE 7 A critical care ventilator can incorporate high-frequency jet or high-frequency oscillatory ventilatqr-

operationgl modes.

— oxygden therdpy constant flow ME equipment; and

— cuirgass’er“iron-lung” ventilation equipment.

201.1.2 Object

Replacement:

The object of this document is to establish basic safety and essential performance requirements

for a ven

tilator and its accessories.

11S0 80601-2-79 and 1SO 80601-2-80 replace ISO 10651-6, which has been withdrawn.

© IS0 2020 - All rights reserved
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Accessories are included because the combination of the ventilator and the accessories needs to
be adequately safe. Accessories can have a significant impact on the basic safety or essential
performance of a ventilator.

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

NOTE 2 This document has been prepared to address the relevant general safety and performance requirements
of European regulation (EU) 2017/745 as indicated in Annex DD.

201.1.3 Collateral standards

Amendment (add after existing text):

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

IHC 60601-1-2, IEC 60601-1-6 and IEC 60601-1-8 apply as modified in Clauses 202, 206{and 208
rgspectively. IEC 60601-1-3012], IEC 60601-1-9113], [EC 60601-1-11 and IEC 60601-1-12 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 standdrds may modify, replace or delete requirements
contained in the general standard, including the collateral standards, as appropriatg for the
particular ME equipment under consideration, and may add other basic safety or pssential
performance requirements.

Alrequirement of a particular. standard takes priority over IEC 60601-1:2005 or the cpllateral
stlandards.

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

The numbering ef clauses and subclauses of this document corresponds to those of thg general
sttandard with'the prefix “201” (e.g. 201.1 in this document addresses the content of Clause 1 of
the general’standard) or applicable collateral standard with the prefix “2xx” where xx is|the final
digits of-the collateral standard document number (e.g. 202.4 in this document addresses the
pptent of Clause 4 of the IEC 60601-1-2 collateral standard, 208.4 in this document agldresses
e-€ontento e—4-of-the 660 B-coHate el e he-change He text of

O O aY 0 6060 8-€0 crares - A O

the general standard are specified by the use of the following words:

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

“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.

“Amendment” means that the clause or subclause of IEC 60601-1:2005+AMD1:2012 or the
applicable collateral standard is amended as indicated by the text of this document.
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Subclauses, figures or tables that are additional to those of the general standard are numbered
starting from 201.101. However, due to the fact that definitions in the general standard are
numbered 3.1 through 3.147, additional definitions in this document are numbered beginning
from 201.3.201. Additional annexes are lettered AA, BB, etc., and additional items aa), bb), etc.

Subclauses or figures that are additional to those of a collateral standard are numbered starting
from 20x, where “x” is the number of the collateral standard, e.g. 202 for [EC 60601-1-2, 203 for
[EC 60601-1-3[12], etc.

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

Where there is no corresponding clause or subclause in this document, the clause or.stibclauge
of IEC 6P0601-1:2005+AMD1:2012 or the applicable collateral standard, although |possibly not
relevant] applies without modification; where it is intended that- ‘any part of
IEC 606(01-1:2005+AMD1:2012 or the applicable collateral standard, although(possibly relevan
is not to|be applied, a statement to that effect is given in this particular document.

=

)

201.2 | Normative references

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

[72)

Clause 2|of the general standard applies, except-agfollows:

Replacement:

ISO 7000, Graphical symbols for use on\equipment — Registered symbols

ISO 7010:2019, Graphical symbols)— Safety colours and safety signs — Registered safety signs

ISO 15223-1:2016, Medical.devices — Symbols to be used with medical device labels, labelling and
information to be supplied~— Part 1: General requirements

[EC 60601-1-2:2014, Medical electrical equipment — Part 1-2: General requirements for basjc
safety dnd esséntial performance — Collateral Standard: Electromagnetic disturbances 1—
Requirements-and tests

IEC 606 : A :
for basic safety and essential performance — Collateral Standard: Usability

IEC 60601-1-8:2006+AMD1:2012, Medical electrical equipment — Part 1-8: General requirements
for basic safety and essential performance — Collateral Standard: General requirements, tests and
guidance for alarm systems in medical electrical equipment and medical electrical systems

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

IEC 62304:2006+AMD1:2015, Medical device software — Software life cycle processes
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Addition:

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

plane

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

equipment

10 5356-1:2015, Anaesthetic and respiratory equipment — Conical connectors — Pdtt
and sockets

[l
V)

§0 5359:2014, Anaesthetic and respiratory equipment — Low-pressure hose ‘asSemblie
wiith medical gases

[§0 5367:2014, Anaesthetic and respiratory equipment — Breathing séts-and connectors

[§0 7396-1:2016, Medical gas pipeline systems — Part 1: Pipeline-systems for compressed
glises and vacuum

10 8836:2014, Suction catheters for use in the respiratory tract
[0 9000:2015, Quality management systems — Fuitdamentals and vocabulary

[§0 9360-1:2000, Anaesthetic and respiratory.equipment — Heat and moisture exchanger.
fdr humidifying respired gases in humans.—<,Part 1: HMEs for use with minimum tidal vo
250 ml

10 9360-2:2001, Anaesthetic and respiratory equipment — Heat and moisture exchanger.
fdr humidifying respired gases in humans — Part 2: HMEs for use with tracheostomized
hqving minimum tidal volumes of 250 ml

10 14937:2009, Sterilization of health care products— General requireme
characterization of d sterilizing agent and the development, validation and routine con
stlerilization processfor medical devices

[l

0 16142-1220616, Medical devices — Recognized essential principles of safety and perfor
medical devices — Part 1: General essential principles and additional specific essential p
fdr all nen-1VD medical devices and guidance on the selection of standards

1: Cones

5 for use

medical

5 (HMEs)
lumes of

5 (HMEs)
patients

nts for
trol of a

mance of
rinciples

[19027510:2015, Medical devices — Sleep apnoea breathing therapy — Masks and ap

plication

accessories

ISO 17664:2017, Processing of health care products — Information to be provided by the medical

device manufacturer for the processing of medical devices

ISO 18562-1:2017, Biocompatibility evaluation of breathing gas pathways in healthcare

applications — Part 1: Evaluation and testing within a risk management process

IS0 19223:2019, Lung ventilators and related equipment — Vocabulary and semantics
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ISO 23328-1:2003, Breathing system filters for anaesthetic and respiratory use — Part 1: Salt test
method to assess filtration performance

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

ISO 80369-1:2018, Small-bore connectors for liquids and gases in healthcare applications — Part
1: General requirements

ISO 806(')1-2-55:2018, Medical electrical equipment — Part 2-55: Particular requirements for the
basic saflety and essential performance of respiratory gas monitors

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

[EC 60068-2-27:2008, Environmental testing — Part 2-27: Tests — Test Ea attd-guidance: Shock

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

IEC 60068-2-64:2008, Environmental testing — Part 2-64: Tests >— Test Fh: Vibration, broadband
random pnd guidance

IEC 60529:1989+AMD1:1999+AMD2:2013, Degrees of protection provided by enclosures (IP Codg

<

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

IEC 60601-1-10:2007, Medical electrical equipment — Part 1-10: General requirements for basjc
safety and essential performance — Collateral Standard: Requirements for the development pf
physiologic closed-loop controllers

IEC 60601-1-11:2015, Medical electrical equipment — Part 1-11: General requirements for basjc
safety aphd essential performance — Collateral Standard: Requirements for medical electricpl
equipmept and medical electrical systems used in the home healthcare environment

IEC 60601-1-12:2014;-Medical electrical equipment — Part 1-12: General requirements for basjc
safety aphd essentidl performance — Collateral Standard: Requirements for medical electricpl
equipmepnt and-niedical electrical systems intended for use in the emergency medical services
environment

IEC 60601-2-2:2017, Medical electrical equipment — Part 2-2: Particular requirements for the
basic safety and essential performance of high frequency surgical equipment and high frequency
surgical accessories

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

IEC 62570:2014, Standard practice for marking medical devices and other items for safety in the
magnetic resonance environment
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201.3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 7010:2019, ISO 7396-
1:2016, 1SO 8836:2014, 1SO 9000:2015, IS0 9360-1:2000, 1SO 16142-1:2016, 1SO 17510:2015,

ISO 17664:2017, [SO 18562-1:2017, ISO 19223:2019, ISO 23328-2:2002,
IEC 60601-1:2005+AMD1:2012, IEC 60601-1-2:2014, IEC 60601-1-6:2010,
[EC 60601-1-8:2006+AMD1:2012, IEC 60601-1-10:2007, IEC 60601-1-11:2015, IEC 60601-1-
12:2014, IEC 60601-2-2:2017, IEC 62304:2006+AMD1:2015, [IEC 62366-1:2015,

[SO 80601-2-74:2017 and the following apply.

[I§O and IEC maintain terminological databases for use in standardization at_the’ fpllowing
agldresses:

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

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

NPTE An alphabetized index of defined terms is found Annex EE.

2p1.3.201

emergency intake port
dedicated gas intake port through which ambient airdssdrawn when the supply of fresh gas is
insufficient or absent

[JOURCE: ISO 4135:2001114], 3.2.3, modified — R@moved "air" from term, replaced ‘may|be’ with

(r

i$’, added ‘gas’ and ‘or absent’ and deleted ‘and/or inflating gas’.]

2p1.3.202

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

[YJOURCE: ISO 4135:2001114,3.1.7, modified — Added ‘or accessory’ and replaced ‘must’ with ‘has
taq’.]

2p1.3.203
frlesh gas
rgspirable gasidelivered to a ventilator breathing system

[JOURCEXISO 4135:2001114], 3.1.8, modified — Added ‘ventilator’ and note to entry.]

Npte I to éntry: Fresh gas does not include the following:

] dir drawn fhrnngh the emergency intake port

— air drawn through leaks in the ventilator breathing system;

— gas exhaled by the patient.

201.3.204
gas intake port
port through which gas is drawn for use by the patient

[SOURCE: ISO 4135:2001014], 3.2.11, modified — Added "gas" to term, replaced ‘a ventilator or by
a patient’ with ‘for use by the patient’.]
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201.3.2

05

healthcare professional
appropriately trained, knowledgeable, and skilled, providing systematic preventive, curative,

promoti

onal or rehabilitative healthcare services to families or communities

Note 1 to entry: This term functions as an adjective.

201.3.2

06

high-pressure input port

input po|

[SOURC

201.3.2
minimu
PLIM min

lowest alirway pressure during normal use or under single fault condition

Note 1 to

201.3.2

monitoning equipment
ME equipment or part that continuously or continually measures and indicates the value of

variable

201.3.2
* profes

facility that is continually staffed by suitably trained healthcare professional operators

EXAMPLE Hospitals, physician offices, freestanding surgical centres, dental offices, freestanding birthil
centres, limited care facilities, first aid rooms orrescue rooms, multiple treatment facilities and emergency medid
services

201.3.210

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

201.3.2

ventilatqr-dependent
<patientp> dependent upon artificial ventilation in order to prevent serious deterioration

health o

: 1ISO 4135:20011241, 3.2.10.1, modified — Replaced ‘may be’ with ‘is’.]

D7
m limited pressure

bntry: The minimum limited pressure can be subatmospheric.

D8

to the operator

D9
kional healthcare facility

11

- déath

a

g
al

b f

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

EXAMPLE

unsuppor

ted respiratory effort being insufficient to sustain life.

Patients with Duchenne muscular dystrophy or other degenerative disease resulting in their
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201.4 General requirements

Clause 4 of the general standard applies, except as follows:

201.4.3 Essential performance

Addition:

2Pp1.4.3.101 * Additional requirements for essential performance

Afditional essential performance requirements are found in the subclauses 1
Thble 201.101.

2p1.4.4 Additional requirements for expected service life

Amendment (add as a second paragraph):

In the risk management file, the manufacturer shall:

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

bb) summarize the methodology used to determine this probability.

Table 201.101 — Distributed essential performance requirements

sted in

be taken

out of service during the expected service life assuming that the preventative ingpection,
maintenance and calibration are performed according to the accompanying documents; and

Requirement Subclause

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

set by the operator

or generation of anvalarm condition
oxygen level 201.12.4.101
airway-pressure 201.12.4.106
€02 level, if provided 201.12.4.104
disconnection 201.12.4.109
expired volume, if provided 201.12.4.103
internal electrical power source nears depletion 201.11.8.101
gas supply failure 201.13.2.102
obstruction 201.12.4.108
PEEP 201.12.4.107

2 Subclause 202.8.1.101 indicates methods of evaluating delivery of ventilation as acceptance
criteria following specific tests required by this document.
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201.4.6 * ME equipment or ME system parts that contact the patient
Amendment (add at end of subclause):

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

Addition:

201.4.1]1.101 * Additional requirements for pressurized gas input

201.4.11.101.1 Overpressure requirement

a) Aventilator with a pressurized gas input shall:

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

2) n¢t cause an unacceptable risk under the single fault condition 6f517000 kPa.

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

NOTE 1 Internal pressure regulators can be required to accommuodate the single fault condition of maximujm
inpuf pressure as well as the rated range of input pressure.

NOTE 2 Under the single fault condition of overpressurg, it is desirable for gas to continue to flow to the VAS.
Undér this condition, the flowrate from the ventilator.is/likely to be outside of its specification.

Check cdnformity by functional testing in normal use and under normal condition with the moft
adverse pperating settings, by functional\testing in single fault condition and inspection of the rigk
manageinent file.

201.4.11.101.2 Compatibility requirement

If the ventilator is intended to be connected to a medical gas pipeline system conforming with
ISO 7396-1:2016 then;

a) the fated range.of input pressure shall cover the range specified in ISO 7396-1:2016; and

b) undé¢r normal condition,

1) thémaximum input flowrate required by the ventilator for each gas shall not excedd
60 1/min averaged over 10 s at a pressure of 280 kPa, measured at the gas intake port;
and

2) any transient input flowrate shall not exceed 200 1/min averaged over 3 s,
or:
3) the accompanying documents shall disclose:

i) the maximum input flowrate required by the ventilator for each gas at a pressure of
280 kPa averaged over 10 s, measured at the gas intake port;

ii) the maximum transient input flowrate averaged for 3 s required by the ventilator for
each gas at a pressure of 280 kPa, measured at the gas intake port; and
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iii) a warning to the effect that this ventilator is a high-flow device and should only be
connected to a pipeline installation designed using a diversity factor that allows for
the indicated high flow at a specified number of terminal outlets, in order to avoid
exceeding the pipeline design flow, thereby minimising the risk that the ventilator
interferes with the operation of adjacent equipment.

Check conformity 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 under worst-case settings for set rate and tidal volume and worst-
cdse medical gas pipeline system conditions within the rated range for inlet pressure.

201.5 General requirements for testing of ME equipment
Clause 5 of the general standard applies, except as follows:

Afldition:

2P1.5.101 Additional requirements for general requirements for testing of|
ME equipment

201.5.101.1 Ventilator test conditions

a)] For testing, the 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 equivalentimedical
gas, as appropriate, unless othefwise stated.

b) When using substitute gases,\care should be taken to ensure that the test gases areg oil-free

and appropriately dry.

2P1.5.101.2 * Gas flowrate and leakage specifications
All requirements for'gas flowrate, volume and leakage in this document,

a) are expressed at STPD,

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

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

201.5.101.3 * Ventilator testing errors

a) Forthe purposes of this document, declared tolerances shall be adjusted by the measurement
uncertainty.

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

Check conformity by inspection of the instructions for use and the technical description.
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201.6 Classification of ME equipment and ME systems

Clause 6 of the general standard applies.

201.7 ME equipment identification, marking and documents

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

201.7.2

Replacern

The vent
for use”,

Addition}

201.7.2

a) Acce

b)

Check cq
adverse

201.7.2

a)

b)

c)
d)

1) fy

2)

If md
for y

All 1
mar

Such

b
basic safety or essential performance of\ the ventilator, if applicable. See algo
2

.3 * Consult accompanying documents

hent:

ilator shall be marked with the safety sign for the mandatory action: “followvinstructions
ISO 7010-M002 (see IEC 60601-1:2005/COR1:2006, Table D.2, Numbéry10).

.4.101 Additional requirements for accessories

ssories supplied separately shall:

Ifil the requirements of 201.102.1; and
e marked with an indication of any limitations or adverse effects of the accessory on the
D1.7.2.13.101, 201.7.2.17.101 and 201.7.27101.

irking the accessory is not practicable; this information may be placed in the instructions
se.

nformity by inspection, inSpection of the risk management file for any limitations ¢r
pffects of the accessory,.and where necessary, inspection of the instructions for use.

.13.101 Additional requirements for physiological effects

atural rubbet latex-containing components in the gas pathways or accessories shall e
ked as containing latex.

marKing shall be clearly legible.

Sym

bo1)5.4.5 from ISO 15223-1:2016, (Table 201.D.2.101, symbol 10) may be used.

The instructions for use shall disclose all natural rubber latex-containing components.

Check conformity by inspection.

201.7.2.17.101 Additional requirements for protective packaging

a) Packages containing breathing attachments intended for single use or for reuse shall have
clearly legible markings of the following

12

1) a description of the contents.
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2) an identification reference to the batch, type or serial number or symbols 5.1.5 (Table
201.D.2.101, symbol 7), 5.1.6 (Table 201.D.2.101, symbol 8) or 5.1.7 (Table 201.D.2.101,

symbol 9) from ISO 15223-1:2016.

3) the word “LATEX”, or symbol 5.4.5 from ISO 15223-1:2016 (Table 201.D.2.101, symbol

10), if containing natural rubber latex.

b) For a specific model or type reference, the indication of single use shall be consistent for the

model or type reference.

Check conformity by inspection.

2P1.7.2.18 External gas source
Amendment (add before the first dash):

aa) the gas name or chemical symbol in accordance with ISO 5359:20.14;

bb) the rated range of gas pressure;

c¢) for oxygen gas inputs, the rated range of oxygen conceéntration;

dd) gas-specific colour coding in accordance with 1SQ_32:1977, if colour coding is used.

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

NOTE Insome countries, other colour coding’is used.

Adldition:

2P1.7.2.101 * Additional requirements for marking on the outside of
ME equipment or ME equipment parts

a] The ME equipment, parts or accessories shall have clearly legible markings including
1) any special.storage, handling or operating instructions.
2) any watnings or precautions relevant to the immediate operation of the ventilato
3) am-arrow indicating the intended direction of gas flow:

i) for the gas output port; and

ttached to

ii) for the gas return port.

4) Symbol 0794 of ISO 7000 (Table 201.D.2.101, symbol 11) or Symbol 0795 of I
(Table 201.D.2.101, symbol 12) may be used.

S0 7000

b) Ifapplicable, operator-accessible ME equipment, parts or accessories shall have clearly legible

markings of the following

1) for a ventilator intended to be used in the magnetic resonance (MR) environment,

i) Symbol 7.3.1-1 (Table 201.D.2.101, symbol 14) or Symbol 7.3.1-2 (Table 201.D.2.101,

symbol 15) of IEC 62570 for an ‘MR Safe’ ventilator, or

© IS0 2020 - All rights reserved
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ii) Symbol 7.3.2 of IEC 62570 (Table 201.D.2.101, symbol 16) for an ‘MR Conditional’

2) an arrow indicating the direction of the flow for flow-direction-sensitive components that

ventilator, in accordance with IEC 62570:2014.

are operator-removable without the use of a tool.

3) an indication of the date after which ME equipment, part or accessory should not be used,
expressed as the year and month.

i) Symbol 5.1.4 of ISO 15223-1:2016 (Table 201.D.2.101, symbol 1) may be used.

4) a
E}

]

Check co

201.7.4

IEC 606

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

All gas v

aa) shal

bb) for t

201.7.9

Amendment (replace the first dash\with):

— Nam
— 1

—
]

to wi

warning not to obstruct the gas intake port.

(AMPLE  WARNING: Gas intake - Do not obstruct

) A symbol evaluated according to IEC 62366-1 as information for safety may |
utilized.

nformity by inspection.

.3 * Units of measurement

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

polume, flowrate and leakage specifications:

be expressed at STPD; except

hose associated with the VBS which.shall be expressed at BTPS.

.1 Additional general requirements

e or trade name and-address of
he manufacturer,and

where the manufacturer does not have an address within the locale, an authorize
epresentative within the locale,

hich the responsible organization can refer;

Addition:

201.7.9.2.1.101 Additional general requirements

The instructions for use shall disclose the following:

d

a) if the 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
ventilator, its parts or accessories would be reused; and

b) thei

14

ntended range of tidal volume.
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Check conformity by inspection.

201.7.9.2.2.101

The instructions for use shall include:

a)

* Additional requirements for warnings and safety notices

*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:

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

the equipment to overheat, thereby interfering with patient ventilation.

EXAMPLE 2 WARNING: Do not block the gas intake port or emergency intake port, thereby interf
patient ventilation.

*a warning statement to the effect of “Warning: Always have immediate acce
alternative means of ventilation, which is ready for use, in order t6-teduce the poss
patient death or serious deterioration of health.”

EXAMPLE 3  WARNING: Failure to have an alternative means of ventilation such as a self-inflating,
powered resuscitator (as specified in I1SO 10651-4:2002[151) with*mask can result in patient de
ventilator fails.

* a warning statement to the effect of “WARNING: Do hot add any attachments or acc
to the ventilator that contravene the instructionsfor use of the ventilator or accessof
ventilator might not function correctly, leading to the risk of patient death or
deterioration of health.”

*a warning statement to the .effect of “Warning: The ventilator shall not be u
hyperbaric chamber. Such use‘might cause the ventilator to not function correctly
patient death or serious deterioration of health.”

* a warning statementto the effect of “Warning: The ventilator shall not be used wi
oxide. Such use mightjcause the ventilator to not function correctly, causing patient
serious deteriordtion of health.”

* a warning-statement to the effect of “Warning: The ventilator shall not be used w
gases, whicl'are not specified for use (e.g. helium or mixtures with helium). Such u
cause theventilator to not function correctly, causing patient death or serious deter
of health.”

ering with

5S to an
ibility of

manually-
ath if the

essories
y, as the
serious

bed in a
causing

th nitric
death or

ith inlet
se might
ioration

* a warning statement to the effect of “Warning: The ventilator accuracy can be affi

ected by

h)
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*a warning statement to the effect of “Warning: It is the responsibility of the responsible
organization to ensure that the oxygen source is compatible with the rated range of pressure,
flowrate and oxygen concentration as marked on the ventilator and indicated in the
instructions for use as this can affect the performance of the ventilator that can consequently

result in patient death or serious deterioration of health.”

* a warning statement to the effect of “Warning: When using nebulisation or humidification,
breathing system filters and heat and moisture exchangers can require more frequent

replacement to prevent increased resistance and blockage.

© IS0 2020 - All rights reserved
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Check conformity by inspection.

201.7.9.2.8.101 * Additional requirements for start-up procedure

NOTE
ready for use.

A start-up procedure includes a pre-use functional test that is used to determine whether the ventilator is

a) The instructions for use shall disclose a method by which the following can be functionally
tested by the healthcare professional operator to determine if they are operating correctly:
1) the assembled VBS;

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

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

1) b¢ automatically performed by the ventilator; or

2) rgquire healthcare professional operator action.

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

Check canformity 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:

1) maximum limited pressure (Pyyy max);

2) iflprovided, the rated range to which the maximum working pressure (P, ...,) can be set,|if
adljustable;

3) the means by s#hich the maximum working pressure is accomplished;

EXAMPLECL Pressure cycling, pressure limiting, pressure generation.

4) alstatement that airway pressure can be subatmospheric during the expiratory phase for|a
ventilator that can generate subatmospheric pressure in the expiratory phase, if applicablg;

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

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

1) inspiratory gas pathway resistance,
2) expiratory gas pathway resistance, and
16 © IS0 2020 - All rights reserved
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3) VBS compliance.

i) These specifications may be presented in ranges.

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

NOTE Compliance and resistance can be non-linear. These characteristics might need to be specified over a
range (e.g.at 15 1/min, 30 I/min, 60 I/min and the maximum flowrate or the maximum pressure).

red-hisplayed

variables as disclosed in the instructions for use.

EXAMPLE 2 Acceptable range of water level in a humidifier.

EXAMPLE 3  Interval of calibration of a flow sensor.

d) an explanation of the meaning of the IP classification marked on the\ME equipment.
e] anindication as to whether the ventilator is intended for non;invasive ventilation.
EXAMPLE 4 This ventilator is intended for use with mask ventilation:

f)] any special storage, handling or operating instructions:

g] a cross reference between the manufacturer-spegific naming of the ventilator's vertilation-
modes and the ventilation-mode systematic coding scheme in Annex E of ISO 19223:2019.

Check conformity by inspection.

2P1.7.9.2.12 C(Cleaning, disinfection, and sterilization
Amendment: (add after normal use)
of in single fault condition

Amendment: (add after\bulleted list)

aa) The instructions for use shall identify which portions of the gas pathways thrqugh the
ventilator-can become contaminated with body fluids or by contaminates carried by expired
breathing'gases during both normal condition and single fault condition.

Addition:

201.7.9.2.14.101 * Additional requirements for accessories, supplementary
equipment, used material

a) The instructions for use of the ventilator shall include a statement to the effect that antistatic
or electrically conductive hoses or tubing are not to be used in the ventilator breathing
system.

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

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

© IS0 2020 - All rights reserved 17
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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 ventilator (additional requirements are found in 201.16).

Check conformity by inspection and inspection of the risk management file for any adverse effect of
any recommended accessory.

201.7.

description

Where the technical description is supplied as a separate document from the instructions for usk,
then the|instructions for use shall:

a) list the contents of the technical description; and

b) whefever appropriate, provide a cross reference to the additional information available |n
the lechnical description.

Check conformity by inspection.

201.7.9.3.1.101 * Additional general requirements
The technical description shall disclose:

a) *aspmmary description of the filtering or smoothing techniques for measured or computgd
varigbles that are displayed or used for contrfol necessary for the operator to form a mentpl
model of the operation of the ventilator;

b) a pneumatic diagram of the ventilater,including a diagram for operator-detachable parts pf
the yentilator breathing system either supplied or recommended in the instructions for usg;
and

c) asummary description of the“means of initiating and terminating the inflation phase in ea¢h
ventflation-mode of the yentilator.

If applicpble, the technical description shall disclose

d) the ¢ssential technical characteristics of each recommended breathing system filter.

EXAMPLE {>~Dead space and resistance.

Check comformity by inspectior.

201.7.9.3.101 Additional requirements for the technical description
The technical description shall disclose:

a) a description of a procedure for checking the function of the alarm system for each of the
alarm conditions specified in this document, if not performed automatically during start-up;
and

b) which checks are performed automatically.

18 © IS0 2020 - All rights reserved
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Check conformity by inspection of the technical description.

201.8 Protection against electrical hazards from ME equipment

Clause 8 of the general standard applies.

201.9 Protection against mechanical hazards of ME equipment and

A

cJ

€

ause 9 of the general standard applies, except as follows:

idition:

2p1.9.6.2.1.101 * Additional requirements for audible acoustic energy

Check conformity with the following test:

).V, & nd 4 o339
JL/ I M a_ya (A4 11D

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

1) measured in accordance with ISO 4871:1996 and SO 3744:2010 using engiineering

method grade 2; and
2) disclosed in the instructions for use.
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 formuse.

Place the ventilator on_the ‘sound-reflecting plane and attach the least favourable |
those indicated in the(instructions for use.

NOTE 1 The least fatourable VBS configuration can vary by ventilation-mode, inflation-type and flow |
applicable.

If a humidifier is provided with the ventilator, include the humidifier filled to {
favourable level in the test.

Configure the test lung with the compliance and resistance components whose vd
indicated in Table 201.102.

'BS from

battern, as

he least

lues are

g)

— 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 ventilator.

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

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

applicable, that generates ventilation as indicated in Table 201.102.

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

Using a microphone of the sound level meter, conforming with the requirements of type 1

instruments specified in 1EC 61672-1:2013, measure the maximum time-weighte

© IS0 2020 - All rights reserved
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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
ventilator in a free field over a reflecting plane as specified in 8.1.1 of 1ISO 3744:2010. Average
the values in conformance with 8.2.2 of 1SO 3744:2010.

* Table 201.102 — Test conditions for acoustic tests

Test condition

Adiustable parameter

For a ventilator intended t0 provide tidal volume

Viigar 2 300 ml

300 ml 2 Vtidal

Vedar S 50 ml

250 ml
Tidallvolume, Viiqa® 500 ml 150 ml 30 ml
Set rqte 10 min~! 20 min1 30.min"1
L:E rdtio 1:2 1:2 1:2
BAP 10 hPa (10 cmH:0) 10 hPa (10 cmH:0) 10 hPa (10 cmH:0)
Linedr resistance, RP[171118][19] 5hPa(l/s) 110 % 20 hPa(l/s) "1 +10 % 50 hPa(l/s) 110 %

Isothrmal Compliance, cb

50 mlhPa 1 +10 %

20 mlhPa~1 +10%

1 mlhPa~1+10 %

a1 is measured by means of a pressure sensor at the test lung, where V, = C x (2y,,,), and
Ve is the volume delivered to the test lung
C is the isothermal compliance of the test lung
Prax is the maximum pressure measured in the test lung

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

& Wy
b h
h) Calc
acco
i) Calc
j) Conf
k) Ensy
use.

201.9.101 * Additional requirements for suction procedures

a) The
suct
b) Ave

on catheter.

ilate the A-weighted sound pressure lével averaged over the measurement surfa
rding to 8.2.2 of 1SO 3744:2010.

Lilate the A-weighted sound powerdevel according to 8.6 of 1SO 3744:2010.

irm that the criteria for background noise specified in 4.2 of 1ISO 3744:2010 are fulfilled.

re that the measured spund pressure level is less than that disclosed in the instructions f

nstructiofis-for use shall disclose recommended ventilation settings for use with a clossg

ntilator shall continue to function as intended after the use of a closed suction catheten:

re

pr

d

1) for each ventilation-mode with the lowest tidal volume of each intended tidal volume range

indicated in the instructions for use; and

2) using the VBS configuration with the lowest compliance of those indicated in the

instructions for use.

NOTE1 For the purposes of this requirement, pressure-control based ventilation with a volume target is

considered a form of volume-control.

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

20
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c) Connect a suction system, as shown in Figure 201.101, leaving the patient-connection port of
the closed suction catheter adaptor open to air and the ventilator disconnected. Utilize a closed
suction catheter of minimum inside diameter of 2,95 mm (French (Charriere) equivalent size
14 F).

ventilator under test

patient-connection port of VBS before adding the closed suction catheter adaptor
test lung

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

14 Fr closed suction catheter conforming with SO 8836:2014

flow control valve (can be incorporated in-8)

suction equipment conforming with ISQ 10079-1:2015(201 or ISO 10079-3:2014[21]
suction system

© N O U A WN PR

Figure 201.101 — Typical closed suctioning test setup
d) Adjust the suction equipment as follows:

— Close the flow_cdontrol valve and adjust the vacuum regulator of the suction equipment to
an occluded vacuum of 200 hPa (204 cmH,0) below ambient atmospheric pressurg.

— Open_and set the flow control valve to give a free air flow (suction flow) of:
i\ 30 I/min, for a ventilator intended to provide tidal volume, V4,2 300 ml;

ii) 15 1/min, for a ventilator intended to provide tidal volume, 300 ml 2 V4, 2 50 ml; and

iii) 5 1/min, for a ventilator intended to provide tidal volume, V4, < 50 ml.

e) Disable the suction flow without affecting the flow control valve setting.

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

g) Connect a test lung to the patient-connection port of the closed suction catheter adaptor. Utilize
a test lung with compliance:

— 10 ml/hPa # 10 %, for a ventilator intended to provide tidal volume, V4. = 300 ml;
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— 3 ml/hPa + 10 %, for a ventilator intended to provide tidal volume, 300 ml 2 V4, = 50 ml;
and

— 0,5ml/hPa + 10 %, for a ventilator intended to provide tidal volume, V4, < 50 ml.

h) Do notenable any special suction procedure ventilator operational mode and retract the closed
suction catheter.

i) Perform any compliance correction as indicated in the instructions for use.

j) Sele

't a volume-control inflation-type with the following settings:

— minimum tidal volume for the intended tidal volume range;

k) Wait
1)  Advg
m) Enal
NOTI
n) Tern
cath
NOTH
redu

o) Wai

p) Conf

et rate: 10 min1; and

until stability is achieved.

pter.

e gas leakage.

until stability is achieved.

irm that the ventilator,continues to function as intended.

EXAMPLE The tidal volume.is‘within specification.

q) Repd

r) Reps
d):

at c) to p) foreach intended tidal volume range.

—

rigger: off or, if not so equipped, at the most insensitive method and setting.

nce the closed suction catheter between 1 cm and 2 cm beyond the patient-connection pof
le the suction flow, without affecting the flow control®alve setting, and maintain for 30

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

ninate the suction flow by closing the suction equipment valve and retract the suctign

3 Retracting the suction catheter into its supplied sleeve can be important to seal the gas pathway and

at c) to gj\using a pressure-control inflation-type with the following parameters in lieu pf

véntilation pressure of 5 cmH,0 or, if the ventilator cannot be set that low, the lowept

o

2

setting;

— setrate: 10 min-1; and

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

s) Repeat c) to q) using the recommended ventilation-mode and settings for use with a closed
suction catheter in lieu of d) unless the recommended ventilation-mode and settings have
already been tested.

22
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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:

2Pp1.11.1.2.2 * Applied parts not intended to supply heat to a patient

Amendment (add between the existing paragraphs):

Oper 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, bothhwith and withput each
hymidifier specified for use in the instructions for use, when averagéd-over 120 s shall neither
exceed:

aa) 70 °C; nor

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

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 temperature and relative

humidity
Temperatuare Relative humidity

°C %

43 100

44 95

45 90

48 76

50 69

55 52

60 40

65 30

70 23
Addition:
201.11.6.5.101 * Additional requirements for ingress of water or particulate

matter into ME equipment or ME system

a) Enclosures of ventilators shall provide at least an IP21 degree of protection to the harmful
ingress of water.
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b) Enclosures of ventilators should provide an IP22 degree of protection to the harmful ingress
of water.

Check conformity by the tests of IEC 60529:1989+AMD1:1999+AMDZ2:2013 with the ventilator
placed in the least favourable position of normal use and by inspection. After these procedures,
confirm that basic safety and essential performance are maintained.

201.11.6.6 * Cleaning and disinfection of ME equipment or ME system

Amendmlent (add additional requirement as new first paragraph):

aa) Gas
body
fault
1) fq
2) I

NOTE

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

bb) Vent
to ad

NOTH

cc) Prodessing instructions for the ventilatorand its accessories shall:

1) c

2) b

Check cdnformity by inspection-of the risk management file. When conformity with this document
could be| affected by the cleaning or the disinfection of the ventilator or its parts or accessorigs,
clean and disinfect thenp for the number of cycles determined by the expected service life [n
accordanpce with themethods indicated in the instructions for use, including any cooling or drying
period. After these‘procedures, ensure that basic safety and essential performance are maintainef.

e

Confirm
effective

bathways through the ventilator and its accessories that can become contaminated with
r fluids or by contaminants carried by expired gases during normal condition‘or singje
condition shall be designed to allow dismantling:

r cleaning and disinfection; or

eaning and sterilization.

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

ilator enclosures shall be designed to allow for surface cleaning and disinfection to reduge
ceptable levels the risk of cross infection of thénext patient.

2 1SO 14159:2002122] provides guidance for the design of enclosures.

dpnform with ISO 17664:2017 and SO 14937:2009; and

b disclosed in the instructions for use.

that the/manufacturer has evaluated the effects of multiple process cycles and tf
ness of-those cycles.

201.11.6.7 Sterilization of ME equipment or ME system

Amendment (add note before conformance 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 conformance statement):

24
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aa) The manufacturer of a ventilator, VBS, its parts or accessories shall address in the risk
management process the risks associated with the leaching or leaking of substances into the

gas pathway.
bb) The gas pathways shall be evaluated for biocompatibility according to ISO 18562-1:2017.

cc) A VBS, its parts or accessories that contain phthalates or other substances, which are
classified as endocrine disrupting, carcinogenic, mutagenic or toxic to reproduction, in a
concentration that is above 0,1 % weight by weight of any article, shall be marked as
contaiming such substances:

1) on the VBS, its parts or accessories itself; or
2) on the packaging.
3) The symbol of:

i) EN 15986:20111251 (Table 201.D.2.101, symbol 13) may beused for phthalatgs.
ii) ISO 7000-2725 (Table 201.D.2.101, symbol 9) may bejused for other substances.

4) If the intended use of a VBS, its parts or accessories-includes treatment of children or
treatment of pregnant or nursing women, a specific justification for the use |of these
substances shall be included in the risk managemeirt file.

5) The instructions for use shall contain information:

i) on residual risks for these patient groups; and

ii) if applicable, on appropriate precautionary measures.

Adldition:

2Pp1.11.8.101 * Additional requirements for interruption of the power
supply/supply. mains to ME equipment

The ventilator shall be équipped with

a)] aninternal electrical power source capable of powering the ventilator for atleast 30 njin when
the supply mains falls outside the values necessary to maintain normal operation.

b) a means$yef determining the remaining capacity or operation time provided by the|internal
electrical power source.

I)\This indication may be qualitative.

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

A ventilator shall

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

1) the alarm condition for switchover to an internal electrical power source shall be at least a
low priority.

e) generate an information signal to indicate a switchover to an internal electrical power source.
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f)

The instfuctions for use shall disclose

g)

h)

j)

Check colnformity by inspection of the instructions for use, functional testing and the following tes

be equipped with an alarm system that detects a technical alarm condition to indicate when
the internal electrical power source nears depletion, at least 10 min prior to the loss of
ventilation.

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

2) As the internal electrical power source depletes further, at least 5 min prior to the loss of
ventilation, the depletion internal electrical power source technical alarm condition shall
egcatate to nigh prioTity:

for dach intended tidal volume under the conditions of Table 201.102, the operational time
of thle ventilator when powered from

1) an aged (see k), fully charged internal electrical power source and

2) am external reserve electrical power source, if provided.

NOTH For the purposes of this document, an external reserve electrical péwer source is part of an ME systam
providing electrical power external to the ventilator.

the means by which the secondary supply mains, if provided, can be tested.
the hehaviour of the ventilator after a switchover:
1) tq the internal electrical power source; or

2) td the external reserve electrical poweér’source, if provided.

EXANIPLE 1 Describing which accessories or integrated components such as a heated exhalation manifold pr
a hedted humidifier no longer remain functional after a switchover to the internal electrical power source o1 a
secondary supply mains, if provided:

EXANIPLE 2 Describing any limjtations to the ventilation function after switchover.

the hehaviour of the ventilator while:
1) the internal electrical power source is recharging; and

2) tHe external reserve electrical power source is recharging, if provided.

o

k) Age a new internal electrical power source by operating the ventilator from the internal

26

electrical power source using the worst-case intended tidal volume and inflation-type under the
conditions of Table 201.102:

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

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

3) *repeat 1) and 2) 10 times; and
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4) *for a transit-operable ventilator, repeat 1) and 2) an additional 40 times.

5) Instead of using the ventilator, discharging and charging circuits may be used with an
equivalent profile simulating worst-case conditions:
i) over the discharging time; and
ii) over the charging time.

Operate the ventilator using an intended tidal volume and inflation-type under the conditions

A

ad

A

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

Confirm that the high priority alarm condition occurs at least 5 min‘prior to the loss of
ventilation.

Repeat 1) to n) for each remaining range of intended tidal volume:

01.12 Accuracy of controls and instruments and.protection against
hazardous outputs

ause 12 of the general standard applies, except as follows:

01.12.1 * Accuracy of controls and instruments
mendment (add after existing sentgnce):

1) The controls of a ventilator'shall be clearly legible under the conditions specified in 7.1.2 of
IEC 60601-1:2005+AMD%:2012.

heck conformity by application of the tests in 7.1.2 of IEC 60601-1:2005+AMD1:2012.
dition:
01.12.1:101 * Volume-control inflation-type

Witha volume-control inflation-type selected and the ventilator operating in normal cpndition,
the accuracy as determined for the test settings and conditions specified in this dpcument

chall ho dicclacad in tho inctructiane for ncoa a¢c tho mavimum hine orrar and mHaximum
SHaH—Pe—aiSee-Sse a1 h—e 1R SsHu a0 R S—1o—4uSe,—aS—ttheaaxHu—biaSs—eoi—aha3x

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 to the set tidal volume;

2) the maximum error of the PEEP in relation to the set value of BAP; and
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3) *the maximum error of the inspiratory oxygen (0,) concentration at the patient-

connection port in relation to the set value.

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

concentration.
c) All of the errors may be reported separately for the following ranges of intended tidal volume:

1) Vigar 2 300 ml;

2) 390 ml 2 V4. = 50 ml; and

3) Vhga < 50 ml

d) The pccuracy of the performance of the ventilator shall either be:
1) determined for each VBS configuration indicated in the instructions foy use; or
2) determined for the worst-case VBS configurations indicated in the-instructions for use.
NOTE1 The worst-case VBS configuration can be different for eachertor or nominal tidal volume.
NOTE 2 Indetermining the worst-case configuration, consider tise with active and passive humidificatign.
e) If worst-case VBS configurations are used, the rationale for their selection shall bhe
docymented in the risk management file.
Check conformity by inspection of the risk managenrent file for the rationale, if applicable, and with
the following tests:
NOTE 3 |In some cases, the following tests can be'carried out simultaneously.
f) Tidadl volume and end-expiratory pressure errors

1) |Set up the ventilator as Shown in Figure 201.102.

2) |lf applicable, detérniine or input the VBS compliance required for compliance correctiqn
as indicated in_the instructions for use and activate this correction. If a humidifier is useq,
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 intendgd
tidalwolume) of Table 201.104.

4) |\Wait for steady-state conditions to he achieved

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 4  Additional information on the construction of an isothermal test lung is found in Reference [23].
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ventilator under test

pressure sensor

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

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

test lung resistance (Rlung)

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

B O O N O U AW N R R

test lung

—

he oxygen sensor may be placed in the VBS.

Figure 201.102 — Typical test setup for volume- and pressure-control inflation{type
accuracy

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

7) If the ventilator is equipped with tidal volume monitoring equipment, determine the
accuracy of the tidal volume monitoring equipment by comparing its reading adjusted for

the measurement uncertainty to the tidal volume determined in 5). Refer to Table 201.104.

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

Test lung parameters Ventilator settings
mamber | CTIIINCE | reststancatmonin |\ [901 | oy pgpen | oRIatory | 0y | 04T
+10 % hralle ml | breaths/min s % | (cmH.0)

1 50 5 500 20 1 30 5
2 50 20 500 12 1 90 10
3 20 5 500 20 1 90 5
4 20 20 500 20 1 30 10
5 20 20 300 20 1 30 5
6 20 50 300 12 1 90 10
7 10 50 300 20 1 30 10
8 10 10 200 20 1 90 5
9 3 10 50 30 0,6 30 5

10 3 20 50 30 0,6 30 10

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 90 10

14 1 20 30 30 0,6 90 5

15 1 100 30 30 0,6 30 10

16 1 200 20 50 0,4 30 5

17 1 200 15 50 0,4 60 10

18 1 50 10 60 0,4 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

2 Ifthe epd-expiratory flowdoes not reach zero, reduce the set rate until it does.

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

30

decelerating flow) has been selected for the tests, repeat 2) to 12) for each flow pattern
available on the ventilator.
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14) Ifthe ventilator permits operation without compliance correction, repeat 2) to 10) without

compliance correction.

0, error

The accuracy of the inspiratory O, concentration of the gas delivered is assessed by placing the

sensor of an 0, concentration measuring device at the patient-connection port or inside the test

lung. If the sensor is located at the patient-connection port, the value of the concent

ration is

201.12.1.102 * Pressure-control inflation-type

the flow-weighted average concentration during the inflation phase

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

setting for the test and the measurement uncertainty. Compare the resulting differe
the tolerance indicated in the instructions for use. If the sensor is located inside the {
care should be taken to allow sufficient time for the gas mixture in the|test lung tg
stable concentration. If the sensor is located in the tubing systemcare should be
ensure that the measuring device has a sufficiently fast response-t@®permit determi
the flow-weighted average concentration during the inflation phdse.

2) If the 0, concentration measuring device has pressure dependencies, compensate |
dependencies.

3) Compare each result with the acceptance criterid)derived from the 0, setting for th

f), above, the measurement uncertainty and the-tolerance indicated in the instruc
use.

With a pressure-control inflationctype selected and the ventilator operating in|
condition, the accuracy as determined for the test settings and conditions specifie
document shall be disclosed:iw the instructions for use, as the maximum bias e
maximum linearity error.

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

This disclosure shall include at least:

1) the maxintum error of the airway pressure (P,,,) at the end of the inflation phase in
to the setwalue;

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

m the O,

nce with
est lung,
reach a
taken to
hation of

for these

e test in
tions for

normal
d in this
'ror and

relation

patient-

3)+* the maximum error of the inspiratory oxygen (0,) concentration at the

CoTTeCtion poTt in Tetation to the set value:

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

concentration.

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

1) Viga = 300 ml;
2) 300 ml 2 V4 2 50 ml; and

3) Viyga < 50 ml.
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d) The

accuracy of the performance of the ventilator shall either be:

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

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

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

In

e) If wWorst-case VBS configurations are used, the rationale for their selection shall he
docymented in the risk management file.

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

the follo

NOTE 2

f) Enddinspiratory and end-expiratory pressure errors

1)
2)

3)

4

5)

6)

7)

8)

9)

32

NOTE3  Additional information on the construction of an isothermal test lung is found in Reference [23]

ing tests:

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

Set up the ventilator as shown in Figure 201.102.

If applicable, determine or input the VBS complignce required for compliance correctiqn
as indicated in the instructions for use and activate this correction. If a humidifier is use
fill the humidifier to the maximum water levelprior to determining the VBS compliance.

=

Utilize the test parameters and settings.\of the first applicable row (selected by typicpl

intended tidal volume) of Table 201.105. " Wait until steady-state conditions are achieved

N

Determine the airway pressure at_the end of the inflation phase as the average over the
preceding 50 ms.

Compare the result withthe acceptance criteria derived from the pressure setting for the
test, the measurement tincertainty and the resulting difference with the tolerance indicated
in the instructions foruse.

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

If the ventilator is equipped with tidal volume monitoring equipment, determine the
accuracy of the tidal volume monitoring equipment by comparing its reading adjusted for
the measurement uncertainty to the tidal volume determined in 6). Refer to Table 201.104.

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

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

9,

11) Repeat 2) to 10) for 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 with the minimum
humidifier water level without re-determining the VBS compliance.

13) Ifthe ventilator permits operation without compliance correction, repeat 2) to 12) without
COTTPHUTICe TUTTEeTLIOT.

0, 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 patient-connection port or insid

b the test

lung. If the sensor is located at the patient-connection port, the value’of the concentration is

the flow-weighted average concentration as a function of flow during the inflation ph

1)

2)

Evaluate the measured O, concentration with the acceptance criteria derived fro
setting for the test, the measurement uncertainty. Compare the resulting difference

1se.

m the O,
with the

tolerance indicated in the instructions for use. If the sensor is located inside the test lung,
care should be taken to allow sufficient time for the’gas mixture in the test lung tq reach a

stable concentration. If the sensor is located in.the tubing system, care should be
ensure that the measuring device has a suffiéiently fast response to permit determi
the flow-weighted average concentration during the inflation phase.

taken to
hation of

If the Oy concentration measuring device has pressure dependencies, compensate for these

dependencies.

Compare 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 instruc
use.

tions for
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Table 201.105 — Pressure-control inflation-type testing

Test lung parameters Ventilator settings
Test Ini?::led Linear : A
number volume® |Compliance | Resistance set rateP I"SZ’;‘:?"}’ inspiratory gj BAP
[(17](18][19] pressured
ml I:ll/oh(};)a hffél({/: breaths/min S hPa (cnkillfla;O)

1 566 56 5 26 T savj 36 5
2 500 50 20 12 1 15 90 10
3 500 20 5 20 1 25 90 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 90 10
7 300 10 50 20 1 30 90 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 90 10
14 30 1 20 30 0,6 30 90 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

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

of the ventflator.

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

¢ The riselti

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

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.

34 © IS0 2020 - All rights reserved


https://standardsiso.com/api/?name=78164a44b800e8adec9c5c39e15c41bb

ISO 80601-2-12:2

3) The disclosed performance and acceptance criteria shall include the effects of the
the rated input oxygen concentration.

020(E)

range of

b) All of the performance and acceptance criteria may be reported separately for the following

ranges of intended tidal volume:
1) Vtidal > 300 ml,
2) 300 ml = V4, = 50 ml; and.

3y Voaa < DO ML,
c] The acceptance criteria of the performance of the ventilator shall either be:

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

2) determined for the worst-case VBS configuration indicated in the instructions for
NOTE The worst-case VBS configuration can be different for each error.or’each nominal tig
range.

In determining the worst-case configuration consider use with-active and passive humig

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

Check conformity by inspection of the instructions for use, inspection of the risk manage
fdr the rationale, if applicable, and with the tests.S§pecified by the manufacturer.

201.12.1.104 * Inspiratory volume monitoring

a) If the ventilator is equipped with«inspiratory volume monitoring equipment, the acg
the inspiratory volume monitoring equipment shall be disclosed in the instructions fi

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

Check conformity withthe following.

Confirm that ,the inspiratory volume monitoring equipment accuracy as meas
201.12.1.1017)-7) and 201.12.1.102 f) 7) is within the accuracy disclosed in the instruction
For tidal velumes greater than 50 ml ensure that the accuracy disclosed in the instruction
is|#(4,0 £(15 % of the actual inspiratory volume)) ml or better.

use.

al volume

ification.

shall be

ment file

uracy of
r use.

nitoring

ured in
s for use.
s for use

2D01/12.1.108 * Response of the ventilator to an increase in set OL concentr

tion

a) The length of time required for the oxygen concentration in the tidal volume to change from

a volume fraction of oxygen of 21 % to a volume fraction of 90 % of the maximum ac
volume fraction of oxygen shall be disclosed in the instructions for use.

hievable

b) The worst-case input oxygen concentration within the rated range shall be utilized for this

test.

c) The time shall be reported separately, as appropriate, at tidal volumes for each intended tidal

volume under the conditions of Table 201.106, using:
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1) the worst-case VBS; or
2) the maximum internal volume VBS and
3) if base or continuous flow controls are provided, at:

i) the minimum bias flow, or
ii) the minimum continuous flow.

d) The time may be rppnrfpd Qplr_mrnfp]y for:

1) each VBS; or

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

Check conformity with the following tests:

e) Set up the ventilator as shown in Figure 201.103 using the worst-cqse VBS or using the
max{mum internal volume VBS. If the VBS includes a humidifier, use(the minimum humidifier
watagr level indicated in the instructions for use.

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

Key

1  ventilator under test 5 data acquisition system
2 pressure sensor 6  resistance

3  flow sensor 7  testlung

4  oxygen sensor
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Figure 201.103 — O, concentration change test setup

Table 201.106 — Test conditions for O, concentration change tests

020(E)

Test condition
Adjustable parameter For a ventilator intended to provide tidal volume
Viidal = 300 ml 300 ml > V4, > 50 ml Viigal < 50 ml

Tidal volume, Viidal® 500 ml 150 ml 30 ml
Set rate 10 min™! 20 min~1 30 ndiny ™
L:E ratio 1:2 1:2 1:2
Resistance, Rb[17118119] 5hPa(l/s) 1 10 % 20 hPa(l/s) ~1+ 10 % 50)5Pa(l/s) 1+ 1p %
a Viida] Is determined by using the settings of the ventilator.
b The accuracy for R applies over the ranges of the measured parameters.

g) Ventilate the test lung with a set oxygen concentration of 21 s,volume fraction.

h) Wait until equilibrium is reached in the inspired oxygen concentration at the |patient-
connection port.

i)l Change the set oxygen concentration to the maximum volume fraction that the ventilator
permits.

j)| Measure the time delay between setting the new concentration and achieving 90 % of|the final
oxygen concentration during inspiratioflat the patient-connection port. If the sensor i located
inside the test lung, care should be taken to allow sufficient time for the gas mixture in the test
lung to reach a stable concentration. If the sensor is located in the tubing system, cane should
be taken to ensure that the:jmeasuring device has a sufficiently fast response t¢ permit
determination of the flow-weighted average concentration during the inflation phase.

k) Ensure that the measured time delay is less than or equal to that indicated in the insfructions
for use.

1)] Repeat g) to K)-for each applicable column (selected by intended tidal volume rfinge) in
Table 201.106.

m) If the véntilator is provided with bias flow during the expiratory phase, repeat g) tol|l) at the
minimum bias flow setting available on the ventilator.

n) Afthe ventilator is provided with continuous flow throughout the respiratory cycle, repeat g) to
l) at-the minimum anh'nnnncjﬂnulrnf‘p coH‘ing available on the ventilator.

201.12.4 Protection against hazardous output

Addition:

201.12.4.101 Oxygen monitor

a) The ventilator shall either
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1) be equipped with O, monitoring equipment for the measurement of the inspiratory oxygen

concentration (e.g.in the inspiratory limb or at the patient-connection port) that is integral
to the ventilator; or

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

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

b) Such O, monitoring equipment shall conform with the following subclauses of ISO 8060&<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) 208.6.1.2.

c) Whelre the O, monitoring equipment is not an integral‘part of the ventilator, the instructions
for yse shall include the following:

1) aptatement to the effect that the ventilatoris to be provided with O, monitoring equipment
that conforms with ISO 80601-2-55:2048 before being put into service; and

2) irfformation on where to connect.the 'O, monitoring equipment.

d) The |0, monitoring equipment‘shall, in addition, be equipped with an alarm system that
includes a high oxygen levellalarm condition.

e) The high oxygen level alarm condition:
1) shall be at leastmedium priority; unless

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

NOTE Adew oxygen level alarm condition is required by 1ISO 80601-2-55.

Check conformity by inspection of the instructions for use or application of the tests of 1SO 80601-
2-55:2018.

201.12.4.102 * Measurement of airway pressure

a) The ventilator shall be equipped with monitoring equipment to measure the airway pressure.
b) The site of actual measurement:

1) may be anywhere in the ventilator breathing system; but
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2) the indicated value shall be referenced to the patient-connection port.

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

+(2 +(4 % of the actual reading)) hPa (£(2 +(4 % of the actual reading)) cmH,0).

Check conformity by functional testing.

201.12.4.103 * Measurement of expired volume and low volume alarm conditions

2

a

01.12.4.103.1 Ventilators intended to provide a tidal volume >50 ml

equipped,

A ventilator intended to provide a tidal volume greater than 50 ml shall either:

1) be equipped with monitoring equipment for indicating the volume expired through the

patient-connection port; or

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

that the
bcument

unless the expired volume monitoring equipment is an integral part of the vdntilator,
information on where to connect the expired volume monitoring equipment shall be disclosed

in the instructions for use.

the accuracy of measurement of expired volumes greater than 50 ml shall bg
*(4,0 +(15 % of the actual volume expired through the patient-connection port)) ml.

the accuracy of expired volume mionitoring equipment shall be disclosed in the inst
for use.

The disclosed accuracies shall include the effects of the range of the rated inpuft
concentration.

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

the expired volume monitoring equipment shall be equipped with an alarm system to
when;

I)\the low expired volume alarm limit is reached; and

b within

ructions

oxygen

rases such

indicate

g)

2) the high expired volume alarm limit is reached.

the low expired volume and the high expired volume alarm conditions:

1) shall be at least medium priority; unless

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

i) the low expired volume or

ii) the high expired volume alarm condition

© IS0 2020 - All rights reserved
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h)

is su

ppressed or its priority is changed.

the expired volume monitoring equipment may be equipped with an alarm system that:

1) 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.
1) the AlJll Cd VU]lLllllC bll’ul Tl l,l.llll.tb llldy bC.
1) pre-adjusted;
2) rdsponsible organization-adjustable;
3) healthcare professional operator-adjustable;
4) veéntilator-adjustable; or
5) afcombination of healthcare professional operator-adjustable andventilator-adjustable.
j) if thp alarm limits are adjustable by the ventilator, a summadry description of the algorithm
that|determines the alarm limit values shall be disclosed inthe instructions for use.
NOTE Depending on the type of ventilation-mode being utilized, there can be more than one active alarin
limit]
Check cqnformity by functional testing using the &est conditions described in Table 201.104 and
Table 20J1.105 selecting the appropriate rows based on intended tidal volume and inspection of the
instructions for use. Select and set up the worst-case VBS configuration indicated in the instructiofs
for use.
EXAMPLE Minimum or maximum VBS compliance.
For testing with a humidifier, repeat the tests at the minimum and maximum water levels (2 sets pf
tests forla humidifier).
201.12/4.103.2 Ventilators intended to provide a tidal volume <50 ml
a) If a ventilator is-intended to provide a tidal volume <50 ml, it may be equipped with expirgd
volume manitoring equipment.
b) The pecuracy of the expired volume monitoring equipment at an expired volume <50 ml shdll
be disctosedimrthemstructions foruse:
c) The disclosed accuracies shall include the effects of the range of the rated input oxygen
concentration.
NOTE 1 The use of Oxygen 93 % can reduce the accuracy of measurement due to influence of other gases such
as argon on flow measurement.
d) The expired volume monitoring equipment may be equipped with an alarm system to indicate
when the expired volume reaches the low expired volume alarm limit.
e) The low expired volume alarm condition:
40 © IS0 2020 - All rights reserved
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1) shall be at least low priority; unless

2) an intelligent alarm system, based on additional information, determines that:
i) the low expired volume alarm condition is suppressed; or
ii) its priority is changed.

f) If provided, the expired volume alarm limit may be:

1) prn-nd}'ncfpd;
2) responsible organization-adjustable;
3) healthcare professional operator-adjustable;

4) ventilator-adjustable; or

g] Ifthe alarm limit is adjustable by the ventilator, a summary‘description of the algori
determines the alarm limit values shall be disclosed in the.instructions for use.

limit.

Check conformity by functional testing using the<test conditions described in Table 201
Table 201.105 selecting the appropriate rows_ based on intended tidal volume and inspecti

fdr use.
EXAMPLE Minimum and maximum VBS compliance.

For testing with a humidifier, repeat the tests at minimum and maximum water levels (|
tgsts for a humidifier).

201.12.4.104 * Expiratory end-tidal COz monitoring equipment

a] Ifaventilatofintended to provide a tidal volume <50 ml is not equipped with expired
monitoringequipment (see 201.12.4.103.2), the ventilator shall either:

1) befequipped with CO; monitoring equipment for the measurement of the expirator
dioxide concentration (e.g. in the expiratory limb or at the patient-connection por
integral to the ventilator; or

5) a combination of healthcare professional operator-adjustable@and ventilator-adjuqtable.

thm that

NOTE 2 Depending on the type of ventilation-mode being utilized, there can be more than one active alarm

104 and
on of the

instructions for use. Select and set up the wopst-case VBS configuration indicated in the instructions

P sets of

| volume

y carbon
¢) that is

2) the instructions for use shall contain a statement to the effect that the ventilator is to be
equipped with CO; monitoring equipment for the measurement of the expiratory carbon
dioxide concentration (e.g. in the expiratory limb or at the patient-connection port) before

being put into service.

b) Such CO; monitoring equipment shall conform with the following subcla
ISO 80601-2-55:2018:

1) 201.7.4.3;

2) 201.7.9.2.9.101 k);
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3) 201.12.1.101;

4) 201.12.1.102;

5) 201.12.1.103; and

6) for expired CO; concentration, 208.6.1.2.

c) Where the CO; monitoring equipment is not an integral part of the ventilator, the instructions

f AT 1 EETOD, RN DS, M- | :
or ysestratrrreraae tire Tormowtirg:

1) a|statement to the effect that the ventilator is to be provided with CO; moxnitoring
equipment that conforms with ISO 80601-2-55:2018 before being put into servige;'and

2) information on where to connect the CO, monitoring equipment.

Check conformity by inspection.

201.12/4.105 * Maximum limited pressure protection device

a) A prptection device shall be provided to prevent the airwgy pressure from exceeding the
maxinum limited pressure under both:

1) n¢rmal condition; and
2) sipgle fault condition.
b) The maximum limited pressure shall not exceedsthe lower of:
1) 2P hPa (20 cmH,0) more than the high-pressure alarm limit; or
2) 1B5 hPa (125 cmH,0).

NOTE See als0 201.12.4.106 and201.12.4.110.

Check conformity by functional testing.

201.12/4.106 * High airway pressure alarm condition and protection device

a) The ventilator shall be equipped with monitoring equipment with an alarm system to indicate
when thehigh-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
ii) its priority is changed.

c) The high airway pressure alarm limit may be:

1) independently adjustable; or

42 © IS0 2020 - All rights reserved


https://standardsiso.com/api/?name=78164a44b800e8adec9c5c39e15c41bb

d)

ISO 80601-2-12:2020(E)

2) related to the set pressure of the ventilator.

It shall not be possible to set the high-airway pressure alarm limit to a value greater than the
maximum limited pressure limit.

* Means shall be provided to require the operator to perform a deliberate sequence of actions
to confirm the setting of the high-pressure alarm limit to values exceeding the lower of:

1) 20 hPa (20 cmH,0) more than the operator-set pressure; or

201.12.4.107 PEEP alarm conditions

Check conformity by functional testing.

NOTE The operator-set pressure does not apply when by design the ventilator adjusts the airway pressure
on a breath-by-breath basis.

2) 60 hPa (60 cmH;0).

* Patient-generated transient pressure increases should not cause-the high-pressure alarm
condition.

EXAMPLE A transient pressure increase caused by the patient coughing:

The high airway pressure alarm condition delay shall nov exceed 200 ms and the ventilator
shall:

1) act to attempt to cause the pressure to start toidecline within that duration; and
2) act to prevent the pressure from continuwing to rise.

* Whenever the high-pressure alarm-condition occurs, the ventilator shall, within ho more
than two respiratory cycles or 15 s, whichever is less, reduce the airway pressure to gither:

1) the atmospheric pressure; or

2) the set BAP level.

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

Theyentilator shall be equipped with monitoring equipment with an alarm system thaf detects
an @larm condition to indicate when the end-expiratory pressure is above the high PEEP alarm
limit.

b)

The ventilator may be equipped with monitoring equipment with an alarm system that detects
an alarm condition to indicate when the end-expiratory pressure is below the low PEEP alarm
limit.

Both the high and low PEEP alarm conditions:

1) shall be of at least medium priority; unless

2) an intelligent alarm system, based on additional information determines that the high or
low PEEP alarm condition:
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i) issuppressed; or
ii) the priority is changed.
d) The alarm condition delay for high PEEP alarm condition shall not exceed the duration of three
inflations.
Check conformity by functional testing with every VBS indicated in the instructions for use.

NOTE To perform this test, modification of the ventilator to disable the BAP control can be required.

201.12)4.108 * Obstruction alarm condition

a) The ventilator shall be equipped with monitoring equipment with an alarm system that detects
a technical alarm condition to indicate when the alarm limit for obstruction is reached.

EXANIPLE  Alarm condition to warn of:

— an obstructed inspiratory or expiratory breathing tube;
— a blocked exhalation valve; or

— a blocked expiratory breathing system filter.

b) The pbstruction technical alarm condition:

1) shall be high priority, unless

2) an intelligent alarm system, based on additional information, determines that the
obstruction technical alarm condition:

1) issuppressed; or
i) its priority is changed.

c) The qlarm condition delay shall not exceed more than
1) two respiratory cycles or
2) 5]s,
whighever is greater.

d) Whenever the obstruction alarm condition occurs, the ventilator shall, within no more thdn
one fespiratory cycle, reduce the airway pressure to either:

1) atmospheric pressure; or

2) tHesset BAP level.

e) The ventilator should be equipped with a protection device to allow spontaneous breathing
when obstruction occurs.

f) If equipped with the protection device, the pressure drop measured at the patient-connection
port, with all recommended accessories in place, shall not exceed 6,0 hPa (6,0 cmH,0) at a

flowrate of:

1) 30 I/min for a ventilator intended to provide tidal volume, V4, = 300 ml;

2) 151/min for a ventilator intended to provide tidal volume, 300 ml = V,;4,, 2 50 ml; and
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3) 2,51/min for a ventilator intended to provide tidal volume, V4, < 50 mlL

g) The accompanying document shall describe:

1) the means by which the obstruction alarm condition is determined; and

2) a means to test the obstruction alarm condition.

Check conformity by functional testing with each VBS indicated in the instructions

for use,

a

2

rcording to the test method described in the accompanying document.

01.12.4.109 * Disconnection alarm condition

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

01.12.4.110 Protection against inadvertent setting of high airway pressur

The ventilator shall be equipped with an alarm system that detects a technjical alarm ¢
to indicate when conditions in the VBS reach the alarm limit for disconnection.

NOTE Disconnection can be detected using one or more means, for example measurement of press
ventilator gas output port, measurement of flow at the exhalation valve ormeasurement of expired fld
tidal COz at the patient-connection port.

The disconnection technical alarm condition shall be atdeast medium priority.

The alarm off or audio off of the disconnection technical alarm condition alarm sign
not be provided when the ventilator is operating.in any ventilator-operational mode i
for a ventilator-dependent patient.

The alarm off or audio off of the disconnection technical alarm condition alarm signal
provided when the ventilator is operating in any ventilator-operational mode not inte
a ventilator-dependent patient.

The instructions for use ,shall disclose the maximum alarm condition delay|
disconnection technical alarm’ condition.

The instructions for u§e)shall disclose any use scenarios in which decannulation migl
detected as a VBS disconnection.

EXAMPLE For,.a\neonatal ventilator normally intended to be used with a flow sensor placed be

patient-connection port and the tracheal tube, use of the ventilator with the flow sensor disconnected.

ondition

ure at the
w or end-

als shall

ntended

5 may be
nded for

of the

1t not be

['ween the

e

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

201.12.101* Protection against accidental or unintentional adjustments

a) The ventilator shall include a means for the healthcare professional operator to confirm the

ventilation-mode and settings:
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b)

c)

NOTE
and IEC 6

Check co

201.13

Clause 1

Addition}

201.13

A ventilg
not caus

a)
b)

c)

d)

proc

1) during the start-up procedure; and

2) w

hen the ventilation-mode is changed during use.

Means of protection shall be provided against accidental or unintentional adjustment of
controls that can create a hazardous situation, including against accidently turning the

venti

lator off.

The usability of these means of protection shall be evaluated in the usability engineering

* dis

* wh
vent

* rer
and

ANS

601-1-6:2010+AMD1:2013.

nformity by functional testing and inspection of usability engineering file!

Hazardous situations and fault conditions for ME equipment

3 of the general standard applies, except as follows:

2.101 * Additional specific single fault conditions

tor shall be so designed and constructed that the following single fault conditions sha
e an unacceptable risk:

ruption of the gas delivery to the patient-connection port from the ventilator;

en present, disruption of the gas-flow pathway from the patient-connection port to tk
lator;

noval or failure of a healthcare professional operator-detachable breathing system filte

* didruption of a functional connection between parts of the ventilator or ME system.

EXAM
moni

EXAM

PLE1 Loss{of communication between the ventilator and its remote (wired or wireless) control
oring module.

PLE 2>~ Loss of communication between the ventilator and its distributed alarm system.

The requirements for the usability engineering process are found in I[EC 60601-1:2005+AMD1:2012,12.

2

e

y

Check conformity by functional testing and Inspection oj risk management jile.

201.13.2.102 * Failure of one gas supply to a ventilator

a)

b)

c)

46

Following the failure of one gas supply connected to a high-pressure input port, a ventilator
shall maintain normal use.

The ventilator shall be equipped with an alarm system that detects a technical alarm condition
to indicate this gas supply failure.

The gas supply failure technical alarm condition:
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1) shall be at least low priority; unless

2) an intelligent alarm system, based on additional information, determines that
supply failure technical alarm condition is suppressed.

Check conformity by functional testing.

the gas

201.13.2.103 * Independence of ventilation control function and related risk

heck conformity by inspection and functional testing.

01.13.2.104 * Failure of functional .¢onnection to a ventilator control or

control measures

A single fault condition shall not cause the simultaneous failure of:

1) a ventilation control function; and

2) the corresponding protection device.

A single fault condition shall not cause either:

1) aventilation control function and the corresponding mo#nitoring equipment; or
2) aventilation control function and the corresponding alarm system

to fail in such a way that the loss of the ventilationControl function is not detected.

monitoring means

Following the failure of a functignal connection to a ventilator control or monitorin
the ventilator shall continueto'ventilate the patient.

The ventilator shall be equipped with an alarm system that detects a technical alarm g
to indicate this communication failure.

The communicatien failure technical alarm condition:
1) shall beatleast medium priority; unless

2) andintelligent alarm system, based on additional information, determines
cemmunication failure technical alarm condition:

b means,

ondition

that the

i) issuppressed; or

ii) the priority is changed.

Check conformity by functional testing.

201.14 Programmable electrical medical systems (PEMS)

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

Addition:

© IS0 2020 - All rights reserved
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201.14.
a) The

101 Software life cycle

programmable electronic subsystems (PESS) of a ventilator shall be developed with a

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

b) The

ventilation control software items of the ventilator PESS without an independent risk

control measure external to the PESS shall be considered as software safety Class C.

Check co

VAl & nVal

the soft

201.15

Clause 1

Additionf

201.15

201.15
a) Ave
strel
droq
b) Stat
c) Afte

1) m

2) conform with the requirements of 201.12.1 and 201.12.4.

NOTE 1
correspor

nformity by inspection of the documentation required by IEC 62304:2006+AMD1:2015 for

L

Lot 1 yon) H £ £, o q 4 4.2 00 401 .20
urcoujcty Ciuss (trc reyuirciriciits urc jounu it L. U TLU U4 O0UT. o UVUTANIDUL.4U1LJ

Construction of ME equipment

5 of the general standard applies, except as follows:

3.5.101 Additional requirements for rough handling

3.5.101.1 * Shock and vibration (robustness)

ntilator and its parts, including applicable accessoriés shall have adequate mechanicpl
1gth when subjected to mechanical stress caused by normal use, pushing, impad
ping and rough handling.

(l
<

onary ME equipment is exempt from the reguirements of this subclause.
" the following tests, the ventilator shall:

aintain basic safety and essential.performance; and

A ventilator tested and conforming with a more severe requirement is considered to conform with the
ding requirement of this subclause.

Conformiity is checkedby performing the following tests:
d) Shodk test inconformance with IEC 60068-2-27:2008, using the following conditions:
NOTE 2 |Thisrrepresents IEC/TR 60721-4-7:200124, Class 7M2.
1) testtype: Type 1.

— peak acceleration: 150 m/s? (15 g);

— duration: 11 ms;

— pulse shape: half-sine; and

— number of shocks: 3 shocks per direction per axis (18 total);

or

48
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2) testtype: Type 2:
— peak acceleration: 300 m/s? (30 g);
— duration: 6 ms;
— pulse shape: half-sine; and

— number of shocks: 3 shocks per direction per axis (18 total).

e] Broadband random vibration test in conformance with IEC 60068-2-64:2008u
following conditions:

NQTE 3  This represents IEC/TR 60721-4-7:200124, Classes 7M1 and 7M2, modified.
1) acceleration amplitude:
— 10 Hzto 100 Hz: 1,0 (m/s?)?2/Hz; and
— 100 Hz to 500 Hz: —6 db per octave;
2) duration: 10 min per perpendicular axis (3 total),
fl Confirm that basic safety and essential performance and the requirements of 201.

201.12.4 are maintained following the tests.

2P1.15.3.5.101.2 * Shock and vibration for a transit-operable ventilator du
operation
a) A ventilator and its parts, including applicable accessories, intended for transit-oper
(during patient transport inside a healthcare facility) shall have adequate me

strength when subjected to) mechanical stress caused by normal use, pushing,
dropping and rough handling while operating.

b) For this test, the ventilator and its parts, and applicable accessories, shall be mount
the mounting acdessories indicated in the accompanying documents.

If more thap-0hé mounting system is described in the accompanying documents, multiple
required.

cdrresponding requirement of this subclause.

king the

(2.1 and

Iring

able use
chanical
impact,

ed using

tests are

NOTE-"YA ventilator tested and conforming with a more severe requirement is considered to conform with the

c) During the following test, a ventilator shall maintain basic safety and essential per,

ormance

while ventilating a test lung using the worst-case conditions and parameters of

Table 201.102, selected by intended tidal volume, as appropriate.

d) Perform the tests with a volume-control inflation-type or a pressure-control inflation-type, as

applicable.
e) For volume-control inflation-types, during the testing, the error of:

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

© IS0 2020 - All rights reserved
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2) the inspiratory volume averaged over a one min interval shall not deviate by more than
25 % of the inspiratory volume measured prior to the test;

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

4) the delivered FiO; (inspiratory oxygen concentration) averaged over a one min interval
shall not deviate by more than the deviation disclosed by the manufacturer in the
instructions for use.

f) For pressure-control inflation-types, during the testing, the error at the patient-connectign
port

1) of the pressure of the individual inflations shall not deviate by more than 35 % of the
pressure measured prior to the test;

2) of the pressure averaged over a one min interval shall not deviate by~more than 25 % pf
the pressure measured prior to the test;

3) of the PEEP of individual inflations shall not deviate by morésthan 5,0 hPa (5,0 cmH:0Q)
friom the PEEP measured prior to the test; and

4) of the delivered FiO; averaged over a one min interval'shall not deviate by more than the
deviation disclosed by the manufacturer in the instrugetions for use.

g) During this testing, the alarm limits for volume and‘pressure alarm conditions shall be set to
their least sensitive levels.

Check canformity by performing the following tests:

h) Shodk test in conformance with IEC 60068-2-27:2008, using the following conditions:
1) tast type: Type 1:

+ peak acceleration: 50-m/s? (5 g);

+— duration: 6 ms;

— pulse shape half-sine; and

+— number of shocks: 3 shocks per direction per axis (18 total).

i) Broddband random vibration test in conformance with IEC 60068-2-64:2008, using the

follolwing conditions:

1) acceleration amplitude:
— 10 Hzto 100 Hz: 0,33 (m/s?)2/Hz; and
— 100 Hz to 500 Hz: —6 db per octave;
2) duration: 30 min per perpendicular axis (3 total).

j) Free fall in conformance with IEC 60068-2-31:2008, using Procedure 1 and the following
conditions:
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1) fall height:

i) formass <1 kg, 0,25 m;
ii) for mass >1kgand < 10 kg, 0,1 m;
iii) for mass > 10 kg and < 50 kg, 0,05 m; and
iv) for mass > 50 kg, 0,01 m
2) number of falls: 2 in each specified attitude.

201.15.4.1 Construction of connectors

Afldition:

ad

A

2

A

C

2

abient to at least’95 % of the input oxygen concentration to the patient.

Confirm that during these tests:
1) basic safety is maintained;

2) for volume-control inflation-types, the inspiratory volume, PEEP and delivered
within the indicated limits during the tests; and

3) for pressure-control inflation-types, the pressure, PEEP and delivered FiO; are w
indicated limits during the tests.

) Healthcare professional operator-detachable gas'pathway connectors are exempt f
requirement.

01.15.101 Mode of operation

ventilator shall be suitable for continuous operation.

heck conformity by inspection.

01.15.102 Delivéred oxygen concentration
ventilator shall .be) capable of supplying gas with an O, concentration over the ran
heck conformity by functional testing.

01.15.103  Accessory self-check

020(E)

FiO, are

fthin the

rom this

ge from

a) Aventilator shall be equipped with means that allow the determination of whether o

r not the

VBS resistance and compliance characteristics fall outside the values necessary to maintain

normal operation.

NOTE  Additional requirements are found in 201.7.9.2.8.101.

b) This means may require operator action.

Check conformity by functional testing.

©
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201.16 ME systems

Clause 1

Addition

6 of the general standard applies, except as follows:

201.16.1.101 Additional general requirements for ME systems

Accesson
a) bep

b) form

Check
IEC 606(

201.16

1es connected to the Vb5 shall be considered to

hrt of the ventilator; or

an ME system with the ventilator.

conformity by application of the relevant tests of this-\document ai
1-1:2005+AMD1:2012.

2.101 * Additional general requirements for accompanying documents of
an ME system

Amendment (add after list element c)):

100)

fa

EXAMPLE
breathing
limit alloy

201.17

Clause 1

Addition}

201.10

If applicable, a description of the use scenarios;and ranges of ventilation settings ove

which elevated temperature of the gas at the_veéntilator gas output port can lead to t

ilure of a respiratory gas humidifier to functien according to its specification.

A blower/turbine-based ventilator operating with ventilator settings that result in the deliver
gas temperature exceeding 27 °C can cause the humidifier to reduce humidity output below the low
Fed by ISO 80601-2-74.

Electromagnetic compatibility of ME equipment and ME systems

7 of the general standard applies.

1 Gas connections

d

28
e

bd
er

201.10'1.1 * Protection against reverse gas leakage

For a ventilator with two or more high-pressure input ports,

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

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

Check co

52

nformity by functional testing.
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201.101.2 Connection to a high-pressure input port

201.101.2.1 Connector

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

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

201.101.2.2 * Filter

Eqch high-pressure input port shall be provided with a filter having a pore size less'than
tq 100 pum.

NPTE 1 The need for particle filtration in oxygen-enriched environments including the proper choic
mpterials is discussed in ISO 15001:201018l.

NPTE 2 Depending on the sensitivity against particles of the components(used in the gas pathways
sgnsors) to particles, filtration of smaller particles can be needed.

Check conformity by inspection.

201.101.3 VBS connectors

p1.101.3.1 * General

2
Operator-detachable VBS connections threugh which the main flow of gas to or from th¢
passes in normal condition, excluding'the patient-connection port:

a] shallbea 15 mm or a 22 mmeonnector conforming with ISO 5356-1:2015;

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

c] may be a non-cenical connector that does not engage with a conical connector cor
with ISO 5356-172015.

Check conformity by application of the tests of ISO 5356-1:2015 and functional testing.

201401.3.2 Other named ports

or equal

e of filter

(e.g. flow

e patient

hediatric

forming

201.101.3.2.1 Patient-connection port
The patient-connection port shall be one of the following:

a) afemale 15 mm conical connector conforming with ISO 5356-1:2015; or

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

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

© IS0 2020 - All rights reserved
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201.101.3.2.2 Gas output port and gas return port
a) The gas output port and the gas return port shall be one of the following

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

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

4) alnon-conical connector that does not engage with a conical connector conforming with
140 5356-1:2015.

b) Notwithstanding this requirement, a ventilator only intended for tidal volumes of|<300 ml,

may|be equipped with a gas output port and a gas return port using a male 11;5-mm conicpl
connjector conforming with ISO 5356-1:2015.

Check conformity by application of the tests of ISO 5356-1:2015.
201.101.3.2.3 Emergency intake port
a) An emergency intake port shall not be equipped with an operator-accessible connector.

b) An emergency intake port shall be designed to prevent.obstruction when the ventilatoris |n
use.

Check conformity by inspection.

201.101.3.2.4 Flow-direction-sensitive components

Any flow{-direction-sensitive component ¢f'the VBS detachable without the use of a tool shall be §o
designed that it cannot be fitted in such.d way that it presents an unacceptable risk to the patien

o

Check cdnformity by inspection_gf detachable flow-direction-sensitive components and inspectiqn
of the rigk management file.

201.101.3.2.5 * AcceSsory port
If provided, each aecessory port shall:

a) confprm with ISO 80369-1:2018;

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

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

NOTE 1 This port connects to the gas pathway and is generally used for measuring pressure or for the introduction
of therapeutic aerosols.

NOTE 2 For the purposes of this document, the temperature probe port specified in 1ISO 80601-2-74 is not
considered an accessory port.

Check conformity by inspection.
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201.101.3.2.6 Gas exhaust port

a)

b)

If a connector is provided for the gas exhaust port, it shall be a 30 mm connector conforming

with ISO 5356-1:2015.

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

scavenging system (AGSS) that conforms with 1SO 80601-2-13(21.

use.

A ventilator shall be designed so that any provided gas exhaust port is not obstructed during

2
A
0
e

C

ntity (“third-party manufacturer” or healthcare provider).

heck conformity by inspection and application of the tests of ISO 5356-1:2015.

01.101.3.2.7 Temperature sensor port
he VBS may be equipped with a temperature sensor port conforming with 201.
080601-2-74:2017.

01.102 Requirements for the VBS and accessories

01.102.1 * General

1 ventilator breathing systems, their parts and accessories shall conform with the requi
this document, whether they are produced by the manufacturer of the ventilator or by

heck conformity by the tests of this document.

01.102.2 Labelling

The accompanying document provided with each VBS, its parts or accessories, con
with 201.102.1, shall include at least the model or type reference of at least one cot
ventilator.

Statements shatl;be included in the accompanying document of each ventilator b
system, its patts or accessories to the effect that:

1) ventilator breathing systems, their parts and accessories are validated for U
sp€cific ventilators;

23 incompatible parts can result in degraded performance; and

101.8 of

rements
another

forming
mpatible

reathing

1Ise with

3) the responsible organization is responsible for ensuring the compatibility of the ventilator

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

Check conformity by inspection of the accompanying document.

201.102.3 Breathing tubes

Breathing tubes intended for use in the VBS shall conform with the following clauses and
subclauses of ISO 5367:2014:

a) 5.1;

©
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b) 5.3.4;

c) Clau

d) Clau

Check co

se 6; and

se 7.

nformity by application of the tests of 1ISO 5367:2014.

A 3k

201.10

201.102

Any hun
recomm

Check co

201.102

Any hea
the VBS,

a) ISo

b) ISO

Check co

201.10

Any bred
the vent

a) ISO

b) ISO

1\ )

XAL . .
I 3 wdlCl VvdpOUul lidiidgCIIITIIt

4.1 Humidification system

pidifier, including heated breathing tubes, either incorporated into the ventilator
ended for use with the ventilator, shall conform with I1SO 80601-2-74:2017.

nformity by application of the tests of 1ISO 80601-2-74:2017.

4.2 Heat and moisture exchanger (HME)

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

p360-1:2000; or

p360-2:2001.

nformity by application of the tests of 1SQ*9360-1:2000 or IS0 9360-2:2001.

.6 Breathing system filters

thing system filter, either incorporated into the ventilator or recommended for use wit
lator, shall conform with-the relevant requirements of:

p3328-1:2003; and

p3328-2:2002.

Check conformity-by application of the tests of ISO 23328-1:2003 and IS0 23328-2:2002.

201.10

.7 Ventilator breathing systems

201.102.7.1 * Leakage from complete VBS

Unintended leakage from the VBS should not exceed:

h

h

a) 200 ml/minat 50 hPa (50 cmH,0) for a ventilator intended to provide a tidal volume greater

than

300 ml;

b) 100 ml/minat 40 hPa (40 cmH,0) for a ventilator intended to provide a tidal volume between

300

56

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

201.102.7.2 * Non-invasive ventilation

a) The instructions for use for a ventilator intended for non-invasive ventilation shall include a
warning statement to the effect that the exhaled volume and exhaled CO; of the patient can
differ from the measured exhaled volume and exhaled CO due to leaks around the mask.

b) A ventilator intended for non-invasive ventilation should either:

1) be equipped with CO; monitoring equipment for the measurement of expiratory carbon
dioxide concentration, (e.g. in the expiratory limb or at the patient-connection|port) in
accordance with ISO 80601-2-55; or

2) if not so equipped, the instructions for use should contain a statement to the effect that
the ventilator is to be provided with CO, monitoring equipment for the measur¢ment of
expiratory carbon dioxide concentration, (e.g. in the expiratory limb or at the|patient-
connection port) in accordance with ISO 80601-2-55 befdre being put into service.

Check conformity by inspection of the instructions for use 6r application of the tests of ISQ 80601-
2155:2018.

2/01.103 * Spontaneous breathing duringloss of power supply

a)l A protection device shall be provided:to allow spontaneous breathing when| normal
ventilation is compromised as a result’/of the electrical or pneumatic supply powgr being
outside the values necessary for normal operation.

b) Under these conditions, the:inspiratory and expiratory pressure drop measured at the
patient-connection port with_all recommended accessories in place shall not exceed 6,0 hPa
(6,0 cmH,0) at a flowrate of:

1) 30 I/min for a ventilator intended to provide a tidal volume, V4, = 300 ml;
2) 15 1/min fera’ventilator intended to provide a tidal volume, 300 ml = V;4,, 2 50 ml;

3) 2,5 1/min for a ventilator intended to provide a tidal volume, V4, < 50 ml.

NPTE These requirements are intended to allow the patient to breathe spontaneously under conjpromised
cqnditions.

Check conformity by functional testing and measurement of flowrate, pressure, and resistance at
the patient-connection port with that combination of accessories indicated in the instructions for
use which produces the highest pressure drop.

201.104 * Indication of duration of operation

a) The ventilator shall have means to indicate visually the cumulative hours of operation of the
ventilator, either:

1) automatically; or
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2) by operator action.

b) The 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 co

nformity by inspection.

201.10

201.10

Basic sa
connecti

a) disry

b) ifth

Check co

201.10

a) Avg

5 Functional connection

5.1 General

fety and essential performance shall be maintained if connectiofis~to a function
pn of a ventilator are:

ipted; or

e equipment connected to those parts fails.

nformity by functional testing.

5.2 * Connection to an electronic health record

ntilator shall be equipped with a functignal connection that permits data transmissid

fronp the ventilator to an electronic health.record.

b) The
BB.

Check co

201.10

A ventil
distribut

201.10

data transmission should be capable of transmitting the information described in Anng

nformity by inspection.

5.3 * Connection to a distributed alarm system

ntor shall be\equipped with a functional connection that permits connection to
ed alarm system.

5.4<_ Connection for remote control

n

X

a

A ventilator may be equipped with a functional connection for connection for external control of
the ventilator.

NOTE

ASTM F2761-09(2¢] is an example of a suitable standard for providing such a functional connection.

201.106 Display loops

201.106.1 Pressure-volume loops

a) Ifaventilator is provided with the display of pressure-volume loops the graph shall use:
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1) inspiratory volume on the vertical axis; and

2) airway pressure on the horizontal axis.

Positive values shall be on the top and the right of the display.
Increases in inspiratory volume shall be positive values.

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

Check conformity by inspection.

2P01.106.2 Flow-volume loops

Check conformity by inspection.
2001.107 * Timed ventilatory pause

201.107.1 Expiratory pause

If a ventilator is provided with the display of flow-volume loops, the graph shall use
1) flowrate on the vertical axis; and

2) inspiratory volume on the horizontal axis.

Positive values shall be on the top and the right of the display.

Gas flow to the patient (inspiratory flow) and incre@ases in inspiratory volume shall be
values.

The volume shall be reset to the origin at the'beginning of each breath.
The ventilator may be provided with an@dditional optional display configuration for {

volume loop where gas flow from the'patient (expiratory flow) is represented as a
value.

A ventilator'may be equipped with a healthcare professional operator-controlled 1
pausetheventilator in expiration.

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

positive

he flow-
positive

heans to

1 +] H £ £ 3 1= +dad
L TIHTUTTUIdITUITICT CTAUTITULUT y" puust TUITCULIUITN IITId y " O T DT U VIUTU.

2) the maximum allowable duration of an expiratory pause shall be 60 s.

3) means may be provided to initiate the expiratory pause from a functional connection.

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.
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2) during the expiratory pause, any apnoea-related ventilatory 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 alarm signal inactivation in 6.8.5 of
[EC 60601-1-8:2006+AMD1:2012, the ventilator shall indicate the presence of the
expiratory pause with at least an information signal or a low priority alarm condition.

NOTE1 An expiratory pause can be equivalent to placing the ventilator into standby mode or CPAP and

automati dlly resuming ventilation arter a pre-determined duration.

NOTE 2 [The expiratory pause can be used to synchronize radiographic imaging with deflated lungs.

Check conformity by inspection and functional testing.

201.10y.2 Inspiratory pause

a)

b)

d)

60

A veptilator may be equipped with a healthcare professional operator-controlled means to
paude automatic ventilation at end-inspiration.

If a yentilator is equipped with a means to pause the ventilator in inspiration,

1) more than one inspiratory pause function may be provided;

2) tHe maximum duration of a non-adjustable inspiratery pause shall be 10 s;

3) the maximum allowable duration of an adjustable inspiratory pause shall be 40 s; and
4) means may be provided to initiate the insSpiratory pause from a functional connection.

If a yentilator is equipped with a timed,;means to pause the ventilator in inspiration,

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

~
1

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

3) dyiring the inspiratory pause, any:

1) apneea‘alarm condition; or

1i) sustained airway pressure alarm condition

thatywould be caused by this inspiratory pause should, for the duration of the inspiratory
pause, be:

iii) audio paused; or
iv) alarm paused.

In addition to the requirements for alarm signal inactivation in 6.8.5 of
[EC 60601-1-8:2006+AMD1:2012, the ventilator shall indicate the presence of the inspiratory
pause with

1) atleast an information signal; or

2) alow priority alarm condition.
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NOTE The inspiratory pause can be used to synchronize radiographic imaging with lung inflation or used for a

recruitment manoeuvre (a temporary increase in pressure intended to expand the lung).

Check conformity by inspection and functional testing.

202 Electromagnetic disturbances — Requirements and tests

IEC 60601-1-2:2014 applies except as follows:

2D02.4.3.1 * Compliance criteria

Amendment (replace the second dash of 4.3.1 with):

and pressure alarm condition alarm limits to their least sensitive levels.

2p2.5.2.2.1 Requirements applicable to all ME equipmentand ME systems
Amendment (add note to list element b)):

NPTE The requirements of this document are not considered\deviations or allowances.

Adldition:

2p2.8.1.101 * Additional general requirements

not be allowed:

1) component failures;

2) changes in programinable parameters or settings;
3) reset to default-settings;

4) change of Wentilation-mode;

EXAMPRLEE  Change of inflation-type, set rate, I:E ratio.

5) imitiation of an unintended operation;

6) For volume-control inflation-types, during the testing, the error of:

— the ventilator operated using the worst-case conditions and parameters '0f Table 20
Table 201.105, selected by intended tidal volume, as appropriate. During-this testing, set the volume

a) The following degradations, if asseciated with basic safety and essential performan

1.104 or

ce, shall

i) inspiratory volume of individual inflations shall not deviate by more than 35 % of the

inspiratory volume measured prior to the test;

ii) inspiratory volume averaged over a one min interval shall not deviate by more than

25 % of the inspiratory volume measured prior to the test;

iii) PEEP of individual inflations shall not deviate by more than 5 hPa (5,0 cmH,0) from

the PEEP measured prior to the test; and

iv) of the delivered FiO; averaged over a one min interval shall not deviate by more than

the deviation disclosed by the manufacturer in the instructions for use.
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7) For pressure-control inflation-types, during the testing, the error at the patient-connection
port:

i) of the pressure of individual inflations shall not deviate by more than 35 % of the
pressure measured prior to the test;

ii) ofthe pressure averaged over a one min interval shall not deviate by more than 25 %
of the pressure measured prior to the test;

iii) of PEEP of individual inflations shall not deviate by more than 5 hPa (5,0 cmH,0)
from the PEEP measured prior to the test; and

iv) of the delivered FiO; averaged over a one min interval shall not deviate by more-thgn
the deviation disclosed by the manufacturer in the instructions for use.

b) The |ventilator may exhibit temporary degradation of performance (e.g. deviation)from the
perfprmance indicated in the instructions for use) that does not affect basic safety.or essentipl
perférmance.

206 Usgability
IEC 606(01-1-6:2010+AMD1:2013 applies except as follows:

Addition}

206.101 Primary operating functions
a) For a ventilator, the following shall be considered\primary operating functions:
1) setting the healthcare professional operator-adjustable controls:

i)] setting alarm limits;
ii) inactivating alarm signals;

iij) switching between different ventilation-modes and inflation-types; and

L—

i) setting ventilation control parameters;

EXAMPLE 1 Tidal volume, set rate, BAP, pressure support

2) observing and identifying the monitored ventilation parameters;

EXAMPLE 2 Airway pressure and expired volume

EXAMPLE3 FiO, (inspiratory oxygen concentration) or etCO, (end-tidal carbon dioxide concentratiop)

3) configuring the VBS including:

- connection of the detachable parts of the VBS to the ventilator;
EXAMPLE 4 Humidifier, nebuliser(1¢], water-trap, tubing, breathing system filter

4) setting of the adjustable high pressure alarm limit to values exceeding 60 hPa (60 cmH;0);
5) setting of the airway pressure to values exceeding 60 hPa (60 cmH,0);

6) identifying any limitation of the ventilator’s ability to detect decannulation based on the
intended patient profile and the VBS configuration;
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7) connecting or disconnecting the patient-connection port of the VBS to the patient-interface;

8)
9)

10)
system; and

starting the ventilator from power off;

turning off the ventilator;

performing a basic pre-use functional check of the ventilator including the alarm

1)
2)

3)

4)

5)

2)

3)

5)

(]

114 H +lao il ot load £ £
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starting ventilation from standby;
activating standby;

activating manoeuvres that help assess lung function or the-effectiveness of v
parameter settings;

EXAMPLE 5 Inspiratory pause, expiratory pause, slow inflation

activating a closed suctioning function; and

attaching the ventilator and, where applicable;the VBS, to a trolley.

c] The following actions associated with ventilation also shall be considered primary o
functions:

1) humidifying/conditioning gases delivered through the VBS;

adding medicationste'the gas flowing into the patient;

EXAMPLE 6 Nebulisation[1®] or injecting fluids into the ancillary port connection of the VBS

suctioning-the patient’s airway;

4) X-raying the patient;

providing alternative means of ventilation with a manual resuscitator;

positioning the patient; and

b) The following functions, if available, also shall be considered primary operating fiindtions:

entilator

berating

NOTE For the purposes of this document, the following functions are considered primary operating functions
even though they might not be performed on the ventilator’s operator-equipment interface.

7)

connecting and disconnecting a distributed alarm system.

206.102 * Training

In the application of the requirements in 5.6 and 5.8 of IEC 62366-1:2015, training shall be
considered necessary for both:

a) the healthcare professional operator; and
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b) the designee of the responsible organization (e.g. service personnel or processing personnel).

NOTE

Requirements for training are found in 5.6 and 5.8 of IEC 62366-1:2015.

Check conformity by inspection of the accompanying document.

208 General requirements, tests and guidance for alarm systems in medical
electrical equipment and medical electrical systems

IEC 606

Additionf

208.6.3
signals

High pri

the alarm condition and appropriate actions to take in response. Operater action may be required
to displdy this information.

EXAMPLE The obstruction alarm limit has been reached. Check the breathing system tubing for blockages pr

crimpling

208.6.8
states

a) Ave
toa

b) A ventilator shall not be equipped_.with a means to initiate a global audio off unless the

vent

Check conformity by functional testing.

208.6.8

The duration of audiopdaused for the alarm conditions required by this document shall not exceqd

120 s wi

NOTE

more thar] 120 §fellowing each direct action.

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

2.2.2.101 Additional requirements for 1 m (operator’s position)wvisual alarm
hnd information signals

brity alarm signals should be accompanied by information desctibing possible causes pf

Check breathing system filters for blockage.

3.101 Additional requirements for global indefinite alarm signal inactivation

ntilator shall not be equipped with a means to initiate a global alarm off while connected
patient.

lator is connected to a distribtited alarm system.

4.101 * Additionalrequirements for termination of alarm signal inactivation

thout healthédre professional operator intervention.

This permiits a healthcare professional operator to deliberately extend the duration of audio paused by no

Check conformity by functional testing.

208.6.12.101 * Additional requirements for alarm system logging
a) Notwithstanding the requirements of IEC 60601-1-8:2006+AMD1:2012, the ventilator shall

1) be equipped with an alarm system log with a capacity of at least 1 000 events in total for:

i) high priority alarm conditions;

ii) medium priority alarm conditions; and

iii) alarm signal inactivation states
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2) time stamp all events according to IEC 60601-1-8:2006+AMD1:2012, 6.12 a).

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

4) not permit the healthcare professional operator to erase the contents of the alarm system
log.

b) In addition, the ventilator should provide a log to include at least the following events:

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

3) change of patient, including the patient attributes;

4) power supply source change, including the source utilized; and

5) results of the pre-use check.

Check conformity by inspection and functional testing.

The annexes of the general standard apply, except as_fellows:

© IS0 2020 - All rights reserved 65


https://standardsiso.com/api/?name=78164a44b800e8adec9c5c39e15c41bb

ISO 80601-2-12:2020(E)

Annex C
(informative)

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

IEC 606Q01-1:2005+AMD1:2012, Annex C applies, except as follows:

Additionf

201.C.101 Marking on the outside of ME equipment, ME systems or their

parts
Additioral requirements for marking on the outside of a ventilator, its parts and accessories ay
found in[Table 201.C.101.
Table 201.C.101 — Marking on the outside of a ventilator, its parts or accessories
Description of marking Subclause

Any special storage or handling instructions 201.7.2.101a) 1)
Any warnings or precautions relevant to the immediate operation efthe ventilator 201.7.2.101 a) 2)
Contgining natural rubber latex, if applicable 201.7.2.13.101 a)
For a|ventilator intended for the magnetic resonance (MRJ)‘environment, MR conditional, if| 201.7.2.101 b) 1) ii)
appli¢able
For a pentilator intended for the magnetic resonancé.(MR) environment, MR safe, if applicable | 201.7.2.101 b) 1) i)
For agcessories supplied separately, indication of any limitations or adverse effects of the| 201.7.2.4.101 a) 2)
accesfory on the basic safety or essential performance of the ventilator, if applicable
For agcessories supplied separately, the'requirements of 201.7.2.101 201.7.2.4.101a) 1)
For afcessories supplied separately, the requirements of 201.7.2.13.101, 201.7.2.17.101 and| 201.7.2.4.101 a) 2)
201.7}2.101
For eqch VBS, part and accessory, contains phthalates, if applicable 201.11.7 cc)
For oxygen inputs, the £ated range of gas pressure 201.7.2.18 cc)
For ppckaging of single use or for reusable breathing attachments, containing natural rubber | 201.7.2.17.101 a) 3)
latex, [if applicable
For packaging of single use or for reusable breathing attachments, description of the contents | 201.7.2.17.101 a) 1)
For ppckaging of single use or for reusable breathing attachments, identification reference to| 201.7.2.17.101 a) 2)
the batclytype or serial number
For the flow-direction-sensitive components removable without the use of a tool, an arrow| 201.7.2.101b) 2)
indicating the direction of the flow
For the gas output port, an arrow indicating the direction of the flow 201.7.2.101 a) 3) i)
For the gas return port, an arrow indicating the direction of the flow 201.7.2.101 a) 3) ii)
Gas name or chemical symbol 201.7.2.18 aa)
Gas-specific colour coding, if applicable 201.7.2.18 dd)
Indication of the date after which ME equipment, part or accessory should not be used, if| 201.7.2.101 b) 3)
applicable
Mandatory action safety sign: follow instructions for use 201.7.2.3
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Subclause
201.7.2.18 bb)
201.7.2.101 b) 4)

Description of marking

Rated range of gas pressure

Warning not to obstruct the gas intake port, if applicable

201.C.102  Accompanying documents, general

Additional requirements for general information to be included in the accompanying documents
of a ventilator or its parts are found in Table 201.C.102.

Table 201.C.102 — Accompanying documents, general

Description of requirement Subclause

201.102.2 a)
201.102.2b) 1)

For each VBS and accessory, the model or type reference of at least one compatible ventilator

For each VBS, part and accessory, a statement to the effect that ventilator breathing
systems, their parts and accessories are validated for use with specific ventilators

For each VBS, part and accessory, a statement to the effect that incompatible parts can 201.102.2b) 3)

result in degraded performance

For each VBS, part and accessory, a statement to the effect that theé. responsible 201.102.2b) 3)
organization is responsible for ensuring the compatibility of the ventilator and all of the

parts used to connect to the patient before use

Maximum time-weighted average input flow for each gas, if applicable 201.4.11.101.2 b)3)i)
Maximum transient input flow for each gas, if applicable 201.4.11.101.2 b)3)ii)
Means by which the obstruction alarm condition is detérmined 201.12.4.108 g) 1)
Means to test the obstruction alarm condition 201.12.4.108 g) 2)
Name 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

Units of measure for volumes, flows and\éakages, for other than the VBS 201.7.4.3 aa
Units of measure for volumes, flows and leakages, for the VBS 201.7.4.3 bb

Ventilator is a high-flow deviee.warning, if applicable 201.4.11.101.2 b)B)iii)

201.C.103  Accompanying documents, instructions for use

Afditional requizements for information to be included in the instructions for use of a ventilator
of its parts aréfound in Table 201.C.103.

Table 201.C.103 — Instructions for use

Description of requirement Subclause

Accuracy of expired volume monitoring equipment, tidal volume >50 ml 201.12.4.103.1d)

Accuracy of expired volume monitoring equipment, tidal volume <50 ml 201.12.4.103.2 b)

201.12.1.104 a)
201.7.9.2.14.101 b) 2)

Accuracy of the inspiratory volume monitoring equipment, if so equipped

Any adverse effect of any recommended accessory on the basic safety or essential
performance of the ventilator, if applicable

201.7.2.13.101 d)
201.7.9.2.9.101 f)
201.9.6.2.101 b) 2)

Any natural rubber latex-containing components, if applicable

Any special storage, handling or operating instructions

A-weighted sound power level emitted by the ventilator
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Description of requirement

Subclause

A-weighted sound pressure level emitted by the ventilator

201.9.6.2.101 a) 2)

Behaviour of the ventilator after a switchover to the external reserve electrical power
source

201.11.8.101 i) 2)

Behaviour of the ventilator after a switchover to the internal electrical power source

201.11.8.101 i) 1)

Behaviour of the ventilator while the external reserve electrical power source is recharging

201.11.8.101 ) 2)

Behaviour of the ventilator while the internal electrical power source is recharging

201.11.8.101j) 1)

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

201.7.9.2.9.101 ¢)

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

201.7.9.2.9.101g)

Cros$ reference to the additional information in the technical description, if the technical
desctription is separable

201.7.9.2.16.101 b)

Description of the algorithm that determines the alarm limit values of expired volume
moniforing equipment, if so equipped

201.12.4.103.1j)
201.12.4.103.2 g)

Disclpsure of any restrictions on the placing of components within the ventilator breathing
systeln, if applicable

201.7.9.2.14.101b) 1)

For 4 ventilator intended for non-invasive ventilation, a warning statement to,the-effect
that fthe exhaled volume of the patient can differ from the measured exhaled-volume due
to legks around the mask

201.102.7.2 a)

For gventilator intended for non-invasive ventilation, information on how'to connect CO,

moniforing equipment to the VBS shall be disclosed in the instructions for use unless such
equipment is an integral part of the VBS

201.102.7.2 b) 2)

For 3 ventilator, an explanation of the meaning of the IP _¢lassification marked on the
ME eqjuipment

201.7.9.2.9.101d)

For g ventilator, its parts or accessories intended fer.single use, information on known
charjcteristics and technical factors known to thelmanufacturer that could pose a risk if
the ventilator, its parts or accessories would bereused

201.7.9.2.1.101 a)

For dccessories supplied separately where marking the accessory is not practicable, the
requjrements of 201.7.2.4.101

201.7.2.4.101b)

For gach VBS, part and accessoryappropriate precautionary measures for devices that
contgin phthalates for children or treatment of pregnant or nursing women, if applicable

201.11.6.7 5) cc)ii)

For gach VBS, part and accessony, information on residual risks for children or treatment of
preghant or nursing wonmen with devices that contain phthalates

201.11.6.7 5) i)

Indidation as to whether'the ventilator is intended for non-invasive ventilation

201.7.9.2.9.101 ¢)

Inforymation onchew to connect CO2 monitoring equipment, unless such equipment is an
integral partefthe ventilator

201.12.4.104 1) 2)

Informatien‘on how to connect O, monitoring equipment, unless such equipment is an

integralpart of the ventilator

201.12.4.101 6)

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

201.12.4.103.1 0

Intended range of tidal volume

201.7.9.2.1.101 b)

Length of time required for the oxygen concentration in the tidal volume to change from a
volume fraction of 21 % to 90 % of the maximum settable oxygen concentration

201.12.1.105 a)

List of contents of technical description, if the technical description is separable

201.7.9.2.16.101 a)

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

201.12.1.102 b) 1)
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Description of requirement

Subclause

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

201.12.1.101b)

iy

Maximum error of the inspiratory oxygen concentration (0,) at the patient-connection
portin relation to the set value for a volume-control inflation in normal condition

201.12.1.101b)

3)

Maximum error of the inspiratory oxygen concentration (i0,) at the patient-connection
portin relation to the set value for a pressure-control inflation in normal condition

201.12.1.102 b)

3)

201121102h

2)

Maximum error of the PEFEP in relation to the set value for RAP for a pressure-control

inflation in normal condition

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

201.12,13101 b)

2)

Maximum limited pressure

201.729.2.9.101 3

)1)

Means by which the maximum working pressure is accomplished

201.7.9.29.101 3

)3)

Means by which the secondary supply mains can be tested, if provided

201.11.8.101 1§

)

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 3

)3)

Method by which switchover to and operation from the internal electrical power source can
be functionally tested to determine if the ventilator is operating correctly

201.7.9.2.8.101 4

)2)

Method by which the assembled VBS can be functionally tested‘to determine if it is
operating correctly

201.7.9.2.8.101 4

IRy

Operational time of the ventilator when powered from a‘fully charged, aged internal
electrical power source

201.11.8.101.2 g

) 1)

Operational time of the ventilator when powered frony fully charged, external reserve
power source

201.11.8.101.2 g

) 2)

Pass-fail criteria for other inflation-types

201.12.1.103 a)

2)

Performance of other inflation-types in narmal condition

201.12.1.103 a)

1)

Processing procedure instructions forthe ventilator and its accessories

201.11.6.6 cc)

)

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 i

)1)

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

201.7.9.2.9.101 |

) 2)

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

201.7.9.2.9.101 |

) 3)

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

201.7.9.2.9.101 3

)2)

Recommended ventilation-mode and settings for closed suctioning

201.9.101 a)

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

201.7.9.2.9.101 3

)4)

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

201.7.9.2.14.101 a)

Statement to the effect that the ventilator is to be equipped with O, monitoring equipment

for the measurement of inspiratory oxygen concentration before being put into service, if
not so equipped

201.12.4.101 a)

iy

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

201.12.4.104 1) 1)

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

201.7.9.2.9.101 a) 5)

© IS0 2020 - All rights reserved

69


https://standardsiso.com/api/?name=78164a44b800e8adec9c5c39e15c41bb

ISO 80601-2-12:2020(E)

201.C.104

Addition

Description of requirement

Subclause

Warning statement to the effect that adding attachments or accessories to the ventilator
that are notlisted 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 or serious deterioration of health

201.7.9.2.2.101 ¢)

Warning statement to the effect that the responsible organization needs to ensure that the
oxygen source is compatible with the ventilator

201.7.9.2.2.101 h)

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

201.7.9.2.2.101 g)

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

201.7.9.2.2.101 a)

Warning statement to the effect that the ventilator shall not be used in a hyperbaric
chanjber, if applicable

201.7.9.2.2.101 d)

Warning statement to the effect that the ventilator shall not be used with nitric oxide, if
applicable

201.79.2.2.101 e)

Warning statement to the effect that the ventilator shall not be used with inlet gases, which
are not specified for use (e.g. helium or mixtures with helium), if applicable

201.7.9.2.2.101f)

Warning statement to the effect that when using nebulisation or humidification breathings
system filters and heat and moisture exchangers can require more frequent replacement

201.7.9.2.2.1011)

Warning statement to the effect that, in case of ventilator failure, the lack-of immediate
accegs to appropriate alternative means of ventilation can result in patient déath or serious
deterioration of health

201.7.9.2.2.101 b)

Whidh 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
singlg fault condition

201.7.9.2.12 aa)

or its parts are found in Table 201.C.104.

70

Table201.C.104 — Technical description

Accompanying documents, technical description

al requirements for informationito be included in the technical description of a ventilat

Description of requirement

Subclause

Descfiption of a methodfor checking the function of the alarm system for each of the alarm
cond]tions specifieddn'this document

201.7.9.3.101 a)

Descliption of which checks are performed automatically for checking the function of the
alarm system<fox €ach of the alarm conditions specified in this document

201.7.9.3.101 b)

Disclpsufe, of the essential technical characteristics of each recommended breathing system
filter| ifapplicable

201.7.9.3.1.101 d)

pr

Disclosure of the uncertainty for each disclosed tolerance

201.5.101.3 b)

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

201.7.9.3.1.101 b)

Summary description of the filtering or smoothing techniques for all measured or computed
variables that are displayed or used for control

201.7.9.3.1.101 a)

Summary description of the means of initiating and terminating the inflation phase in each
ventilation-mode of the ventilator

201.7.9.3.1.101 ¢)
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(informative)

ISO 80601-2-12:2020(E)

Symbols on marking

IEC 60601-1:2005+AMD1:2012, Annex D applies, except as follows:

Alldition:

Table 201.D.2.101 — Additional symbols on marking

Symbol

Reference

Title and description

(YYYY-MM)

IEC 60878:2015[27]

Symbol 5.1.4 of
IS0 15223-1:2016

ISO 7000-2607

Use by date

On packaging\To indicate that the d
should not‘“be used after the
accompanying the symbol, for exampld
medical-/device or its packaging.
expiration date can be a year, year
month, or year, month, day. The date sh
shown adjacent to the symbol. The date
for example be given as follows: 1997-0

The date shall be expressed as in

ISO 8601:2019128] as four digits for the
and, where appropriate, two digits for {
month and two digits for the day. For s
medical devices (e.g. IVDs), this date is
valid when the medical device is unope

evice
date
ona
The
and
hll be
may
6-12.

year
he

bme
only
ned.

STERILE

IEC 60878:2015(27]

Symbol 5.2.1 of
IS0 15223-1:2016

ISO 7000-2499

Sterile

On medical devices or its packages. To
indicate that the device is provided ste

Indicates a medical device that has bee
subjected to a sterilization process.

NOTE Use of this symbol precludes the use
symbols 2500, 2501, 2502 or 2503.

ile.

STERILE| A

IEC 60878:2015[27]

Symbol 5.2.2 of
IS0 15223-1:2016

ISO 7000-2500

Sterilized using aseptic processing
techniques

On medical devices or its packages. To
indicate that the device is provided ste
and has been sterilized using aseptic
processing techniques.

Indicates a medical device that has bee

ile

manulactured Using accepted aseptic
techniques.

NOTE 1 Aseptic techniques can include
filtration.

NOTE 2 Use of this symbol precludes the use of

symbol 2499.
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No Symbol Reference Title and description
4 IEC 60878:2015[271 Sterilized using ethylene oxide
Symbol 5.2.3 of On medical devices or its packages. To
ISO 15223-1:2016 indicate that the device is provided sterile
and has been sterilized using ethylene
IS0 7000-2501 .
ETEFIILE E0| oxide.
Indicates a medical device that has been
sterilized using ethylene oxide.
r‘{'UTE 'U'bC Uf L}lib b_ylll‘UU} Pl cdudca L}lU usc Uf
symbol 2499.
5 IEC 60878:2015[27 Sterilized using irradiation
Symbol 5.2.4 of On medical devices or its packages;To
ISO 15223-1:2016 indicate that the device is provided sterile
1SO 7000-2502 and has been sterilized using irradiation.
Indicates a medical device that has been
bTEHlLE sterilized using irradiation:
NOTE 1 This symbglean be used to indicate
that the product las\b€en subjected to irradiation
processes.
NOTE 2 Use of this symbol precludes the use of
symbal 2499.
6 IEC 60878:2015[27] Sterilized using steam or dry heat
Symbol 5.2.5 of On medical devices or its packages. To
ISO 15223-1:2016 indicate that the device is provided sterile
1SO 7000-2503 and has been sterilized using steam or dry
ISTERILE heat.
Indicates a medical device that has been
sterilized using steam or dry heat.
NOTE Use of this symbol precludes the use of
symbol 2499.
7 IEC 60878:2015(27] Batch code
Symbol 5.1.5 of To identify the manufacturer’s batch or lot
L 0 T ISO 15223-1:2016 code, for example on a medical device or the
corresponding packaging. The code shall be
1S0 7000-2492 placed adjacent to the symbol.
8 IEC 60878:2015[271 Catalogue number
- Symbol 5.1.6 of To identify the manufacturer’s catalogue
n E F ISO 15223-1:2016 number, for example on a medical device or
the corresponding packaging. The catalogue
1S0 7000-2493 number shall be placed adjacent to the
symbol.
Symbol 5.1.7 of To identify the manufacturer’s serial
SN 1SO 15223-1:2016 number, for example on a medical device or
its packaging. The serial number shall be
150 7000-2498 placed adjacent to the symbol.
10 IEC 60878:2015[27] Presence of, contains, [natural rubber latex]

Symbol 5.4.5 of
IS0 15223-1:2016

ISO 7000-2725

On medical devices: to indicate that the
equipment contains the identified product
or substance.
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No Symbol

Reference

Title and description

11

IEC 60878:2015[27]
ISO 7000-0794

Input; entrance

To identify an entrance, for example
exhaust gas entry for measurement (for
example of CO- value).

For electrical (signal) input use symbol IEC
60417-5034.

12

IEC 60878:2015[27]

Output; exit

ISO 7000-0795

To identify an exit, for example of a
hydraulic pump.

—_—

For electrical (signal) output use,symb
IEC 60417-5035.

13

IEC 60878:2015[27]

ISO 7000-2725
EN 15986:2011

Contains or presence of [XXX]

On medical devicesito indicate that the
equipment contains the identified product
or substancé.

Replace-"XXX" with the symbol or othey
identification of the substance that is
contained or present, where PHT is us¢d for
phthalate.

14

IEC 60878:2015(27]

Symbol 7.3.1-1 of.
IEC 62570:201%

MR Safe

To identify an item which poses no
unacceptable risks to the patient, medidal
staff or other persons within the MR
environment.

-

When color reproduction is not practicp
the symbol may be printed in black and
white. The use of the colored icon is

strongly encouraged for the added visibility
and information provided by the color.

15

IEC 60878:2015(27]

Symbol 7.3.1-2 of
IEC 62570:2014

MR Safe

Alternative graphical symbol
representation. Same meaning as [EC
62570-7.3.1-1.

16

IEC 60878:2015(27]

Symbol 7.3.2 of
IEC 62570:2014

MR Conditional

To identify an item which poses no
unacceptable risks within defined

conditions to the patient, medical staff pr
other persons within the MR environmgnt.

> EH &4 Y

‘VAV'llCll LU}UI I Cpl UduLtiUll ib llUt pl stiL l,
the symbol may be printed in black and
white. The use of the colored icon is
strongly encouraged for the added visibility
and information provided by the color.

The MR Conditional symbol may be
supplemented by supplementary marking
that describes the conditions for which the
item has been demonstrated to be MR
Conditional.
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Annex AA
(informative)

Particular guidance and rationale

AA.1 General guidance

This Annex provides rationale for the important requirements of this document and-isJintended
fgr those who are familiar with the subject of this document but who have not participated in its
development. An understanding of the reasons for the main requirements is conSidered to be
egsential for its proper application. Furthermore, as clinical practice and technology change, it is
believed that rationale for the present requirements will facilitate any revision of this dpcument
necessitated by those developments.

AA.2 Rationale for particular clauses and subclauses

The following are rationales for specific clauses and subclau§e'in this document.
Subclause 201.1.1 — Scope

I§0 80601-2-12 ventilators are not considered a physiologic closed-loop control system djie to the
fact that parameters monitored during delivery‘\of respiratory gases that are also used t¢ control
the delivery of these gases are exclusively physical parameters of the deliverefd gases.
Copnsequently, these parameters are considéred equipment variables as specified in IEC 60601-
1110.

A|pressure-control ventilator thatiuses the breathing system pressure as a feedback tdq control
breathing system pressure is. a~Closed-loop control system, but not a physiologic cldsed-loop
control system. The breathing.system pressure is considered both a 'variable' influenceld by the
plitient physical conditions)and at the same time a 'feedback variable', but it is not a quantity or
condition measured from’the patient’s physiology.

The patient by itssphysical condition is a disturbance on the closed loop system but the ventilator
dpes not adjusp) the ventilation therapy settings based on measurement of these| patient
parameters;

The reguirements of this document do not require the ventilator to adjust ventilation |delivery
pardmeters based on the detection in the change of physiological conditions of the patient. All
automatic adjustments of ventilator equipment parameters or generated glarm conditions are
only based on the measurement of physical variables related to the delivery of breathing gas to
the patient-connection port. In this sense the ventilator ends at the patient-connection port, (i.e.
has no direct contact to the physiological parameters of the patient) and a change in the patient’s
physiological conditions is a disturbance to the ventilator’s control system that does not act to
control the physiological change but continues to control the physical variable(s) to their original
objectives.

Ventilators create alarm conditions when detecting faults in the delivery of breathing gases to the
patient-connection port but do not adjust therapy setting of the ventilator.
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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.

— 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
outputTmmoTitor:

Unlike 3 ventilator, these devices titrate delivery to the patient based on the nféasured
physioldgical parameter. A ventilator will not titrate but will either stop ventilation or|generate
an alarm condition.

Definitipn 201.3.209 — Professional healthcare facility

Unlike the home healthcare environment, the environment in a professional healthcare facility |is
considenjed to be a controlled environment. That is, supply mains\is/reliable with minimum
variatioI and sometimes with backup power. The protective @arth connection is robugt.

Tempergture, humidity and altitude conditions are stable, and disruptions from electromagnetic
disturbances are controlled.

Subclaujse 201.4.3.101 — Additional requirements for\essential performance

The modern critical care ventilator with an active exhalation valve has differing ventilation-modes
that canfconsist of multiple inflation-types. This istecessary as patient response to ventilation fis
unpredi¢table. Patient-initiated breaths or inflations where the inspiration is terminated by the
patient dan have characteristics that are different from those that have been set by the healthcare
professiqnal operator. Essential performdauce as “ventilation within the alarm limits set by the
healthcdlre professional operator” is inclusive of those inflations that the patient modifies outside
of the ventilatory parameters set by -the healthcare professional operator, but still within the
alarm limits which are consideredysafe by the healthcare professional operator.

It is expected that the heglthcare professional operator will set appropriate alarm limits whigh
thereby define the essential'performance for a particular patient.

The disttibuted essential performance criteria captured in Table 201.101 have been identified iy
the committees<as‘the minimum clinical performance necessary to reduce the probability pf
exposing the patient to unacceptable risk. Conformance criteria for some of the clauses within
IEC 606(1-1, this document and the other applicable collateral standards include “maintajn
essential performance”. The committees have recognized the difficulty in confirming that 3ll
aspects of essential performance are maintained when completing longer duration testing.

Footnote a to Table 201.101 indicates methods of evaluating delivery of ventilation as acceptance
criteria following specific tests required by this document. It is intended to provide criteria that
can be used to easily confirm that essential performance has been maintained. Although the
degradations detailed in 202.8.1.101 are associated with immunity testing, the same criteria are
intended to be used when the conformance criteria from any other clause or subclause require
confirmation that essential performance is or has been maintained.

Those aspects of essential performance that cannot be reasonably linked to the conformance
criteria within 202.8.1.101 need to be confirmed via other means. However, one need only
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confirm that the specific requirements indicated in 202.8.1.101 that are likely to have an impact
on specific clinical performance are maintained after testing.

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

Since much of the VBS is likely to be draped over or around the patient, it is likely to come into
direct contact with the patient during normal use. Also of concern are electrical hazards should
any circuitry be incorporated into the VBS. By ensuring that the gas pathways of the VBS 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

Al critical care ventilator designed to be connected to a pressurized gas supply is required to
continue to operate reliably throughout its rated range of supply pressures, but these pressures
cdn only be maintained if the ventilator in normal condition does not attempt to draw mfore flow
friom the gas source than the gas source is designed to supply. It is alse!€xpected that a ventilator
should be designed to prevent an unacceptable risk under possible§ingle fault conditiops of the
pressurized gas supply.

Pressurized medical gas supplies, including medical gas pipeline systems and cylinder pressure
rg¢gulators conforming to current relevant standards,-stupply medical gasses to gas|specific
tgrminal outlets at a pressure that is within an interfationally agreed-upon pressure [range of
280 kPa to 600 kPa under normal condition. It is expected that critical care ventilators should
operate to their declared specification with any supply pressure within this range.

I the case of a pressure regulator failure _the gas supply pressure could rise to the pressure
rg¢gulator’s supply pressure - which can be'cylinder (tank) pressure. To safeguard against this or
‘s-:imilar eventualities, gas-specific medieal gas supply systems are required to be provided with a

eans to limit their output pressure to-not more than 1 000 kPa. All gas-powered ME equipment
slhould be designed so as not to present an unacceptable risk if its supply pressure rises yp to this
value but in the case of critical ¢are ventilators it is considered that, because all the ventilators in
a|critical care unit could bevaffected simultaneously, it is not acceptable that such veptilators
slhould just generate an glarm signal and shut down under these overpressure conditions. For
this reason, there is a(specific requirement that ventilators should continue operatjon with
a¢ceptable performafice so that patients can continue to be ventilated until such time a$ normal
operation can be restored or that alternative means of ventilation can be used.

Ventilators with maximum rated input pressures exceeding 600 kPa are required to fulfil these
conditions at up to twice their maximum rated input pressure.

Uhdéx the single fault condition that the supply pressure of any one gas drops below R80 kPa,
upder steady-state conditions, it is understood that a ventilator cannot be expected to ¢ontinue
to operate on this gas. However, it is required that in this case the ventilator should detect the
unacceptable low pressure, produce an alarm signal and also, in the case of two pressurized gas
supplies, automatically switch to use the other gas source (oxygen or air) to drive the ventilator.
This requirement is stated in 201.13.2.102.

To ensure that the minimum pressure of 280 kPa can be maintained in practice, medical gas
pipeline systems supplying compressed medical gases through gas-specific terminal outlets are
designed so that they can maintain this pressure at the input of gas-powered devices whilst
supplying steady-state flows up to 60 I/min at a single outlet connected directly to the pipeline.
Account is taken of the pressure drop in the pipeline supplying the outlet and the pressure drop
across the terminal unit and the hose assembly connecting the device to the pipeline at 60 1/min.
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The medical gas pipeline system is also required to be capable of supplying sufficient gas that this
flow can be drawn from a predetermined number of adjacent terminal units simultaneously. The
actual number will have been determined during the design and installation of the medical gas
pipeline system by the application of a ‘diversity factor’; a factor agreed between the supplier and
responsible organization to be appropriate for each section of the installation according to the
designated purpose of each area supplied. Recommended diversity factors are formulated to
ensure that the medical gas pipeline system is capable of supplying an average flowrate of
60 1/min to the required proportion of terminal outlets. However, if the flowrate demand from
many adjacent ventilators exceeds 60 1/min there is an increased possibility that the ventilator
input pressure could fall below 280 kPa, mainly because of the increased pressure drop acro$s
the ternjinal unit and input hose (also because of the flow-drop characteristic in the case’pf
pressurg regulators supplying a single terminal outlet).

In addition to steady-state flows of 60 1/min, the switching of the internal pneumatic’system ard
the operption of a patient demand system can result in a ventilator requiring transient input flows
far in ejcess of 60 1/min. Because of the compressibility of gas at pipeline(préssures and the
diametel of piping that is employed in order to minimize pressure drop, such-transient demands
can gengrally be accommodated from the gas stored locally within the pipe work of the medicpl
gas pipeline system. There can be temporary pressure drops of the input pressure at the inlet pf
the ventjlator to below 280 kPa, due to transient flows in excess of 200 1/min (over 3 s), but moft
of thesq drops will be within the supply hose assemblies specified by the manufacturdr.
Manufadturers need to evaluate their own designs to establish-whether any consequent transient
pressurg drop affects the performance of their ventilators when used with recommended supply
hose corffigurations and when connected to alternative gas-<specific terminal outlets such as thoge
fitted to|cylinder pressure regulators conforming to 1S0710524-1:20181291.

Ventilatgrs that can draw greater average or transient flows during intended use are permittef,
but theif accompanying documents are required-to disclose those flows and warn of the need for
a different diversity factor.

The averfage flowrate of 60 1/min is greater than the test flowrate used during the commissioning
of medigal gas pipeline systems. In ‘itself, this should be of no concern because the specific
conditiops 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/SC6, In
consultation with ISO/TC #21/SC1 and ISO/TC 121/SC 3, agreed to the 601/min average
flowratel value, and also tHes200 1/min for up to 3 s transient flows, during the preparation of the
first edition of the currént'series of standards for medical gas pipeline systems and were aware pf
the neefl to satisfynthat specification when finalizing the medical gas pipeline system tept

requirernents.

Manufadturersshould be aware that other standards for supply systems for medical gases permlit
the fitting-of gas-specific terminal outlets to spur systems such as pendant supply units. Suc¢h
subsystemrsTestrictthe flow tirat camr bedrawm fronr their termmimat outtets:

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,
several standard temperatures are used. Whereas 0 °C is used as standard temperature in
physics, either 20 °C or 21,2 °C (70 °F) is often used in engineering. In ventilation, the gas in the
lungs has a temperature identical to body temperature (~37 °C) irrespective of the temperature
of the gas delivered by a ventilator. The volume of a given amount of gas increases by about
13,5 % from 0 °C to 37 °C or by 5,8 % from 20 °C to 37 °C.
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Gas delivery systems supplying pressurized gas to medical equipment, including ventilators,
follow engineering conventions and specify gas quantities and flowrates at STPD conditions. This
practice is followed in this document for all requirements concerning gas input.

However, ventilators conforming with this document are likely to be inflating the patient’s lungs
relative to a local atmospheric pressure between 70 kPa and 110 kPa. In addition, the gas in the
lungs is always saturated with water vapour regardless of the humidity of the gas delivered from
a ventilator. With a standard temperature of 0°C, 11 of gas referenced to STPD (standard
temperature pressure dry) can expand the lungs to 1,81 at a pressure of 70 kPa. In order to have
the values comparable among different ventilators, it is essential that the informatiop for all
véntilators is referenced to the same standard conditions. Because it is the volume of gag and not
the number of molecules that expands the lungs, BTPS is the appropriate sét of reference
conditions to use.

In 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 dgpend on
the type of flow transducer. When a pressure correction is required, this can be adpquately
estimated.

The necessary corrections also depend on the location of the flow transducer in the VBS. The
htimidity of the gas can be zero when the transducep'measures the inspired flow injside the
véntilator. When, however, the flow transducer is located at the Y-piece, the relative humidity
cqdn be anything up to 100 %. When a heat and moisture exchanger is used for humidification, the
ohitput of the flow transducer depends on whethé&¥ it is located distal or proximal to the heat and
mpoisture exchanger. With a blower- or compressor-based ventilator that uses ambient air, the
htimidity of the drawn-in air can be unknown to the ventilator. All these effects together will
inevitably introduce some errors in the conversion of the measured flow signal to BTPS reference
conditions. However, these errors are-only in the range of several percent. For tidal|volumes
greater than 50 ml, the committeeccame to the conclusion that the permitted inaccura¢y of the
measurement of *(4 +(15 %)) ml:is sufficiently wide and includes the inaccuracy of the flow
trfansducer and the inaccuracy. of the conversion to BTPS conditions. However, it remains the
rgsponsibility of the manifacturer to verify that the accuracy requirements of 201.12.1 and
201.12.4.103 are met.

Subclause 201.5.101.3 — Ventilator testing errors

When testingVentilator performance, several of the test parameters cannot be measured|{without
significant{degree of measurement uncertainty due to limitations of the accuracy thqt can be
athieved,»particularly when measuring volumes by the integration of rapidly changing flows.

<8}

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

Similarly, it is important for a third-party tester to recognize the significance of the uncertainty
in their own measurements when testing to this document.

In practice, this means that, for example, if a manufacturer determines that a parameter has an
intended tolerance of 10 %, but the measurement uncertainty is +3 %, then the test acceptance
criterion is *7 %. If a third party is testing to this document, they also need to include
measurement uncertainty in their 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.
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Furthermore, the manufacturer is required to disclose the measurement uncertainty for each
declared value in order to provide both information to the responsible organization and guidance
for a third-party tester as to the needed measurement accuracy when testing to this document.

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 a ventilator.

Subclauke 201.7.2.101 — Additional requirements for marking on the outside

ME equi

Essentia

2017/745 General Safety and Performance Requirement, 23.2, places requirements on th
manufadturer of a medical device to include information on the medical device ©1 accessory lab

that inc

instructions". These requirements provide information to the operators affthe medical devi
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device performance or safety.
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se 201.7.9.2.2.101 — Additional requirements for warnings and safety notices

A cover (e.g. a curtain or an unfavourable position of the ventilator) could cause the air inlets or
openings of the enclosure to be partly or fully blocked. Air inlets are inlets for ambient air for
blower-driven ventilators or emergency intake ports.
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Openings in the ventilator housing are required for circulation of air for cooling and removal of
leaked medical gases of the ventilator.

b)

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.

Y

Afditional attachments or other components or subassemblies increase, [the resistance and
compliance of the VBS. The additional flow of a pneumatic nebuliser[1¢] gr,the sampling flow of a
diverting gas monitor could have a negative impact on the accuracyofthe measurement of the
flpwrates and oxygen concentration.

d)

Cpmponents of critical care ventilators are typically notdesigned for the high ambient pressures
a hyperbaric chamber (e.g. 2 000 hPa). Ambient pressure sensors might not be calibrated for
hijgh ambient pressures resulting in severe failure.of the ventilator. The high ambient pressure
also can cause an incorrect measurement of the flowrate and oxygen concentration.

—e
—

The much higher partial pressure of oxygenin a hyperbaric chamber would increase the risk of
fire in the ventilator. A ventilator intended for use in a hyperbaric chamber requires special
design considerations beyond the requirements of this document.

Nijtric oxide can cause significant material compatibility issues with the components of spme VBS
(4.g. flow sensors).

Helium and gas'mixtures with helium have characteristics that are significantly differ¢nt from
those of airgr air-oxygen mixtures. This decreases the accuracy of the flowrate measurement and
impairs<the' ventilation function.

Beeause of the changed oxygen concentration caused by helium or mixtures of helium the
delivered oxygen concentration for the patient would be incorrect. False positive alarm conditions
for both level and low oxygen concentrations can result.

Because of the very low density of helium, the gas leakage in the VBS is also increased. The low
density also has an impact on the measurement of the resistance in the VBS.

9)

The additional gas flow in gas volume reduces the accuracy of the flowrate measurement with a
subsequent impairment of the ventilation function.
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h)

Ventilators need for their proper function a specific range of pressure, flowrate and gas
concentration at the high-pressure input ports. Deviations of the inlet gas concentration for
oxygen can influence the calibration of the oxygen sensor. Significant inaccuracies of the
measurement of inspiratory oxygen concentration can occur.

In case the pressure or the deliverable flow of the central gas supply is too low, the ventilator
would switch over to the remaining gas, e.g. from oxygen to air, with impact on the delivered
oxygen doncentration.

i)

The fung¢tionality of breathing system filters is affected by a number of aspects lof structurg,
properties and local environment.

At the njost 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 pf
a matrix|of solid material with open passageways to allow gas flow.The passageways in such gas
filters afe relatively large compared to the bacteria and virus¢pdrticles that are to be removeg.
The spatial arrangement of the solid part of the filter medium versus the open spaces in the
medium|brings the particles in proximity to the surfaces ef'the medium, where physical forcgs
(electrogtatic 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 care therapy, environmental factors
related to the patient, or the therapy can alterthe performance of the BSF from that which would
occur in|the simple flow of air with suspended microorganisms though the BSF.

One majpr factor is the presence, phase;and amount of 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 aerosol, the water droplets can also be retained by the filter.

The properties‘of’a filter medium that govern the degree to which this interaction with wat¢r
takes place iSrits relative affinity for water. A medium which readily attracts water is termed
“hydrophilic* and a medium which repels water is termed “hydrophobic”. These properties arje
in fact, notdiscrete; butexistomracontinuousscate—Neverthetess; imcommonpartancefittersate

grouped into being (relatively) hydrophilic or hydrophobic.

Another example of liquid phase water can be termed “bulk water”. An example of this is the
collected condensate that occurs in the expiratory limb of the VBS. Depending on the management
of the circuit, 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 of the filter medium. This requires relatively low pressure for a hydrophilic filter and
relatively high pressure for a hydrophobic filter.
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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 taking to remove the bulk
water.

In addition, there can be a temporal aspect to the properties of relative hydrophilicity or
hydrophobicity; whereby prolonged exposure to water alters these properties during the
expected service life of the BSF. A BSF is typically labelled with an expected service life, [in hours
oy 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 andesthesia
and respiratory care applications, although many, if not most, BSFs are indicated for us¢ in both
applications.

Afditional effects on BSF functionality can be caused by the introdudtion of substances other than

ater or gas into the device. Such substances can originate from the patient (e.g. [sputum,
exudates, blood, vomitus) or substances introduced by theyoperator into the VBS (e|g. gross
amounts of medications intended to be nebulised(1¢] for administration though the VBS)

The effect of such substances can be an increase in flow resistance of varying degree up to
complete occlusion at ventilator or physiologic pressures. In the case of nebulised medjications,
the type of nebuliserl!6], and its operating parameters are variables that affect the likelfhood or
magnitude of significantly increased BSF flowresistance during a prescribed medication regimen.
It should be mentioned that accidental infroduction of gross amounts of medication from the
nebuliser reservoir during operator or patient manipulation of the VBS has been implicated as a
squrce of acute BSF blockage.

The cause of increased flow resistance in a BSF can be gross blockage of the medium passages, or
the effects of surfactant properties of the substances introduced into the BSF ujpon the
hydrophobicity of the filter medium. It should be noted that medications indicated for
nebulisation can contaif surfactant materials that are not identified in the medications’ Jabelling
wlith respect to their(présence or their quantity, and these can change without notice for a given
medication. The effect of these substances upon flow resistance differs among individual models
and brands of BSFs.

The operator needs to be aware that the effects of such substances can be manifested as increases
il the_amount of positive airway pressure required for a ventilator-provided breath, pr as an
iffcrease in expiratory flow resistance, resulting in a step-wise increase in intrapulmonary
préssure that, if not detected, can lead to pneumothorax. ll

Awareness of the possibility, albeit infrequent or rare, of such significant increases in BSF flow
resistance, and inclusion in a trouble-shooting scheme for this and other causes of impaired
ventilation can reduce or eliminate adverse events occurring secondary to BSF flow occlusion.

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

Once a BSF is recognized to be a source of impaired ventilation, simply removing the occluded
BSF and replacing it with another BSF returns ventilation to a normal state.
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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 ventilator, as well the measuring sensors and the alarm signal
generation.

Subclause 201.7.9.2.9.101 — Additional requirements for operating instructions

b)

Some veptilators are designed so that they can operate with higher-than-normal tubjngcirculit
compliance and resistance. This can be required to provide the greater length needed during MRI
procedufes, for example. Thus, knowledge of these VBS characteristics is important for the
healthcdlre professional operator to be aware of the ventilator capability. Also, knowledge of the
maximum VBS resistance (at nominal and maximum flowrates) is important because an occlusign
false posjitive alarm condition can be caused by the use of high-resistance components in the VBS.
These characteristics of the VBS need to be inclusive of any inhalation or'exhalation particle/BSF,
humidifipr, nebuliserl1él, water collection vessels and connectors needed for operation.

Subclaujse 201.7.9.2.14.101 — Additional requirements for accessories, supplementary
equipment, used material

The usel 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 increasé¢s
the risk pf electrical shock to the patient.

Subclause 201.7.9.2.16.101 — Additional_requirements for reference to the technical
descripfion

Instructjons for use are often kept-as simple as possible so that the healthcare professionpl
operatonf can easily find and_<€olow important information. Therefore, more technicpl
information, such as required-by/this subclause, is better placed in the technical descriptiop.
However, without adequate, cross-referencing, a healthcare professional operator facing |a
problem| might not be aware that additional information is readily available in a separate
document.

Subclaujse 201.7.9;3.1.101 — Additional general requirements

a)

The mantujacturer is expected to express the description of the ventilator in general terms so the
reader can understand the important behaviour of the ventilator, e.g. mean values and their time
specifications, number of inflations and delays, etc.

Subclause 201.9.6.2.1.101 — Additional requirements for audible acoustic energy
Table 201.101 — Test conditions for acoustic tests

After due consideration, the committee decided that where this document specifies adjoining
ranges for variables as the basis for testing and the declaration of performance, the end value of
both ranges should be applicable to both ranges. This means that a manufacturer is free to use a
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round number end value (e.g. 300 ml) in specifications and is not forced to truncate artificially
the declared range in order to avoid having to satisfy also the test requirements of the adjacent
range. This permits, for example, one ventilator to have a declared tidal volume range of 300 ml
to 1 000 ml and another 100 ml to 300 ml, with each ventilator only being required to be tested
for the conditions specified for 2300 ml or <300 ml respectively.

Subclause 201.9.101 — Additional requirements for suction procedures

al care areas to use a closed su artificial
sed suction catheter allows uninte entilation
ithout disconnection of the VBS from the tracheal tube, tracheostomy tube or other airway!deyice. This

is|in contrast to the use of a traditional open suction catheter which requires the opening or-discdnnection
of the VBS before application of subatmospheric pressure to the respiratory tract.

Al closed suction catheter is provided with an adaptor that permits its conhection at thq patient-
cannection port. When used as intended, an in-line or closed suction eatheter and related suction
S%uipment become an accessory to the ventilator and an extension of thé(VBS. When a VBS is equipped
p

th a suction catheter adaptor, the patient end of the closed suction catheter adaptor becomes the new’
tient-connection port.

While use of closed suction catheters is regarded as expected\hormal use by a healthcare professional
operator, the related subatmospheric pressures within the"VBS have been known to damage some
véntilators(301i31],

The purpose of this requirement and test smethod is to replicate these worst-casg in-use
conditions caused by a closed suction catheter and to demonstrate that a ventilator resumes
intended function after (but not during) thé’use of a suction catheter.

Subclause 201.11.1.2.2 — Applied pdrts 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(32l. Fully spturated
gas at 45 °C can be inspirédfor up to 1 h without damaging the mucosa of the respiratory|tract(33l.
Al more recent study-reported tolerance of inspired gas temperatures of 46,9 °C to|49,3 °C,
100 % RH (256 kJ/kg)for 45 min[34],

When considering gas mixtures other than oxygen/air, the following should be observedd. Given
that most ofithe energy is contained in the water vapour, the equivalent of air at 43 °C, 1p0 % RH
is|the mak%imum enthalpy that should be allowed. This has a specific volume of 0,978 6 m3/kg of
dry air~and an enthalpy content of 197 k]J/m3 of dry air. Assuming the volume breathe/d by the
pqitient'is the same whatever gas mixture is used, then the safe enthalpy limit is 197 k] /3 of dry

gas This pnfh;ﬂpy per unit volume givpc amore relevant measure of the energy deliveréed to the

patient.

Taking into account the enthalpy of inspired gas that has been shown to be tolerated without
causing thermal injury to the human airways and the very short exposure times of thermal
overshoot from a ventilator in clinical practice, the delivered gas energy limit of 197 k] /m3 of dry
gas when averaged over 120 s can be used. This allows a safety margin of approximately 25 %
relative to the enthalpy figure of 197 k]/m3 confirmed to be safel33l.

Gas at body temperature and fully saturated (37 °C and 100 % RH) does not transfer thermal
energy to or from the patient with a normal body temperature of 37 °C. Dry gas at body
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temperature (37 °C and 0 % RH) draws heat away through evaporation. Gas at 41 °C and fully
saturated has the capacity to deliver less than 181,3 k]/m3 of dry gas breathed by the patient.

The enthalpy content of 197 k]/m3 has for a long time been in use to limit the energy transfer of
humidified breathing air to the respiratory tract of a patient with bypassed upper airways and
no negative feedback with regard to this limitation was known at the time of the consideration
of this document. Even in the vulnerable neonatal patient population, the committees are aware
of no reports of injury resulting from excessive thermal output from a respiratory gas humidifier
when operating to specification. The committees asked for clinical advice as to whether in
addition| to the enthalpy limitation, the temperature needed also to be limited. A German greup
of clinidians, after considering the issue and the literature available, came to the following
conclusipn:

The literature shows[321[331[34]:
—{ thermal inhalational traumas with temperatures above 100 °C but’ with unknown
humidity content;

— the very low RH of about 5 % only at 100 °C with an enthalpy content of 197 k] /m3;

— the good experience with the limit of enthalpy content«of 197 kJ/m3 of dry air In
humidified breathing gases;

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

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

— an additional temperature limitation is intennded to limit the temperature under worsit-
case condition; and

— a sufficient safety margin to protect the'patient from thermal injuries of its airways.

THe clinician group recommended tokeep the thermal energy limitation of 197 k] /m3
arld add a maximum temperature limitation of 70 °C, whichever is lower. The
cdmmittees agreed and confirmed this proposal.

Subclaujse 201.11.6.5.101 —-Additional requirements for ingress of water or particulate
matter into ME equipment,or ME system

Critical |care ventilators) are life-sustaining. Fluids commonly found in the critical care
environment include)saline, blood and other body fluids.

The committee agreed that the IP22 designation provided the most appropriate requirements to
ensure that \the ventilator, its accessories and parts maintain basic safety and essentipl
performauce during normal use.

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 an unacceptable
risk of the patient, operator or other person being infected as a result of contact with the
ventilator, accessory or part.
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Therefore prior to reuse, ventilators, their accessories and parts require an appropriate level of
disinfection, depending on their use, but rarely need to be sterile.

Recommendations for hygienic processing of ventilators, their accessories and parts are based on
the general hygiene requirements for the processing of medical devices and need to take into
consideration the special requirements and needs of patient care in the clinical environment. The
requirements for hygienic processing in this document are intended to:

— make the responsible organization for processing the ventilator aware of how to implement
these tasks 1n a responsible manner through appropriate delegation; and

—+ help all parties involved in the processing of ventilators, their accessoriesyand [parts to
conform with the manufacturer’s instructions.

The cleaning and disinfection procedures of the manufacturer are also\intended to|provide
practical support to all those involved in patient care in the clinical enyironment with regard to
implementing the hygiene measures required for the patient’s safety;

The manufacturer is encouraged to concentrate on four esSential aspects of cleaniing and
disinfection:

a] the external enclosure of the ventilator;

b) the ventilator’s removable breathing circuit, ineluding accessories and parts (e.g. humidifier,
removable flow sensor, connectors, water traps, breathing system filters);

c] theinternal gas pathways that can beconie 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 normally replaced or processed petween
patients; and

d) the internal gas pathways-that cannot become contaminated with body fluids or by
contaminants carried bjrexpired gases during normal condition or single fault c¢ndition,
which generally reside)within the ventilator’s enclosure and are not normally remjoved or
processed between ‘pdtients.

Regarding the clegning 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 partjes from
pathogenic)contamination. Manufacturers are required to document these procedurds in the
agcompanying documents of the ventilator. Since the gas pathways described in d) abové are not
cTntaminated by a patient, manufacturers are not required to provide, validated procedures for
pracessing them. Item ) and to some extent item d), the disinfection of the ventilator’slinternal
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
ventilator from one patient to another.
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In the event that the responsible organization suspects that the internal gas pathways of a given
ventilator might have become contaminated with pathogenic material from the previous patient,
the committee suggests a three-step process in the following order to assess next actions:

— ensure that the breathing circuit and all accessories have been removed and dealt with

acco

rding 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]
and
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after executing the previous two steps, swab the inner surfaces of the gas output\po
gas return port and culture the swabs to determine if pathogenic material is present.

gious pathogens are detected, the responsible organization should,follow tk
turer’s processing procedures found in the accompanying documents to protect the ne
raregivers, technicians and third parties from those detected pathogens. The responsib
tion should be aware that sensitive and expensive sensors are likely.to be located in t}

ate and possibly fragile sensors are not damaged during the processing procedure.

us pathogenic microorganisms until proven otherwise. Appropriate handling arn
ng procedures are essential to protect the next person handling the device or the ne
bn whom the device is used. Hence the gas paethways of ventilators, their reusab
jes and parts that can become contaminated with body fluids or by contaminants carrie
ed gases during normal condition or single fault condition and have been used shoul
quired for appropriate infection control,-undergo a processing procedure following tk
turer’s instructions, prior to reuse by another patient.
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mmended processing procedure 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.

Special consideration of the possible risk associated with the contamination of gas-conducting
components due to the patient’s rebreathing under single fault condition is required.
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On the basis of the above, a verified and validated documented processing procedure needs to be
specified in such detail so 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

— reliability of the documented processing procedures has been verified in practice through
appropriate quality assurance measures by the responsible organization carrying out the
PTOCESSINY ProCedures.

When selecting and evaluating the processing procedures, the manufacturer should cons]der:

— the amount and type of pathogenic microorganisms expected to contaminate the vgntilator,
accessories or parts;

— the risk for the pathogenic microorganisms to be transmitted to thie\patient, operator|or other
persons; and

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

The risks posed by a processed ventilator, accessories 0r_parts are determined by the fpllowing
fqctors:

e] undesired effects, which can result from:

— the previous use,

— the previous processing procedures, and

— transportation and storage;

f)] the risks from subsequent uses, such as the following:
— residues from the previous use (such as secretions, other body fluids, and drugs|);

— residues from the previous processing procedures such as cleaning agents, disinfectants
and other-substances, including their reaction products;

— changes of physical, chemical or functional properties of the device; and

—\changes in the condition of the material (such as accelerated wear apd tear,
embrittlement and changed surface conditions, connectors and adhesive joints)

g) the risk of transmission of any pathogenic microorganisms.

When considering the suitability of the processing procedure 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;

— the cost effectiveness of the processing procedure;
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— the practicability of the processing procedure;

— the availability of the cleaning equipment and the cleaning agents specified in the processing

proc

edure;

— the efficiency of the processing procedure;

— the reproducibility of the processing procedure;
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ufacturer should specify validated automated cleaning and disinfection procedures. |lf
not followed, the effectiveness of the cleaning and disinfection cannot be guaranteegd.
Fameters could include the volume of water~fised, water pressure, temperature, pH,
f cleaning agents and disinfectants, and residéence time.

e the reproducibility of automated processing procedures, tests should be carried out dn
" basis.

pufacturer should ensure that.the specified disinfection procedures are verified to he
dal, fungicidal and virucidal so that the cleaned and disinfected ventilator, accessoriesr{r

not pose an unacceptable'risk of infection by reproductive pathogenic microorganisms
y of these elements, ‘collectively or individually, comes in contact, either directly ¢r
y, with the next patient, operator or another person.

disinfection r¥egquires that the instructions for the disinfectant, especially with regard to
ation and residence time, are followed.

g any.processing procedure, a safety and functional testing of the ventilator (as specifigd
manufacturer’s instructions) needs to be carried out. If necessary, safety-relevapt

functio

Itesting can be carried out directly before use of the ventilator.

The exte

nt and type of the tests depends on the ventilator, accessory or part and these need to be

defined in the accompanying document.

Subclau

se 201.11.8.101 — Additional requirements for interruption of the power

supply/supply mains to ME equipment

The operating time of a battery depends significantly on the number of charging and discharging
cycles. Therefore, the committees decided that the manufacturer has to disclose the operating

timein t

90

he instructions for use with both fresh and with aged batteries.
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For aging a battery, the number of charging and discharging cycles was defined by the committees
as 10 cycles for a stationary ventilator and an additional 40 cycles for a transit-operable
ventilator, which means in total 50 cycles.

The assumption for the 10 cycles for a stationary ventilator was that every month there would
typically be a single power breakdown in the hospital.

The assumption for the 50 cycles for a transit-operable ventilator was that 40 times per year the
ventilator would be used for patient transport within the hospital and that every month there
would typically be a single power breakdown in the hospital.

Subclause 201.12.1 — Accuracy of controls and instruments

The committee considered that the accuracy of set and displayed values is, a key compjonent of
the essential performance of a ventilator (i.e., the delivery of ventilation at the patient-copnection
port within the alarm limits set by the healthcare professional operatoror generation of an alarm
cgndition). The general standard requires manufacturers to declare accuracies and to address the
agsociated risks in the risk management process. One of the assogiated risks is lack of consistency
between manufacturers in their declarations of accuracy, both in“terms of the reference|settings
used and the conditions of testing. Consistency in these situations can only be achieved By means
of internationally agreed standards and these requirements have been formulated in prder to
fylfil this objective.

The test settings and conditions and, for certain-parameters, minimum requirements, gpecified
il this subclause have been selected by the{committee as those necessary to demjpnstrate
adlequate essential performance of a critical care ventilator with regard to the paijameters
s$ecified. The test procedures have been Wwritten as type tests (additional information is [found in
3{135 and Clause 5 of the general standard), with the expectation that manufacturers will design
their own test programmes to ensure that their declared accuracy tolerances for the settings and
conditions specified will encompass’any results obtained by a type test performed in acdordance
V\Tith the test procedures specified in this subclause.

Subclause 201.12.1.101(-)Volume-control inflation-type
b) 3)

Alventilator that)is intended for use with a medical gas pipeline system driven from Oxygen 93
(from an oxygen concentrator) requires a wider rated range of input oxygen concentratiion than
a|ventilator)intended only for use with a medical gas pipeline system driven from oxygén. For a
véntilator intended for use only with oxygen, the rated range of concentration for the oxygen inlet
would, typically be “99,5 % + 0,5 %” (or alternatively “99,0 % to 100,0 %”). For a ventilator
intended for use with a medical gas pipeline system driven hy Oxygen 93, the rated concentration
could be as wide as “90 % to 100 % 02" 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 % 0" and that
does not measure the inlet concentration, and that has a blending accuracy of 4,5 %, would have
a delivered oxygen concentration tolerance of +5 % when used with oxygen, but might have a
delivered oxygen concentration tolerance of +10 % when configured for use with Oxygen 93. The
variation in inlet concentration sums with the blending error term to yield a delivered
concentration error.
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Alternatively, a ventilator with identical blending accuracy of 4,5 % and that measures the inlet
concentration with an accuracy of #1,5 % might have a delivered oxygen concentration tolerance
of £6 % (and a restricted setting range, 21 % to 90 %), when used with Oxygen 93.

The manufacturer is not expected to repeat testing with the oxygen inlet concentration being
varied across the rated range. It is expected that the effect of variation in the inlet oxygen
concentration that is theoretically derived can be used to adjust the results of testing with a
known concentration to determine blending accuracy.

Table 201.104 — Volume-controlled inflation-type testing

The lung resistance values used in Tables 201.104 and 201.105 are essentially unchanged from
the test [cases specified in now withdrawn ASTM F1100:90141l, The only difference has‘been the
addition|of five further infant test cases to extend downwards the range of tidal vdlume.

ASTM F110041] 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 tolerance. However, these have a variation in pressure with flow-that follows a quadratic.
This resplts in an effective increase in resistance with flow, much more~“so than for resistance In
the lung| and also more than for resistance of an endotracheal tube(fETT). While linear resistors
can be g¢onstructed, they typically rely on use of porous media or small-scale laminar-flow
structurgs to achieve a linear pressure-flow profile, and are more’difficult to manufacture to cloge
toleranck.

In the fist edition of ISO 80601-2-12, the test lung configuration values were retained, however
the tabl¢s were amended to specify use of linear resistance. At the time, this was thought to Qe
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.

Howevef, it has become clear that in semé cases this leads to clinically-implausible test cases,
particularly those test cases that use R200 resistance (intended to represent a 3,0 mm ETT) with
tidal volumes of 30 ml or greateri\Test lung resistors are calibrated at a test flow of 11fs
(60 1/min). Both a parabolic and)a linear resistor with nominal resistance of R200 provide|a
pressur¢ drop of 200 hPa at '60 1/min test flow. However, the parabolic resistor will have|a
pressurg drop of only 50 hPa at a test flow of 30 1/min, while the linear resistor pressure drop fis
100 hPa| The effect is even-more pronounced at lower flow rates - the pressure drop at 15 I/mi]n
is 12,5 hlPa for the parabolic, versus 50 hPa for the linear, resistor.

In normal breathing patterns, flow in the lung is approximately laminar (owing to the
preponderancé.of the resistance being in the very small scale passages in the lower levels of the
tracheoljronichial tree). Typical values for total pulmonary system resistance in mouth-breathing
humans| vary from approximately 20 hPa/(1/s) to 25 hPa/(l/s) in neonates, to less thgn
5hPa/(l/s) in adults(56l. These values are significantly increased in restrictive airway disease.
However the very high values of resistance found in the ventilator test case tables largely
represent the resistance of the ETT.

Measurements of pressure drop versus flowrate for seven sizes of ETTs have been publishedI[571.
A 7,0 mm ETT 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 ETT, the resistance changes significantly as flow increases above a critical
value, which represents the onset of turbulence. Figure AA.1 demonstrates this effect.
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The critical flow ranges from 0,25 1/s for a 3,5 mm ETT, to 0,63 1/s for a 7,0 mm ETT. The critical
flow is evident in Figure AA.1 as a notch in the pressure curve at approximately 12 1/min (0,2 1/s).
Below the critical flow, the pressure drop scales approximately as flow to power 1,3, while above
the critical flow the pressure drop scales approximately as flow to power 1,8.

Table AA.1 shows the test cases from Table 201.103 in the previous edition of this document, i.e.
ISO 80601-2-12:2011. The first five columns are taken from that table. It should be noted that
parabolic resistors are commonly available in a limited number of values, typically Rp5, Rp20,
Rp50, and Rp200, and that the table was constructed to use these standard values.

The next two columns show the average flow required (assuming a rectangular flow wgveform)
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 cpse flow
agsuming a parabolic resistor, or a linear resistor, respectively.
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Key
P| isthe pressure drop in hPa
Q| isthe flowrate in 1/min

Higure AA.1 — Pressure drop calculation for 3,0 mm ETT, 100 % RH room air at s€a level,
37°C, using approach specified in Reference [57]

Itis clear thdt changing the resistor specification from parabolic to linear has very significantly
altered thé’pressure drop due to resistance in all test cases with a tidal volume less than 300 ml.
I seyeral cases, such as #11, #13 and #15, the resulting pressure drop is far in exce$s of the
pressure drop appropriate to this patient model. However, in other test cases such as #18
through #21, tThe parabolic resistor IS clearly too [ow a resistance to be appropriate.

Calculated pressure drop across a number of sizes of ETT tube at specified flow rates appropriate
to that size patient are tabulated in Table AA.2, expressed both as actual pressure drop, and as a
resistance value (expressed in hPa/(1/s)).

The test cases need to account for both the resistance of the endotracheal tube, and the resistance
of the patient’s pulmonary system. This suggests that for tidal volumes of no greater than 20 ml
(test cases #16 - #21) resistance values of 50 hPa/(l/s) to 200 hPa/(1/s) remain appropriate. For
test cases with tidal 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,
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resistance values should be 5 hPa/(1/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.

Table AA.1 — Flow and pressure drop for linear and parabolic resistors

Test c R Veidal Inspl:ratory Mean Peak Parabolic Linear
# time flow, flow, AP AP
ml/hPa hPa/(l/s) ml S 1/min 1/min hPa hPa
1 50 5 500 1 30 60 5,0 5,0
2 50 20 500 1 30 60 20,0 2070
3 20 5 500 1 30 60 5,0 50
4 20 20 500 1 30 60 20,0 20,0
5 20 20 300 1 18 36 7,2 12,0
6 20 50 300 1 18 36 18,0 30,0
7 10 50 300 1 18 36 18,0 30,0
8 10 20 200 1 12 24 3,2 8,0
9 3 20 50 0,6 5 10 0,6 3,3
10 3 50 50 0,6 5 10 1,4 8,3
11 3 200 50 0,6 5 10 5,6 33,3
12 3 50 30 0,6 3 6 0,5 5,0
13 3 200 30 0,6 3 6 2,0 20,0
14 1 50 30 0,6 3 6 0,5 5,0
15 1 200 30 0,6 3 6 2,0 20,0
16 1 200 20 0,4 3 6 2,0 20,0
17 1 200 15 0,4 2,25 4,5 1,13 15,0
18 1 50 10 0,4 1,5 3 0,13 2,5
19 0,5 50 5 0,4 0,75 1,5 0,03 1,3
20 0,5 200 5 0,4 0,75 1,5 0,13 5,0
21 0,5 200 5 0,4 0,75 1,5 0,13 5,0
Table AA.2 — Flow and pressure drop for linear and parabolic resistors
ETT diameter Test case flow Pressure drnp Resistance
mm 1/min hPa hPa/(l/s)
2,5 0,5 0,36 43
2,5 2,0 1,96 59
3,0 1,0 0,4 23
3,0 4,0 2,3 35
4,0 3,0 0,5 9
4,0 10,0 2,5 15
5,0 5,0 0,4 4,5
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ETT diameter Test case flow Pressure drop Resistance
mm 1/min hPa hPa/(1/s)
5,0 24,0 3,6 9,0
7,0 20,0 0,6 1,8
7,0 60,0 3,7 3,7

Subclause 201.12.1.102 — Pressure-control inflation-type

b) 3)

Thble 201.105 — Pressure-control inflation-type testing
S¢e rationale for Table 201.104.

S¢e rationale for 201.12.1.101 b) 3).

Subclause 201.12.1.104 — Inspiratory volume monitoring

decrease of the compliance in the respiratory system.“A continual overstretching resu
irlcrease in the water content of the lungs and microscopic evidence of alveolar and in
og¢dema, alveolar haemorrhage and neutrophil infiltration[3¢l. The immature lung is e

modelling and airway hyper-responsivengss' in infant rats(38l. In addition the early
aijrway hyper-responsiveness is a predictor of bronchopulmonary dysplasia in human in|
afondition resulting in permanent lung injury(19l. As a result, the healthcare professional

of the patient’s ventilation.

Ap with the measurement ofiairway pressure, the site of the volume measurement is not s

is| found in the ratiopale”for 201.12.1.102). The permissible errors in measurement o
pressure and inspifatory volume are reasonable for patients that require more thg
inspiratory volunie;i.e. there is little risk associated with under-ventilating such patient
lgss true for sialler patients, particularly those requiring tidal volumes of less than 50
stiff lungs insa-volume-control inflation-type.

For neomatal and infant patients, it is not practicable to mandate an accuracy specific

volume monitoring. In ventilator use-cases that do not include a flow sensor at the
‘‘‘‘‘ hitracting tha £ Jda]

Eyidence is accumulating that both volutrauma and barotrauma can result in resgpiratory
morbidity and affect long-term respiratory outcome, Oyerstretching of the lung results in a

[ts in an
ferstitial
specially

vililnerable to injury due to overstretchingl37\>Volutrauma has been characterized by airway

onset of
fants(37],
bperator

needs to know both the inspiratory velume and airway pressure to be able to assess the adequacy

pecified,

but the value is required to’be referenced to the patient-connection port (additional infqrmation

f airway
n 50 ml
5. This is
ml, with

ition for
patient-

I nApctIan Ao + thic can Anlyy o Activn b d 1 1 voligman nctirnatnd
TrrrreToIurTIt lJUI ¢, UiIio vaIll Ulll] e CotllIliiactceuu UJ SUULT u\lells CITCO CIvuUurT vorurIrii© Ccourliiialteuu

s lost to

the compliance of the VBS from the tidal volume as measured by flow sensors in the ventilator.
For those patients requiring tidal volumes of less than 50 ml, this circuit compliance volume can
significantly exceed the tolerance mandated in this subclause.

There can be clinical reasons why it is not appropriate to use a flow sensor at the patient-
connection port for some patients. Such a flow sensor would add a dead space to the VBS, which
increases rebreathing, and imposes an additional ventilatory burden. In addition, the mass of the
flow sensor can contribute to unintended extubation, which can contraindicate use in some
infants.
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As a consequence, the accuracy specification for volume monitoring with tidal volumes of less
than 50 ml has been left as a manufacturer disclosure.

Subclause 201.12.1.105 — Response of the ventilator to an increase in 0, concentration

It is important that changes in the delivered oxygen concentration can be made without major
delay. This is especially relevant in cases where a rapid increase of the inspired oxygen
concentration is necessary for patient care. For instance, it is common practice to preload the

patient x zith high concentrations of oxvgen for a briefneriod prior to open suctioning npnpndirg
=] J O r r r [=] r

on the dpsign of the ventilator and depending on the settings, significant delays can occur.

The committee could not develop a maximum delay as there are too many possible .clinicpl
scenarios. However, the healthcare professional operator needs to know how a ventilator will
respond| particularly to a request for a sudden increase in oxygen concentration delivery.

As aresylt, a test method has been developed. The results of this test are required to be disclosgd
in the inftructions for use so that an healthcare professional operator can.effectively care for the
patient.

Subclaujse 201.12.4.102 — Measurement of airway pressure
Additiorlal information is found in the rationale for subclause‘201.12.1.104.

The sitefin the VBS at which pressure is sensed varies fr@m ventilator to ventilator. Generally, the
manufadturer chooses one of two strategies:

— meapuring the airway pressure by direct sampling at the patient-connection port: or

— indirectly estimating the pressure at the patient-connection port by measuring the pressuregs
at two locations in the ventilator, on.the inspiratory side of the VBS (at the “to patient” por})
and jon the expiratory side of the WVBS (at the “from patient” port), and, after mathematicpl
manjpulation, averaging the two values.

Even if the first strategy is chiesen, the actual pressure transducer will be located inside of the
ventilatqr enclosure with natrow-diameter “plastic” tubing linking the pressure-sampling port at
the patignt-connection port'to the sampling nipple on the pressure transducer. And for safety
reasons p separate trannsducer will likely measure the pressure on the inspiratory side at the “to
patient”port. The displayed airway pressure, however, is always expected to estimate accurately
the true [value that would be measured at the patient-connection port. Pressure measurement vja
the first|{strategy ‘accurately reflects the true airway pressure within the error of the pressure
transduger.

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
pressure. However, if “bias” or “base” flows during inspiration and exhalation result in significant
pressure losses across these individual limbs, these pressure losses need to be estimated. The
airway pressure on the inspiratory side, p! (¢), can be approximated by Formula (A.1):
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Py(t) = Pi(t) = V1(t) X Ry (A1)

where
Py(t) isthe measured pressure on the inspiratory side of the VBS,

Vi(t) is the flow in the inspiratory limb, and

R, is the resistance of the inspiratory limb.

The airway pressure on the expiratory side, pE (¢), can be approximated by Formula (A.2):

Py (t) = Pg(t) + Vg(t) X Ry (AD)
where

Pg(t) isthe measured pressure on the expiratory side of the VBS,
Vg(t) is the flow in the expiratory limb, and

Rg is the resistance of the expiratory limb.

Taking the average of the inspiratory and expiratory pressures is shown in Formula (A.3), which
afrives at the best estimate the airway pressure, p, (t).

Py (£)+Py (t)
2

Py (t)= (A.B)

The application of this last method requiresia‘method to estimate R; and Rg. With appropriate
algorithms and regular cross checking -of,the two pressure transducers, the reliability and
ag¢curacy of P, (¢) is assured.

Subclause 201.12.4.103 — Measurement of expired volume and low-volume alarm
conditions

It is desirable to have,a _fast responding measurement of volume and narrow alarin limits.
Hpwever, as there is_often considerable variation in a patient’s ventilatory pressyres and
vplumes, narrow algrm limits inevitably lead to clinically insignificant alarm conditigns. As a
rgsult, healthcareprofessional operators choose to set wide alarm limits to reduce the nimber of
insignificant alanm conditions despite the fact that this can compromise patient care whlen there
is|a prolonged small change in their ventilation. Therefore, it is recommended that a ventilator
b¢ design€d to initially use a lower priority alarm condition, which escalates to a higher|priority
if{the alarm limit violation persists. The initial alarm condition priority and the priorities and
timing of the escalation should be determined by the severity of the potential harm to the patient
in_combination with the length of time that the healthcare professional operator has to|prevent
the harm from occurring.

Subclause 201.12.4.104 — Expiratory end-tidal CO, monitoring equipment

The monitoring of expiratory end-tidal CO; is employed clinically as a surrogate for arterial CO>
tension. It therefore provides an alternative to monitoring expired tidal volume in assessing the
adequacy of ventilation of the lungs. However, in the event of an occlusion or leak within the VBS,
minute ventilation can be significantly reduced, while arterial CO; rises. This can result in
monitored end-tidal CO; values that remain within the clinically acceptable range as the patient
tidal volume is reduced below the level of physiologic dead space. The committee did not believe
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that safety could be ensured through use of monitoring of end-tidal CO; unless either monitoring
inspiratory volume or expired volume was also in use.

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 201.12.4.105 — Maximum limited pressure protection device

When d¢veloping this edition of the document the committees carried out a re-evaluation ofthe
current Jevel of maximum limited pressure.

For several decades, international standards have specified the maximum limited presstre unde¢r
single fault conditions of 125 hPa (125 cmH:0). However, limiting the lung pressure to 125 hFa
(125 cmH:0) is not considered as lung protective. Therefore, it has been suggested that the
maximum limited pressure should be reduced.

In a genpral population, the lung protective ventilation strategy involves'keeping tidal volumes
at 4 ml/kg to 6 ml/kg of predicted body weight (PBW) and preventing lung pressure from
exceeding ~28 hPa (28 cmH;0) and “driving” pressures from exceeding 15 hPa (15 cmH:().
However even while applying this lung protective strategy as described above a limited number
of patidnts need extremely high pressures at the patient-connection port (i.e. >80 hRa
(80 cmHi,0)) due to the extremely high resistance of theirairways (e.g. patients suffering from
an acute|severe asthma).

Another|clinical strategy considered is the use of athigh set rate in order to minimize lung delta
pressurg while maintaining adequate CO; remaval. This requires a short inspiratory duratidn
which if turn requires a high flowrate that requires a pressure at the patient-connection poinpt
that is significantly higher than the pressuge in the patient lung.

High pedk pressure at the patient-connection port can also be necessary for short periods for lung
recruitment manoeuvres in obesepatients.

The Figlire AA.2 illustrates,a pressure waveform during volume-control breath delivery to|a
patient With acute severe asthma. This shows a high peak pressure at the patient-connection poyt
but a myich lower pressure to which the lung of the patient is exposed. The high peak airwqy
pressure| at the patient*connection port is not injurious to the lung, as it does not reach the
patient’d lung. However, if lung would be exposed to these non-acceptable pressures, the lung
would b¢ injured.

Considering'the need to control the risk of a potential barotrauma (i.e. to reduce the maximum

imi rocseyurotho nationtwill he avnacad taundoer cinaglo faoult conditionce ac far ac naccihlol h
Imite )
FeSsSethe-patHent—wihtbe-expoeseato-uhaerSHgre it o oS aSs+Haa5poesSipie b

also considering the need to provide higher pressures under specific clinical conditions, the
committees have developed a new concept which accommodates both the safe pressure
limitation under single fault conditions for each individual patient and the clinical needs of higher
pressures for a specific group of patients.

A review of incident databases did not identify any data demonstrating enhanced safety with a
general pressure limitation lower than 125 hPa (125 cmH;0). Therefore increased patient safety
would not be achieved by reducing the maximum limited pressure below 125 hPa (125 cmH,0),
and such a reduction would prevent required treatment of certain patients and diagnoses.
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This document defines a high pressure alarm condition, with an alarm limit that is configurable
by the operator. Standard clinical practice is to set the high pressure alarm limit to a value that
is a safe maximum peak airway pressure for the patient.

The maximum limited pressure is a secondary means of protection which becomes effective under
single fault condition. In order to apply an appropriate level of maximum limited pressure, while
not preventing effective ventilation with pressures necessary for the specific case, the
committees decided to link the maximum limited pressure to the operator-configured high
pressure alarm limit.
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2| lung pressure, Plung 5 maximum lung pressure, Plungmax
3 BAP
Higure AA.2-"Pressure waveforms as a function of time during volume-controlled breath
delivery to a patient with acute severe asthma
[tlis wery common to use active controlled valves for limiting the maximum pressure. Thesge valves
opémwith a certain response time, which could result in a short pressure overshoot. When open

the flow results in a pressure differential. Both effects together with the tolerance of the pressure
control requires there to be a margin between the high pressure alarm limit and maximum limited
pressure. Taking account of the technology available the committee determined that a margin of
20 hPa (20 cmH;0) between the high pressure alarm limit and maximum limited pressure would
be sufficient.

In order to mitigate for unintentionally inappropriate settings, causing the high pressure alarm
limit to go above at 60 hPa (60 cmH;0) or 20 hPa (20 cmH:0) above the operator-set pressure,
an operator interaction requiring a clear and deliberate action, is introduced. See rationale to
201.12.4.106.
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Subclause 201.12.4.106 — High airway pressure alarm condition and protection device

The high airway pressure alarm condition can occur in several scenarios, with different
appropriate responses. It should be noted that it is implicit that in normal condition, the
exhalation resistance of the VBS (including breathing circuit, filters, and exhalation valve) is
sufficiently low so that the pressure can return to set BAP within one respiratory cycle of the end
of a ventilator inspiration.

e)

Considering the reported incidents of patient harm associated with inappropriate setting ef'the
high airway pressure alarm limit, the committees considered options to ensure that the’alarn
limit is get appropriately to reduce risk of barotrauma.

The gredt majority of patients, ventilated by a ventilator specified by this document, will not negd
more than a 60 hPa (60 cmH;0) high pressure alarm limit for sufficient ventilation. Therefore the
committees determined that an unintentional setting in excess of 60 hPa (60 cmH20) would be
inappropriate.

In order|to control the risk of unintentional settings, causing the high pressure alarm limit to lje
set above 60 hPa (60 cmH20) or 20 hPa (20 cmH20) above the epérator-set pressure, an operator
interaction requiring a clear and deliberate sequence of actions, was introduced to set the high
pressurg alarm limit to values in excess of 60 hPa (60 cmnH>0) or 20 hPa (20 cmH»0) above the
operaton-set pressure.

N

Patient ¢ough

A coughfis a transient forced expiratiop-due to involuntary contraction of the abdominal musclgs
and opehing of the glottis and vocal chords, resulting in a very rapid expiratory flow of shoft
duratior. This is most commonly«riggered 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
pressurg elevation is generated by the patient respiratory muscles. In this scenario, it can be
approprjate to trangsition to exhalation, as this would assist the forced expiration and clearange
of foreign material;i;However, the volume of air ejected has come from the lungs, and the normpl
operation of the\ventilator expiratory phase control of pressure would be sufficient to restore
pressurg to,awvalue close to set BAP, within the normal exhalation period. There is no clinicpl
reason tpopen a pressure-relief valve.

Patient forced expiration

In some cases, a patient can make a forced expiratory effort during the ventilator inflation phase,
resulting in a pressure increase at the patient-connection port. As this is a patient-generated
pressure, the same rationale applied to cough would apply to this scenario, and transition to the
exhalation phase is an appropriate and sufficient response. Even in the worst case, the exhaled
volume would be unlikely to exceed twice the normal exhaled volume, and the time required to
reduce the pressure to set BAP would not significantly exceed one respiratory cycle.

Inappropriate volume for patient compliance
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In a volume-control or volume-targeted ventilation-mode, pressure can exceed the high airway
pressure alarm limit due to a reduced pulmonary compliance. In this scenario it would be
preferable to apply a pressure limitation (with a threshold less than the high airway pressure
alarm limit). However in the absence of this function, the appropriate action would be to
transition to the exhalation phase. As the inspiratory volume is not increased, there is no reason
why the normal operation of the ventilator in the expiratory phase would not reduce the airway
pressure to set BAP within one respiratory cycle.

Inspiratory limb occlusion

In this single fault condition, the patient is not subject to high pressure. Ventilators, that do not
irncorporate a pressure monitoring line from the patient-connection port might/be upable to
differentiate this from a high airway pressure state. Because the patient is not subjectad to the
high airway pressure, the action defined in 201.12.4.108 (obstruction ‘alarm condjtion) is
appropriate to control the risk.

Expiratory limb, breathing system filter or expiratory valve occlusion

For most software-controlled ventilators, this only results.in-a high airway pressune alarm
condition if it occurs during the expiratory phase, as the exhalation valve remains closefd during
véntilator inspiration. In some cases (such as a ‘pressurelimited’ ventilation-mode), the¢ patient
pressure can exceed the alarm limit if the occlusion_prevents the maximum limited ppressure
protection device from operating.

Terminating gas output port flow - either by terminating the inflation phase, or termingting 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 pressurg to start
tq decline’. If the pressure fails to return close to set BAP within one respiratory cyclg, this is
eyidence that the expiratory resistance is excessive, and the ventilator should prqvide an
alternative means to relieve the pressure. Typically this would involve opening some| form of
‘spfety valve’ in the inspiratory'part of the VBS. Assuming that the inspiratory limb of thie circuit
has comparable resistance to the expiratory limb, it can then take one further respiratory cycle
tq restore pressure at or pelow set BAP. Hence the committees have specified that the pressure
is| required to be reduded to set BAP, or atmospheric pressure level, within no more than two
raspiratory cycles or. 15 s.

Flow delivery ‘fails open’

In single fault conditions such as a mechanical failure of a pressure regulator or a flow control
valve, ofka'failure of software control of a flow source, resulting in uncontrolled flow of gps to the
ventilator gas output port, transition to the expiratory phase (which opens the exhalatign valve)
should be sufficient to control the risk. However, the pressure might not reach the lim|t within
200 ms. If the pressure remains above the high airway pressure alarm limit (for example because
of a catastrophic flow valve failure) it can then be appropriate to also open some form of
pressure-relief valve to divert the gas output port flow and restore the patient-connection port to
atmospheric pressure.
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h)
Atmospheric pressure

In normal condition, termination of ventilator inspiration, and the normal action of the expiratory
valve, allows pressure to be relieved to PEEP within one respiratory cycle without loss of control
of PEEP. Normal condition would include any patient-generated effect. However, if there is a
single fault condition, such as an obstruction of the breathing circuit or a flow delivery fault, other
means can be required to reduce the pressure, and in this scenario it is not expected that the
ventilatqr is able to maintain control of PEEP.

Set BAP level

As noted above, the worst-case time required to reduce the airway pressure to a value less thgn
or equal|to set BAP is two respiratory cycles. To account for the possibility that the'mandatory sgt
rate has|been set to a value significantly less than the patient’s normal resting.breathing rate, the
committees have limited the recovery time to a maximum of 15 s. This reflects literature that
shows typical breathing rates in adultsl42], including geriatric populatipns/*3], that are rarely less
than 10 preaths/min, and hence would require no more than 12 s for two respiratory cycles.

Subclaujse 201.12.4.108 - Obstruction alarm condition

Sustaingd elevated airway pressure levels can cause hazardous increases in intra-thoracfc
pressurg. Such pressure increases can result in decreased venous return, reduced cardiac output
and a supsequent drop in arterial blood pressure. Obstruction of the expiratory limb is the mopt
common obstruction in a ventilator. The obstruction of the expiratory limb alarm conditiqn
should be designed to detect promptly a reducediexpiratory flow due to an increased resistange
in the expiratory limb.

The natyire or duration of an occlusion:iir the expiratory limb of the VBS cannot be predicted.
Assumirlg that the occlusion is severe“and the safety valve opens quickly, the patient is not
exposed|to potentially injurious high-pressures, although at the likely expense of the loss of PEEP.
Further |inspirations, whether.or not assisted by the ventilator, necessitate rebreathing the
previougly exhaled gas trapped in the inspiratory limb. Given these considerations and thejir
consequences, the associated’alarm condition is required to be at least medium priority. Evenl|if
the ventjlator is highly sophisticated, the presence of an occlusion in the expiratory limb of the
VBS repiesents a significant corruption of the ventilator’s ability to provide essential respiratory
support|to the patient, which requires prompt action by the healthcare professional operator.

Examplgs of causes for continuing airway pressure include a malfunctioning expiratory valy
kinked fubing and expiratory filter blockage. Nebulised!!6] drugs can block expiratory filters
within alshort time

g

Other consequences of incomplete expiration (increased peak airway pressure or decreased
ventilation) can be detected and indicated by other alarm conditions required by this document.
Practice shows that clinically used alarm limits are not always sensitive enough to provide early
and specific detection of this potentially hazardous situation.

Subclause 201.12.4.109 — Disconnection alarm condition

Disconnection of the ventilator breathing system is a frequent occurrence in the critical care
environment, and yet the only reference on the previous edition of this document is a reference
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in 201.13.2.101 to disruption of the gas delivery to the patient-connection port from the
ventilator.

It is recognized that disconnection leads to a loss of gas exchange, with the possibility of
significant harm or deathl*4l. Many current critical care ventilators generate a technical alarm
condition when this occurs. This amendment adds a mandatory requirement to provide such a
disconnection alarm condition.

Implementation of a disconnect alarm condition can use a variety of technological means to detect
gas flow into and out of the lungs, and these can differ between different groups _of\patients.
Where the disconnect alarm condition detection mechanism uses information fromomne|or more
external sensors, such as for expired CO2, the requirement from Clause 13 of the General §tandard
fqr single fault safety applies. Loss of information from an external sensor would nepd to be
agsessed as a single fault condition.

Detection of disconnection of the breathing gas pathways between the-vertilator and the|patient-
connection port, or disconnection at the patient-connection port, is mandatory.

Il some patient groups, and particularly in neonates ventilated with a narrow lumen
endotracheal tube, it might not be practicable to reliably detect decannulation without using a
seénsor placed between the patient-connection port apd<{the airway device. For example an
expiratory flow or end-tidal CO; sensor.

Hpwever there can be clinical reasons why this is,noet appropriate. Use of either a flow sensor or
ajmainstream EtCO; sensor adds dead space to(thie airway device, which can be very significant
re¢lative to the desired tidal volume. This would increase rebreathing of exhaled gases, and impose
an additional ventilatory burden. This ha¥ been demonstrated to prolong weaning time and
worsen patient outcomel58],

I} addition, the mass of the sensqor-attached to the airway device can increase the incience of
uhintended extubation.

When using a diverting (sidestream) expired CO; monitor, the monitor removes a fixed flowrate
of gas from the patient-connection port. This can exceed the spontaneous inspiratory flow for an
infant patient, and/thereby prevent use of patient-triggered ventilation-modes, resulfing in a
higher imposed work of breathing and patient-ventilator asynchrony.

Ap a consequence, the operator needs to retain the ability to select which monitoring deyices are
attached.to) the VBS, while also being aware of any limitation that the adopted configuration
imposes'on the operation of the alarm system. For this reason, this has been added to Clause 206
tq ensure that the usability process is applied to this scenario.

Critical care ventilators are intended for use in the critical care environment. These settings
provide specialized care for patients with conditions that can be life-threatening and who require
constant monitoring in a professional healthcare facility. Not all patients who are cared for in the
critical care environment are ventilator-dependent, and as a result critical care ventilators can be
used to augment the ventilation of spontaneously breathing patients.

Although some manufacturers have chosen to provide separate ventilation-modes for ventilator-
dependent and non-ventilator-dependent patients, this is discouraged as it leads to operator
confusion. According to ISO 19223, ventilation-modes are classified by the types of inflations that
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are provided, the pattern of initiation, and independently of the intended patient or airway
interface.

In those patients who are not ventilator-dependent, disconnection cannot require prompt
attention from the operator. Alarm fatigue is well-documented in the clinical settingl45], and can
lead to delayed response to those alarm signals that really are critical, including alarm signals
from the ventilators used for ventilator-dependent patients!4¢l, It is desirable to allow the operator
to inactivate this alarm condition to avoid distracting caregivers from other more critical events.

This do¢gument does not address how the operator confirms whether a particular patientjis
ventilatqr-dependent prior to inactivating the disconnection alarm signals. ~Many
implemgntations are possible, for example, this information can be captured during patient
setup; or it can be included as a prompt during the process of inactivation. The manufacturer |is
required to perform usability testing in order to validate the effectiveriess of thejir
implemgntation.

Subclaujse 201.12.101 — Protection against accidental adjustments

Unacceptable risks to the patient can occur as a result of accidentalhadjustments of operating
controls|or turning off the ventilator. To control this risk, the operaten-equipment interface should
be desighed to prevent accidental adjustments. The usability engitieering process is used to ensufre
that thege risks are reduced to acceptable levels. Example methods could include mechanical risk
control fechniques such as locks, shielding, friction-loading and detents; pressure-sensitiye
finger pads; capacitive finger switches; and microprocessor-oriented “soft” risk controls; and|a
specific pequence of key or switch operations.

Subclaujse 201.13.2.101 — Additional specificsingle fault conditions

a)

Disruptipn of the gas delivery to the patient independent of the root cause for the disruption (e.g.
by discohnection or blockage of the inspiratory breathing / tubing system) is the most reasonably
foreseeadble event in the daily practice of ventilation around the world that might quickly lead to
serious {rreversible injury or the death of a ventilator-dependent patient.

b)

Disruptipn of the gas flow pathway between the patient and the ventilator independent of th
root caulse 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 d
the VBS [n-use, might lead to pressure loss. This can consequentially lead to the inability to bui

up a VB nrescure cufficiont +ta vantilato thao nationt which in furthor cancoanaonca miaght load
presstie-Stiee o Ve hthdtetae-parerr Wit e—conse e hce i gntreda
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serious irreversible injury or the death of a ventilator-dependent patient.

c)

Operation of a ventilator without an operator-detachable breathing system filter in place is
considered reasonably foreseeable when considering those parts of the VBS that might become
contaminated with body fluids or by contaminates carried by expired gases. If a ventilator can
operate without the breathing system filter, then one has to assume that it has been operated
without the breathing system filter and therefore those parts of the VBS might have been
contaminated. Additional information is found in the rationale for 201.11.6.6.
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Increased resistance and blockage of a breathing system filter when used together with
nebulization['él or humidification is also considered as failure of an operator-detachable
breathing system filter.

d)

Operation of a ventilator using an operator-detachable remote control or monitoring module is
considered as a state of the art option of today. Independent of how the communication between
the “ventilator module” and the remote control or monitoring module is facilitated (e.g. wired or
Miireless) this communication needs be so designed and constructed that a failure or togs of this
communication does not cause an unacceptable risk to the patient. Further this communication
(d.g. between the “ventilator module”, the remote control or monitoring module, the digtributed
alarm system or a simple remote alarm signal communicator) also needs designed as single fault

sdfe.

Subclause 201.13.2.102 — Failure of one gas supply to a ventilator:

This subclause addresses the hazardous situation created when'\ah entire unit (e.g. the whole
ctitical care unit or all of the operating theatres) experiences‘simultaneous failure of multiple
véntilators caused by the loss of a single pressurized gas source where at least one gas gource is
provided by a pressurized medical gas pipeline system.

EXAMPLE 1 A ventilator is connected to both air and oxygen.medical gas pipeline systems and one of the medical
g4s pipeline systems fails. The ventilator then uses the otherimedical gas pipeline system to supply gas.

EXAMPLE 2 A blower-based ventilator is connectedds.to an oxygen medical gas pipeline system and thpt medical
g4s pipeline system fails. The ventilator then uses the room air provided by its blower.

Subclause 201.13.2.103 — Independence of ventilation control function and related risk
control measures

This requirement prevents the use of a monitoring device to control an actuator that wquld lead
tq an undetected malfunctien-of the actuator in case of monitoring failure.

Subclause 201.13.2.104 — Failure of functional connection to a ventilator comtrol or
monitoring means

«

Independent how the functional connection between the “ventilator module” and thd remote
control or_frenitoring module is facilitated (e.g. wired or wireless) this functional copnection
needs to'be’so designed and constructed that a failure or loss of the functional connectjon does
npt cautse an unacceptable risk to the patient.

Firstof attthis reamsthat thesafety of the putient s ot degraded by thetossof the functional
connection, (i.e. the “ventilator module” continues to ventilate the patient without any change of
the ventilation parameters, without any change of setting of safety means and without any change
of the setting of alarm limits). Further, the healthcare professional operators in both locations
where these modules are located need to be made aware by alarm signals about the loss of this
functional connection (i.e. there is a need for alarm signals on both sides of the functional
connection—at the “ventilation module” and on any other remote control or monitoring module
or the distributed alarm system or the simple remote alarm signal generator).
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Subclause 201.15.3.5.101.1 — Shock and vibration (robustness)

The intention of these tests is to assess mechanical stresses on the ventilator in normal use and
not to assess the suitability of the design for the expected service life or fatigue.

ME equipment, including ventilators, in normal use, used within a professional healthcare facility,
or home healthcare environment will be subjected to mechanical stresses (e.g. vibration, shock)
and could randomly be subjected to additional stresses. Therefore, ME equipment intended to be
used in a professional healthcare facility needs to be robust enough to withstand the vibration
and shogk testing described as level 7M1 by IEC 60721-3-71471. [EC 60721-3-7 indicates thatcthjis
class applies within, and direct transfer between, locations with only low-level vibrations, ot with
medium}level shocks. Careful handling and transfer of products is expected in,thege
environgents.

In reviewing the random vibration tests of IEC 60068-2-64:2008, the committee.determined that
the environment included careful handling in vehicles (including airborne\ehicles). Since|a
critical ¢are ventilator is not intended for such environments, the maxihfum frequency of the
acceleration amplitude was limited to 500 Hz which is more refléective of non-vehicle
environments.

Subclaujse 201.15.3.5.101.2 — Shock and vibration for a transit-operable ventilator during
operation

Transit-pperable ventilators (those intended to operate, while the patient is being transportgd
within afhealthcare facility) are expected to maintain.b@sic safety and essential performance while
they are|being moved. Some degradation is permitted, but the patient is expected to continue to
be adeqpately and safely ventilated. Rationalefor 202.8.101 contains additional informatidn
regarding appropriate acceptance criteria foressential performance.

Subclau;e 201.16.2.101 — Additional .géneral requirements for accompanying documents
of an ME system

Many rejspiratory gas humidifieks)control their humidification output by servo controlling the
temperafture of a water bath.to-achieve a set gas temperature at the humidifier chamber outlqt.
This temperature is frequently defined to be a function of gas flowrate as measured by the
humidifipr, and is defined\to target a desirable absolute humidity - the rate of evaporation pf
water and the rate of¢heat transfer from the water to the air are closely correlated. This works
provided the input{gas temperature is below a threshold. For example, for one leading
manufadturer of humidifiers, the water vapour output starts to reduce when the input gas

2 es a blower to provide a so e of breathing air drawn from an a
intake inevitably increases the temperature of the air above the intake temperature. The extent
of this rise in temperature will depend on the set FiO, (and hence the proportion of the breathing
gas that has been compressed), the blower outlet pressure (which can significantly exceed the
ventilator gas output port pressure), the ventilator set rate, BAP, and set 4 inspiratory pressure or
tidal volume, and the efficiency of the blower technology used.

This has been confirmed in published bench studyl59. This study confirmed that with
unfavourable conditions, specifically humidifier chamber inlet gas temperatures above 37 °C,
humidifier output could fall well below recommended minimum levels of 20 mgH.0/1.
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For a ventilator capable of generating an elevated gas temperature at the gas output port, the
responsible organization needs to have information available to allow them to determine whether

the humidifier is likely to remain effective.
Subclause 201.101.1 — Protection against reverse gas leakage

These conditions are necessary to maintain patient safety by protecting the medical gas
system from contamination via reverse flow.

The basic requirements of this subclause were introduced into standards more than ade
because of the harm due to reverse gas leakage that was known to have occurred. in 'co
wlith medical devices that use multiple gas sources.

With devices fitted with multiple gas intake ports for the same gas, the hazardous situatio
frlom the undetected loss of backup gas supplies due to back leakage into the primary
With gas intake ports for different gasses, the hazard is contamination‘ef one gas sourc
frlom 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.

Ventilators are frequently equipped with multiple gas intake ports either to achieve a gre:
of to use a local backup supply, e.g. a gas cylinder, in parallel with a medical gas pipelin
S{pply. With such systems the backup supply could be*depleted prematurely during use

connected but not in use, could deplete without detection and not be available when req
an emergency.

With a ventilator equipped with more thanone different gas intake port, even very small
frlom one of the gas systems to the other can cause considerable contamination in a me

plpeline system over extended periods during which little flow is withdrawn.

More than 10 y of experience has‘demonstrated that these requirements are effective ris
njeasures.

Subclause 201.101.2.2= Filter
The intention of filtration of the gas from the high-pressure inlet port is to protect the §
frlom a medical gas pipeline systems or from gas cylinders.

The standards for high-pressure oxygen compatibilityl8l and pressure regulators(29 requ
filtering that prevents particles greater than 100 pm from entering. This filtering m
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enriched environment. These standards also emphasize the need to proper filter material.

Despite these requirements, in the following cases particles with larger sizes could occur:

— particles collected in high-pressure input ports and port connectors;

— high-pressure input ports of ventilators while disconnected; or

— malfunction of medical gas pipeline systems, medical air compressors, oxygen concentrators

or filters.
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Depending on the design of a specific ventilator (e.g. in case that particle-sensitive sensors are
used) significantly smaller filter sizes than 100 um can be required.

Subclause 201.101.3.1 — General

Non-standard VBS connectors can represent an unacceptable risk as attempts are made to fit a
standard VBS to a ventilator in an emergency situation. Non-standard VBS connectors can cause
leaks if used with similar but not compatible connectors.

Subclauke 201.101.3.2.5 — Accessory port

The use jof Luer taper or Luer-lock connectors conforming with 1SO 594-1:19861491, 1S0,594-214°]
or ISO 8P369-7:2016[511 are not permitted for use for connection with the gas pathways of a VRS
as therefare several case reports of accidental connection with intravenous fluids and parenterpl
and entdral feeding solutions causing serious morbidity and mortality due to aspiration of thege
foreign qubstances into the lungs.

Subclaujse 201.102.1 — General

[tis the responsibility of the manufacturer of a ventilator breathing system, its parts or accessories
to verify| that their product conforms with the requirements ofthis document.

Subclauise 201.102.4 — Water vapour management

Water npanagement refers to the complete process by which moisture, in the form of water
vapour, s added to the breathing gas delivered to-the patient’s lungs and the process by whic¢h
humidifijed breathing gas is conducted back to the ventilator’s expiratory system and exhaustgd
to the rqom. Intrinsic to this process is the nécessity to remove bulk water due to condensatign
of moisture attributable to pressure and temperature changes in the VBS. Even if breathing gas
reaches |the patient-connection port without any added moisture, the expired breathing gas
directed| back to the ventilator will contain some moisture. Water management in the VRS
requires attention, whether or not:the VBS contains an active humidifier, with or without heatdd
wires in[the inspiratory or the-expiratory limbs of the VBS, or a passive or an active HME at the
patient-¢onnection port.

Proper management of the patient’s airway secretions and mucociliary transport system requires
that the entilator compensate for the humidity deficit caused by intubation, which bypasses the
upper aifways whére the normal humidification process would begin. Excess moisture delivered
to the pqitient-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 pf

the insplredbreathing gas dries the bronchial airways, which leads to thickening of the mucous
secretio H%F%MW@%%@HMW i i i 0

humidification is needed to maintain healthy cilia. Liquefied mucus can be readily aspirated using
a suction catheter.

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, a passive or active HME), condensate can accumulate in
the inspiratory limb of the VBS. If condensation occurs, the VBS will need to provide a method by
which the liquid can be removed.
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In all but the most unusual circumstances, gas leaving the alveoli is saturated at 37 °C. Rainout
persists as the moist gas cools and moves toward the patient-connection port, and is conducted
back to the ventilator. If an HME is fitted at the patient-connection port, approximately 50 % to
70 % of the water vapour will be trapped in the HME. Whatever the configuration of the
expiratory limb of the VBS, the water vapour content of the exhaled gas will be significant, nearing
saturation. Without heated wires, the returning gas cools, causing significant condensation. As in
the inspiratory limb, this liquid needs to be removed. The presence of heated wires in the
expiratory limb lessens or eliminates condensation before the expired gas enters the gas return
port of the ventilator, but from this point to the exhaust port the gas tends to cool further, so more

nlmsture will condense. The VbS needs to include some means to manage this .ad
C

ndensed water.

Subclause 201.102.7.1 — Leakage from complete VBS
Apsuming that the leakage flow can be modelled as if an ideal orifice were‘producing it,
lgakage flowrate would follow Formula (AA.4).

Q. =G*~P (AA.
where

NIV oo

C4

G  isthe orifice conductance and

P isthe driving pressure.

cing the leakage limits given in Table AA.1 and Formula (AA.4), the orifice conductan
e calculated for each of the tidal volume ranges. For example, the leakage limit for tidal

ditional

then the

re G can
volumes

B00 ml is 200 ml/min at a pressureédof 50 cmH;0, which yields a value fgqr G of
B,28 ml/(min-hPal/2). Conductance values for the other tidal volume ranges can be §imilarly
llculated. Table AA.1 summarizes these results.
Table AA.1 — Calculated conductance values by tidal volume range
Tidal volume range Leakage limit Pressure, P Calculated
conductance, ¢
hPa
1 in- 1/
ml ml/min (cmH20) ml/(min-hPal/1)
Vg 50 50 20 11,18
50& Viigar = 300 100 40 15,81
Viidal = 300 200 50 28,28

U
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limit at any pressure. Figure AA.3 demonstrates these relationships.

leakage

Using Figure AA.3, one can derive the 60 hPa (60 cmH;0) VBS leakage flowrate limits. This is the
pressure at which most of the operator-accessible parts of the VBS are specified for leakage
flowrate.

— for Vtidal <50 ml; Qleak =87 ml/mln

— for 50 ml = V4. 2 300 ml, Qieak = 122 ml/min

— for Viga 2 300 ml, Qieak = 219 ml/min

©

ISO 2020 - All rights reserved

109


https://standardsiso.com/api/?name=78164a44b800e8adec9c5c39e15c41bb

ISO 80601-2-12:2020(E)

These leakage flowrate limits represent the permissible leakage of the entire VBS. It is common
to allocate 90 % of the leakage flowrate to the operator-accessible parts of the VBS and 10 % to
the parts of the VBS internal to the ventilator.

Q (ml/min)A
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250 /
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4 6
150 e MJ*‘ =
2 ‘ﬂ.ﬂ
100 ff * . e
50 //- !
71 1
ol >
0 10 20 30 40 50 60 70 80 90 100 P (hPa)
Key
1  leakage limit from ISO 80601-2-12 for Vg, < 50 ml
2 leakage limit from ISO 80601-2-12 for 50 ml 2 V4, 2 300 ml
3 leakage limit from ISO 80601-2-12 for Vg4, = 300 ml
4  leakage limit from ISO 80601-2-13[2
A (blue - Qleak for Vtidal <50ml
B (red) | Qteak for 50 ml 2 V4, = 300 ml
C (green) - Queak for Vijga 2 300 ml
NOTE This assumes leakage behaves as an orifice according to Formula (AA.4).
Figure AA.3 — VBS leakage flowrate limits as a function of pressure as specified in
IS0 80601-2-12 and ISO 80601-2-1312]

Subclaujse 201.102.7.2—"Non-invasive ventilation
The inadcuracies are‘due to the nature of the unintentional leaks (such as those that occur whdn
a patient's mouth opens when on a nasal mask or when the mask seal begins leaking when the
pressurg inside.reaches a certain pressure.
Subclaulse

Electrical or pneumatic power outside the values required for normal operation can affect all
ventilators in a given unit. This is not limited to a loss of power but also includes excessive power.
Although this is an infrequent event, it constitutes a particularly difficult situation because many
or all ventilators can become simultaneously compromised. It is therefore imperative that such a
patient can breathe spontaneously under these conditions until alternative ventilation is
provided.

A previous version of this document (IEC 60601-2-12:2001) required disclosure of the resistance
under failure conditions. Previous standards for critical care ventilators have required that the
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