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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
wiith 1SO, also take part in the work. ISO collaborates closely with the Internationl
Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

The procedures used to develop this document and those intended for its further maintenange
are described in the ISO/IEC Directives, Part 1. In particular the different approval criteria
needed for the different types of ISO documents should be noted. This document was drafted |n
a¢cordance with the editorial rules of the ISO/IEC Directives, Part2 (s¢e
www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of-this document may be the
suybject of patent rights. ISO shall not be held responsible for identifying any or all such patent
rights. Details of any patent rights identified during the develgpment of the document will be |n
the Introduction and/or on the ISO list of pafent declarations received (see
www.iso.org/patents).

Any trade name used in this document is informatian given for the convenience of users and
does not constitute an endorsement.

For an explanation on the meaning of ISO specific terms and expressions related to conformity
agsessment, as well as information abgut ISO's adherence to the World Trade Organizatign
(WTO) principles in the Technicali_Barriers to Trade (TBT) see the following URL:
www.iso.org/iso/foreword.html.

=

The committee responsible_for - this document is ISO/TC 121, Anaesthetic and respiratoly
equipment, Subcommittee SC'3, Lung ventilators and related equipment and IEC/TC 62, Electrical
equipment in medical praéttice, Subcommittee SC 62D, Electromedical equipment.

This first edition of\ISO 80601-2-74 cancels and replaces the third edition of ISO 8185:20071],
which has been~technically revised. It also incorporates the third edition of IEC 606011,
including amendment 1, the fourth edition of IEC 60601-1-2, the third edition of IEC 60601-1-6,
including ameéndment 1, the second edition of IEC 60601-1-8, including amendment 1, and the
second edition of IEC 60601-1-11.

The&most significant changes are the following modifications:

— extending the scope to include the HUMIDIFIER and its ACCESSORIES, where the characteristics
of those ACCESSORIES can affect the BASIC SAFETY and ESSENTIAL PERFORMANCE of the HUMIDIFIER,
and thus not only the HUMIDIFIER itself;

— identification of ESSENTIAL PERFORMANCE for a HUMIDIFIER and its ACCESSORIES;

— modification of the humidification test PROCEDURE and the disclosure of humidification
performance;

© IS0 2017 - All rights reserved \
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— more fully dimensioning the removable temperature sensor port and sensor;

— removal of requirements for so-called “bubble” HUMIDIFIERS as a separate document is being
prepared for themi(8l;

and the following additions:

rnqnirnmnnfe formechanical cfvnngfh (via 1IEC60601-1.1 1)’

— new symbols;

— requirements for a HUMIDIFIER as a component of an ME SYSTEM;

— requirements for ENCLOSURE integrity (water ingress via IEC 60601-1-11);

— requirements for cleaning and disinfection PROCEDURES (via IEC 60601z1-11);
— requirements for BIOCOMPATIBILITY;

— requirements for USABILITY.

Vi © 1S0 2017 - All rights reserved
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Introduction

This document specifies requirements for respiratory humidifying equipment intended for use
on PATIENTS in HOME HEALTHCARE ENVIRONMENT and in healthcare facilities. HUMIDIFIERS are used to
raise the water content of gases delivered to PATIENTS. Gases available for medical use do not
contain sufficient moisture and can damage or irritate the respiratory tract or desiccate

O .!-,! PA 2HAN S ALNOQSE alar= . AL S-1d e _Deen - pnp paSSed naced aLe._n lll a e
PATIENT-CONNECTION PORT can cause drying of the upper airway, or desiccation of trachep-
bronchial secretions in the tracheal or tracheostomy tube, which can cause narrowing 01, évéen
obstruction of the airwayl(1911201. Heat is employed to increase the water output of the HUMIDIFIER.

addition, many HUMIDIFIERS utilize heated BREATHING TUBES in order to increase operatimg
efficiency and reduce water loss (condensate) as well as heat loss in the)\BREATHING TUHE.
Ventilator and anaesthesia BREATHING TUBES in common use might not withstand the hept
geénerated by HUMIDIFIERS and BREATHING TUBE heating mechanisms.

Many HUMIDIFIER MANUFACTURERS use off-the-shelf electrical connectors for their electrically
h¢ated BREATHING TUBES. However, since different MANUFACTURERS, have used the same electridal
connector for different power outputs, electrically heated BREATHING TUBES can be physically, bit
not electrically, interchangeable. Use of improper electrically heated BREATHING TUBES has caused
oyerheating, circuit melting, PATIENT and OPERATOR burns and/fires. It was not found practical fo
specify the interface requirements for electrical connegtors to ensure compatibility betweé¢n
HUMIDIFIERS and BREATHING TUBES produced by different MANUFACTURERS.

Since the safe use of a HUMIDIFIER depends on the. interaction of the HUMIDIFIER with its many
ACCESSORIES, this document sets total system.performance requirements up to the PATIEN[-
CONNECTION PORT. These requirements are applicable to ACCESSORIES such as BREATHING TUBES
(hoth heated and non-heated), temperature sensors and equipment intended to control the
eivironment within these BREATHING TUBES.

Humidification can also be used"by respiratory support ME EQUIPMENT to increase PATIENT
c¢mfort and compliance with the therapy. Examples are obstructive sleep apnoea and nasal high
flow therapy equipment. ThesHUMIDIFICATION OUTPUT requirements of such ME EQUIPMENT is lefs
démanding as the PATIENT'S upper airway is not bypassed.

HPMIDIFIERS are commonly used with air and air-oxygen mixtures and any HUMIDIFIER should be
able to operate with these gases. Care should be taken if using other gas mixes such as helium-
oXxygen mixtures;as‘the different physical and thermal properties of these gases may disturb the
operation of the-HUMIDIFIER.

Ir] this document, the following print types are used:

— Requirements and definitions: roman type;

—t Pest specifications: italic type;

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

— Terms defined in CLAUSE 3 of the general standard, in this document or as noted: small
capitals;

© 1S0 2017 - All rights reserved vii
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In referring to the structure of this document, the term
“clause” means one of the five numbered divisions within the table of contents, inclusive of
all subdivisions (e.g. Clause 201 includes subclauses 201.7, 201.8, etc.);

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

References to clauses within this document are preceded by the term “Clause” followed by the
clpuse 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 tru€ if any
c¢mbination of the conditions is true.

The verbal forms used in this document conform to usage described in Annexi-of the ISO/IEC
Djrectives, Part 2. For the purposes of this document, the auxiliary verb:

— “shall” means that compliance with a requirement or a test is mandatory for compliance with
this document;

— “should” means that compliance with a requirement or a test is recommended but is npt
mandatory for compliance with this document;

— “may” is used to describe a permissible way to achieve compliance with a requirement pr
test.

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.

The attention of Member Bodies and National Committees is drawn to the fact that equipment
manufacturers and testing organizations may need a transitional period following publication pf
anew, amended or revised ISO or IEC publication in which to make products in accordance with
the new requirements and to equip themselves for conducting new or revised tests. It is the
recommendation of the committees that the content of this publication be adopted for
implementation nationally met earlier than 3 years from the date of publication for equipment
newly designed and not éarlier than 5 years from the date of publication for equipment alreadly
in production.

viii © 1S0 2017 - All rights reserved


https://standardsiso.com/api/?name=869eb21e17dda779a7006496f418faaf

INTERNATIONAL STANDARD ISO 80601-2-74:2017(E)

Medical electrical equipment —

Part 2-74: Particular requirements for basic safety and

e

ssential performance of respiratory humidifying equipment

E}
al

E}
IS

D1.1 Scope, object and related standards

€ 60601-1:2005+AMD1:2012, Clause 1 applies, except as follows.

D1.1.1 * Scope

bplacement:

his document applies to the BASIC SAFETY and ESSENTIAL PERFORMANGE of a HUMIDIFIER, al$o
breafter referred to as ME EQUIPMENT, in combination with its ACCESSORIES, the combination al$o
preafter referred to as ME SYSTEM.

his document is also applicable to those ACCESSORIES intended by their MANUFACTURER to be

nnected to a HUMIDIFIER where the characteristics of those ACCESSORIES can affect the BASIC
FETY or ESSENTIAL PERFORMANCE of the HUMIDIFIER.

KAMPLE 1 Heated BREATHING TUBES (heated-wire BREATHING TUBES) or ME EQUIPMENT intended [o
ntrol these heated BREATHING TUBES (heated BREATHING TUBE controllers).

DTE1  Heated BREATHING TUBES and their ;controllers are ME EQUIPMENT and are subject to the
quirements of IEC 60601-1.

DTE 2 1SO 5367 specifies other safety and performance requirements for BREATHING TUBES.

his document includes requirements for the different medical uses of humidification, such as
vasive ventilation, non-invasive ventilation, nasal high-flow therapy, and obstructive sle¢p
bnoea therapy, as well ashwmidification therapy for tracheostomy PATIENTS.

DTE 3 A HUMIDIFIER ¢an be integrated into other equipment. When this is the case, the requirements jof
e other equipment also’apply to the HUMIDIFIER.

KAMPLE 2 Heated HUMIDIFIER incorporated into a critical care ventilator where ISO 80601-2-12[}2
50 applies,

KAMPLE\3 Heated HUMIDIFIER incorporated into a homecare ventilator for dependent PATIENTS whefe
0 80601-2-72[14 also applies.

EXAMPLE 4  Heated HUMIDIFIER incorporated into sleep apnoea therapy equipment where ISO 80601-2-
70113] also applies.

This document also includes requirements for an ACTIVE HME (HEAT AND MOISTURE EXCHANGER),
ME EQUIPMENT which actively adds heat and moisture to increase the humidity level of the gas
delivered from the HME to the PATIENT. This document is not applicable to a passive HME, which
returns a portion of the expired moisture and heat of the PATIENT to the respiratory tract during
inspiration without adding heat or moisture.

©
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NOTE 4 IS0 9360-1[5! and ISO 9360-2[6] specify the safety and performance requirements for a passive
HME.

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

HAZARDS inherent in the intended physiological function of ME EQUIPMENT or ME SYSTEMS within
tHe scope of this document are not covered by Specific requirements in this document except jn
IEC 60601-1:2005+AMD1:2012, 7.2.13 and 8.4.1.

NPTE 5  Additional information can be found in IEC 60601-1:2005+AMD1:2012, 4.2.

his document does not specify the requirements for cold pass-over or cold bubble-through
midification devices, the requirements for which are given in ISO 20789:— J8]

his document is not applicable to equipment commonly referred to as_‘roem humidifiers” or
umidifiers used in heating, ventilation and air conditioning systems, or HUMIDIFIERS
corporated into infant incubators.

> = 5=

E.

This document is not applicable to nebulizers used for the delivery‘of drugs to PATIENTS.

NPTE 6 IS0 27427010 specifies the safety and performance requiréments for nebulizers.

This document is a particular standard in the [EC 60601stand the ISO/IEC 80601 series.
201.1.2 Object

Replacement:
T

he object of this document is to establish patticular BASIC SAFETY and ESSENTIAL PERFORMANCE
rgquirements for a HUMIDIFIER, as defined in 201.3.209, and its ACCESSORIES.

NPTE ACCESSORIES are included because the combination of the HUMIDIFIER and the ACCESSORIES neefls
tq be adequately safe. ACCESSORIES scanr have a significant impact on the BASIC SAFETY or ESSENTIAL
PHRFORMANCE of a HUMIDIFIER.

201.1.3 Collateral standards
Addition:

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

I§C 60601-152,* IEC 60601-1-6, IEC 60601-1-8 and IEC 60601-1-11 apply as modified |n
Clauses 202, 206, 208 and 211, respectively. IEC 60601-1-3[15] does not apply. All oth
published collateral standards in the [EC 60601-1 series apply as published.

1
—

201:1.4 Particular standards

Replacement:

In the IEC 60601 series, particular standards may modify, replace or delete requirements
contained in the general standard and collateral standards as appropriate for the particular

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

2 © IS0 2017 - All rights reserved
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ME EQUIPMENT under consideration, and may add other BASIC SAFETY and ESSENTIAL PERFORMANCE
requirements.

A requirement of a particular standard takes priority over the general standard.

For brevity, IEC 60601-1 is referred to in this document as the general standard. Collateral
standards are referred to by their document number.

The numbering of clauses and subclauses of this document corresponds to that of the general
standard with the prefix “201” (e.g. 201.1 in this document addresses the content of Clause 1'£f

the general standard) or applicable collateral standard with the prefix “20x”, where x is thefinal
digit(s) of the collateral standard document number (e.g. 202.4 in this document addresses the
cgntent of Clause 4 of the IEC 60601-1-2 collateral standard, 208.6 in this documentiaddresses
the content of Clause 6 of the IEC 60601-1-8 collateral standard, etc.). The changes to the text pf
the general standard are specified by the use of the following words:

“Replacement” means that the clause or subclause of the general standard or applicable
collateral standard is replaced completely by the text of this document.

“Addition” means that the text of this document is additional to the fequirements of the general
stiandard or applicable collateral standard.

“Amendment” means that the clause or subclause of the general standard or applicable collaterfl
stiandard is amended as indicated by the text of this documeént:

Suibclauses, figures or tables which are additional to these of the general standard are numbergd
stiarting from 201.101. However, due to the fact that definitions in the general standard are
numbered 3.1 through 3.139, additional definitions'in this document are numbered beginning
from 201.3.201. Additional annexes are letteredAA, BB, etc., and additional items aa), bb), etc.

Suibclauses, figures or tables which are additional to those of a collateral standard are numbergd
starting from 20x, where “x” is the number’of the collateral standard, e.g. 202 for IEC 60601-1-2,
293 for IEC 6060-1-3, etc.

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

Where there is no corresponding clause or subclause in this document, the clause or subclausge
of the general standard-er applicable collateral standard, although possibly not relevant, appli¢s
without modification;-where it is intended that any part of the general standard or applicable
collateral standard;although possibly relevant, is not to be applied, a statement to that effectl|is
given in this decument.

2D1.2 Nermative references

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

IEC 60601-1:2005+AMD1:2012, Clause 2 applies, except as follows.

Replacement:

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

© IS0 2017 - All rights reserved 3
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IEC 60601-1-6:2010+AMD1:2013, Medical electrical equipment — Part 1-6: General requiremen
for basic safety and essential performance — Collateral Standard: Usability

[EC 60601-1-8:2006+AMD1:2012, Medical electrical equipment — Part 1-8: General requiremen

ts

ts

for basic safety and essential performance — Collateral standard: General requirements, tests and

guidance for alarm systems in medical electrical equipment and medical electrical systems

A dditinn.
FHHEO1

190 3744:2010, Acoustics — Determination of sound power levels and sound energy levels pof noi
squrces using sound pressure — Engineering methods for an essentially free field over a reffectir
plane

[§0 5356-1:2015, Anaesthetic and respiratory equipment — Conical connectors.—"Part 1: Con
and sockets

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

IS0 7396-1:2016, Medical gas pipeline systems — Part 1: Pipeline systems for compressed medid
gqises and vacuum

190 14937:2009, Sterilization of health care products— General requirements fi
characterization of a sterilizing agent and the development, validation and routine control of|
sterilization process for medical devices

[0 15223-1:2016, Medical devices — Symbols te‘be used with medical device labels, labelling af
ifformation to be supplied — Part 1: General réquirements

IS0 17664:2004, Sterilization of medical devices— Information to be provided by ¢t
manufacturer for the processing of resterilizable medical devices

190 18562-1:—2, Biocompatibility evaluation of breathing gas pathways in healthca
applications — Part 1: Evaluation and testing within a risk management process

IS0 80369-1:2010, Small-bore connectors for liquids and gases in healthcare applications A
Part 1: General requirements

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

IEC 60601-1-11:2015, Medical electrical equipment — Part 1-11: General requirements for bas
sqfety~and essential performance — Collateral standard: Requirements for medical electrid

5e
g

1N
“n

al

pr
a

nd

e

~

e

pr

ic
al

e Hl'pmpnf' and-medical electrical C}/cf'pmc used-in the home healthcare environment.

IEC 60601-2-19:2009, Medical electrical equipment — Part 2-19: Particular requirements for the

basic safety and essential performance of infant incubators

2 To be published.
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IEC 61672-1:2013, Electroacoustics — Sound level meters — Part 1: Specifications
IEC 62304:2006+AMD1:2015, Medical device software — Software life cycle processes

EN 15986:2011, Symbol for use in the labelling of medical devices — Requirements for labelling
medical devices containing phthalates

2013 Terms anddefinitions

of

For the purposes of this document, the terms and definitions given in 1SO 4135:2001L
[0 7396-1:2016, 1SO 9360-1:2000051, 1SO 23328-2:2002, [EC 60601-1:2005+AMD1:201
I§C 60601-1-2:2014, IEC 60601-1-8:2006+AMD1:2012, [EC 60601:1-11:201
I§C 62366-1:2015018] and the following apply.

adldresses:

— IEC Electropedia: available at http://www.electropedia.org/
— ISO Online browsing platform: available at http://www.ise,erg/obp
NPTE An alphabetized index of defined terms is found beginiiing in Annex DD.

IEC 60601-1:2005+AMD1:2012, Clause 3 applies, except'as follows:
Additions:

201.3.201

ACTIVE HME

ACTIVE HEAT AND MOISTURE EXCHANGER

HPMIDIFIER where water, water vapout.or heat is actively added to the HEAT AND MOISTURE E
(HME) to increase the humidity levelofthe gas flowing from the HME to the PATIENT

201.3.202

AIRWAY PRESSURE
Pw
pressure at the patient=connection port

201.3.203

BODY TEMPERATURE PRESSURE, SATURATED
BTPS
ambient atmospheric pressure and a RELATIVE HUMIDITY of 100 % at a temperature of 37 °C

bte 1 te.entry: Respiratory physiology lung volumes and flows are standardized to BTPS.

IO and IEC maintain terminological databases for use in standardizatien)at the following

SJ'I‘!\JE.

KCHANGER

N

201:3.204

DELIVERED GAS TEMPERATURE

temperature of the gas, or aerosol, or both, at the PATIENT-CONNECTION PORT

201.3.205
FLOW-DIRECTION-SENSITIVE COMPONENT

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

or PATIENT safety

[SOURCE: ISO 4135:2001, 3.1.711], modified — added “or ACCESSORY” and replaced “must” with “has to”.]
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201.3.206
HEATED BREATHING TUBE CONTROLLER
ME EQUIPMENT which controls the temperature or the heating of a BREATHING TUBE

Note 1 to entry: A HEATED BREATHING TUBE CONTROLLER can be either stand-alone or part of the HUMIDIFIER.

201.3.207
HUMIDIFICATION CHAMBER

art af b o rnmanieien s ashaol ookl o A ol okt o ol e nla o
partetthe HUMBHHRHRwhich-vaperization-orrebutizabiontakes place

201.3.208
HUMIDIFICATION OUTPUT
tgtal mass of water vapour per unit volume of gas at the PATIENT-CONNECTION PORT under BTPS canditions

201.3.209
HUMIDIFIER
ME EQUIPMENT that adds water in the form of droplets or vapour, or both, tothe inspired gas

EXAMPLE Vaporizing and ultrasonic equipment and an ACTIVE HME are types,of HUMIDIFIERS.

D1.3.210
IQUID CONTAINER
irt of the HUMIDIFIER which holds the liquid

=N

bte 1 to entry: The LIQUID CONTAINER can be accessible to the bréathing gas.
bte 2 to entry: The LIQUID CONTAINER can also be part of the HUMIDIFICATION CHAMBER.
bte 3 to entry: The LIQUID CONTAINER can be detachableforilling.

D1.3.211
IQUID RESERVOIR
irt of the HUMIDIFIER which replenishes.thie LIQUID CONTAINER

D1.3.212
AXIMUM LIMITED PRESSURE

EN Z Z Z T

IM max

ghest AIRWAY PRESSURE durinig' NORMAL USE or under SINGLE FAULT CONDITION

D1.3.213
AXIMUM OPERATING PRESSURE
aximum pressure in-the HUMIDIFICATION CHAMBER during NORMAL USE

D1.3.214
EASURED GASTEMPERATURE
tgmperature’ of the gas, or aerosol, or both, that the ME SYSTEM is measuring and, if applicable, displaying

201.3.215

MpNITORING EQUIPMENT
ME EQUIPMENT or part that continuously or continually measures and indicates the value of a variable to
the OPERATOR

[SOURCE: ISO 80601-2-12:2011, 201.3.217112]]

2N SUEN'T

=)

z2 N

6 © IS0 2017 - All rights reserved


https://standardsiso.com/api/?name=869eb21e17dda779a7006496f418faaf

IS0 80601-2-74:2017(E)

201.3.216
PATIENT-CONNECTION PORT
port at the PATIENT-end of the BREATHING TUBES intended for connection to an airway device

EXAMPLE A tracheal tube, tracheostomy tube, face mask and supralaryngeal airway are all airway
devices.

201.3.217

p
h

B

2
Rl
W
te

AOFRETFIAOAN-PEVCER

nzardous output due to incorrect delivery of energy or substances
OURCE: ISO 60601-2-12:2011, 201.3.220012]]

D1.3.218

ELATIVE HUMIDITY

ater vapour pressure, expressed as a percentage of the saturation vapour pressure, at a |
mperature

D1.3.219
T TEMPERATURE
mperature at which the HUMIDIFIER attempts to maintain MEASURED GAS TEMPERATURE

bte 1 to entry: The SET TEMPERATURE may be OPERATOR-adjustable;

D1.3.220

[ANDARD TEMPERATURE AND PRESSURE, DRY

'PD

ressure of 101,325 kPa at an operating temperature of 20 °C
D1.3.221

ALIDATION
nfirmation, through the provision, of OBJECTIVE EVIDENCE, that the requirements for a specific

$E or application have been fulfilled

bte 1 to entry: The OBJECTIVE EWIDENCE needed for a VALIDATION is the result of a test or otherl
termination such as performing alternative calculations or reviewing documents.

bte 2 to entry: The term “VAKIDATED” is used to designate the corresponding status.
bte 3 to entry: The use conditions for VALIDATION can be real or simulated.

OURCE: ISO 900072015, 3.8.13[41]

01.4 General requirements

C 60601-1:2005+AMD1:2012, Clause 4 applies, except as follows.

2

irt or function of ME EQUIPMENT that, without intervention by the OPERATOR, protects the PATIIENT from

articular

INTENDED

form of

D1:4.3 ESSENTIAL PERFORMANCE

IEC 60601-1:2005+AMD1:2012, 4.3 applies, except as follows.

©
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Additional subclause:

201.4.3.101 * Additional requirements for ESSENTIAL PERFORMANCE

Additional ESSENTIAL PERFORMANCE requirements are found in the subclauses listed in
Table 201.101.

Table 201.101 — Distributed ESSENTIAL PERFORMANCE requirements

a

Requirement Subclause

For category 1 HUMIDIFIERS, delivery of HUMIDIFICATION OUTPUT 201.12.1.1012

or generation of a TECHNICAL ALARM CONDITION

For HUMIDIFIERS equipped with SET TEMPERATURE MONITORING 201.12.1.1012
EQUIPMENT, delivery of HUMIDIFICATION OUTPUT

or generation of a TECHNICAL or PHYSIOLOGICAL ALARM CONDITION

For all other category 2 HUMIDIFIERS for the purposes of this —
document, category 2 HUMIDIFIERS are considered to not have
ESSENTIAL PERFORMANCE. Notwithstanding this fact, when this
document refers to ESSENTIAL PERFORMANCE as acceptance criteria,
the delivery of HUMIDIFICATION OUTPUT is evaluated.2

a Subclause 202.8.1.101 indicates methods of evaluating“delivery of HUMIDIFICATION OUTPUT as
acceptance criteria following specific tests required by this'‘document.

D1.4.6 * ME EQUIPMENT or ME SYSTEM parts;that contact the PATIENT
mendment (add at end of 4.6 prior to the compliance check):

1) The GAS PATHWAYS shall be subje€tto the requirements for APPLIED PARTS according to thfis
ibclause.

b) The HUMIDIFIER or its parts or ACCESSORIES that can come into contact with the PATIENT shall
e subject to the requirements-for APPLIED PARTS according to this subclause.

DTE For the purposes of this document, GAS PATHWAYS are considered to be any part or surface thiat
n be exposed to the PATIENT respiratory gas.

ditional subclquses:
D1.4.11.10%~ * Additional requirements for pressurized gas input
D1.4.11:101.1 Overpressure requirement

If the HUMIDIFIER is intended to be connected to a MEDICAL GAS PIPELINE SYSTEM complying with

1S0-7396-1:2016,thenit:

T

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

2) shall not cause an unacceptable RISK under the SINGLE FAULT CONDITION of 1 000 kPa.

NOTE1 An internal pressure regulator can be required to accommodate the SINGLE FAULT
CONDITION of maximum input pressure, as well as the RATED range of input pressure.

© IS0 2017 - All rights reserved
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NOTE 2  Under the SINGLE FAULT CONDITION of overpressure, it is desirable for gas to continue to

flow to the BREATHING SYSTEM. Under this condition, the flowrate from the HUMIDIFIER is likely to
outside of its specification.

be

b) If the HUMIDIFIER has a maximum RATED input pressure in excess of 600 kPa, the HUMIDIFIER
shall not cause an unacceptable RISK under the SINGLE FAULT CONDITION of twice the maximum

C

RATED input pressure.

RISK MANAGEMENT FILE.

2

01.4.11.101.2 Compatibility requirement

[f|{the HUMIDIFIER is intended to be directly connected to a MEDICAL GAS PIPELINE.SYSTEM complyi

wiith ISO 7396-1:2016 then:

C

b]

a] the RATED range of input pressure shall cover the range specified in 1S0.7396-1:2016;

under NORMAL CONDITION,

1) the maximum 10 s average input flowrate required by.the HUMIDIFIER for each gas sh
not exceed 60 1/min at a pressure of 280 kPa, measuréd at the gas input port, and

2) the transient input flowrate shall not exceed 200'1/min averaged for 3 s.
or:
3) the ACCOMPANYING DOCUMENTS shall disclose:

i) the maximum 10 s average input flowrate required by the HUMIDIFIER for ea
gas at a pressureof280 kPa, measured at the gas input port;

port;

allows for the indicated high flow at a specified number of terminal outlets,
order to avoid exceeding the pipeline design flow, thereby minimizing the RI
that the HUMIDIFIER interferes with the operation of adjacent equipment.

ii) the maximum-" transient input flowrate averaged for 3 s required by the
HUMIDIFIER.for each gas at a pressure of 280 kPa, measured at the gas inppt

iii) arwarning to the effect that this HUMIDIFIER is a high flow device and should only
be connected to a pipeline installation designed using a diversity factor thpt

neck compliance by functional testing in NORMAL USE and under NORMAL CONDITION with the mast

heck compliance by functional testing in NORMAL USE and under NORMAL CONDITION with the madst
adverse operating settings, by functional testing in SINGLE FAULT CONDITION and inspectiomof the

ng

all

"h

n
K

adverse operating settings and by inspection of the ACCOMPANYING DOCUMENTS.

EXAMPLE

consumption at any gas power supply output.

©
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201.4.101 Additional general requirements

H

UMIDIFIERS are frequently used in combination with other respiratory ME EQUIPMENT or medical

devices. The BASIC SAFETY and ESSENTIAL PERFORMANCE of both the HUMIDIFIER and the other
respiratory ME EQUIPMENT or medical device are interdependent.

a) Where a HUMIDIFIER is intended to be used in combination with other respiratory

A
ag
fi
bl

G4

C

A
2
M
2

wiith distilled water at the ambient test temperature.

E EQUIPMENT

ME EQUIPMENT or medical devices as indicated in its instructions for use, it shall be evaluated
R . ol e sing

O D acro vV O PDITatoOTy v JO v N O CTCar U

the requirements of this document.

As appropriate, the requirements of the particular standards of the other respiratory
ME EQUIPMENT or medical devices indicated in the instructions for use of the HUMIDIFIER shall
also apply to the combination of the HUMIDIFIER and other respiratory MEEQUIPMENT pr
medical devices.

1.5 General requirements for testing of ME EQUIPMENT

C60601-1:2005+AMD1:2012, Clause 5 applies, except as follows.
D1.5.4 Other conditions
mendment (add to the list):

1) Unless otherwise specified, the LIQUID CONTAINER and"LIQUID RESERVOIR, if provided, shall be
led to maximum capacity, as indicated in the instructions for use, at the beginning of a tefst

b) For the purpose of checking compliance with requirements of this document, the DELIVERED
\S TEMPERATURE shall be sensed in the BREATHING TUBE not more than 50 mm from the PATIEN[-
NNECTION PORT (see Annex BB).

ditional subclauses:

D1.5.101 Additional requirements for general requirements for testing of
D1.5.101.1 Humidifiér test conditions
For testing, the HUMIDIFIER:

1) shall b€ ¢onnected to gas supplies as specified for NORMAL USE, except that industriial
grade'oxygen; and

2) _air may be substituted for the equivalent medical gas, as appropriate, unless otherwise
stated.

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

and appropriately dry.

The moisture content of all gas supplies shall be less than 1 mg/I.

10 © IS0 2017 - All rights reserved
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201.5.101.2 * Gas flowrate and leakage specifications

In this document, requirements for the flowrate, volume and leakage are expressed at STANDARD
TEMPERATURE AND PRESSURE, DRY (STPD), except for those associated with the BREATHING SYSTEM,

w

hich are expressed at BODY TEMPERATURE AND PRESSURE, SATURATED (BTPS).

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

201.5.101.3 * HUMIDIFIER testing errors

a

A
V¢

N
b¢

2
A
in
sk
2

a

For the purposes of this document, declared tolerances shall be adjusted by tllle
measurement uncertainty.

The MANUFACTURER shall disclose the measurement uncertainty of each disclosed tolerance |n
the technical description.
neck compliance by inspection of the instructions for use and the technical description.

D1.6 Classification of ME EQUIPMENT and ME SYSTEMS

C60601-1:2005+AMD1:2012, Clause 6 applies, except as follows.
ditional subclause:

p1.6.101 HUMIDIFIER classification

D1.6.101.1 Category 1

HUMIDIFIER intended for use in PATIENTS whose dpper airways have been bypassed (invasiye
entilation), shall be classified category 1.

DTE A category 1 HUMIDIFIER can also be suitable for use in PATIENTS whose upper airways have npt
en bypassed.

D1.6.101.2 Category 2

°®

HUMIDIFIER not intended for, use in PATIENTS whose upper airways have been bypassed (i
tended for non-invasive véentilation, nasal high flow therapy, sleep apnoea CPAP treatment
1all be classified category 2.

01.6.101.3 Classification

e

A HUMIDIFIER shall be classified either as category 1 or category 2.

A particular HUMIDIFIER may be classified as category 1 over a certain specified range pf
flowrates and temperatures, but also as category 2 over a wider specified range of flowratgs
and temperatures.

2

PD1.7 ME EQUIPMENT identification, marking and documents

IEC 60601-1:2005+AMD1:2012, Clause 7 applies, except as follows:

Additional subclause:

201.7.2.4.101 Additional requirements for ACCESSORIES

a) ACCESSORIES supplied separately shall

©

1) fulfil the requirements of 201.7.2.101, 201.7.2.13.101 and 201.7.2.17.101, and
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2) be marked with an indication of any limitations or adverse effects of the ACCESSORY on
the BASIC SAFETY or ESSENTIAL PERFORMANCE of the HUMIDIFIER, if applicable.

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

NOTE The MANUFACTURER of the ACCESSORY can be the HUMIDIFIER MANUFACTURER or another entity
(M - 3 1 1 3 a

entities are expected to ensure compliance with this requirement. Additional requirements are found [in

= ne n e provider or d pble med eq pment provide and hese

heck compliance by inspection and inspection of the RISK MANAGEMENT FILE for any limitations pr
verse effects of the ACCESSORY.

C
a
201.7.2.5 ME EQUIPMENT intended to receive power from other equipment
Amendment (add before the last paragraph):

N

DTE For a heated BREATHING TUBE, the connector to the HUMIDIFIER_Or HEATED BREATHING TUBE
CONTROLLER is a connection to the supply that might need this marking.

201.7.2.8.2 * Other power sources
Amendment (add at the end of the subclause):

NPTE The connector on the HUMIDIFIER or HEATED BREATHING TUBE CONTROLLER for a heated BREATHING
TYBE is a connector that might need this marking.

Adlditional subclauses:
201.7.2.13.101 Additional requirements for physiological effects

a] Any natural rubber latex-containing components in the GAS PATHWAYS or ACCESSORIES shall be
marked as containing latex.

b) Such marking shall be CLEARLY LEGIBLE.
c] Symbol 5.4.5 from ISO 15223-1:2016 (Table 201.D.1.101, symbol 4) may be used.
d) The instructions.for use shall disclose any natural rubber latex-containing components.

Check compliatice’by inspection.
201.7.2.17.101 Additional requirements for protective packaging

a] Thémarking on packages shall be CLEARLY LEGIBLE and shall include

d
Cr

13 Py Jeimdl o A€ 4] ntant
T a aCStrIp o OT trICCOTITCTITS;

2) an identification reference to the batch, type or serial number or symbols 5.1.5, 5.1.6 or
5.1.7 from ISO 15223-1:2016 (Table 201.D.1.101, symbol 1, symbol 2 or symbol 3), and

3) for packages containing natural rubber latex, the word “LATEX”, or symbol 5.4.5 from
ISO 15223-1:2016 (Table 201.D.1.101, symbol 4).

12 © IS0 2017 - All rights reserved
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b) For a specific MODEL OR TYPE REFERENCE, the indication of single use shall be consistent for the

MODEL OR TYPE REFERENCE.

Check compliance by inspection.

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

a

I§C 60601-1:2005+AMD1:2012, 7¢4.3 applies, except as follows:

aa) All gas volume, flowrate-and leakage specifications

IEC 60601-1:2005+AMD1:2012, 7.9.1 applies, except as follows:

The marln'ng of ME EQUIPMENT, pari’c OL-ACCESSORIES-shall be CLEARLY LEGIBLE-and-shallinclude

the following:

1) the maximum and minimum liquid levels, if these are necessary to maintain BASIG’SAFETY
or ESSENTIAL PERFORMANCE of the HUMIDIFIER.

If applicable, marking of OPERATOR-accessible ME EQUIPMENT, parts or ACCESSORIES shall be
CLEARLY LEGIBLE and shall include the following:

2) the special storage, handling or operating instructions;

3) the particular warnings and/or precautions relevant to the'immediate operation of the
HUMIDIFIER,;

4) an arrow indicating the direction of the flow for‘fLOW-DIRECTION-SENSITIVE COMPONENT'S
that are OPERATOR-removable without the use ofa‘To0L;

5) if a pressure-relief PROTECTION DEVICE is praevided, the pressure at which it opens. This
marking shall be on or near the pressureé:relief PROTECTION DEVICE.

neck compliance by inspection.

D1.7.4.3 * Units of measurement

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

100) shall be expressed at stpd (standard temperature and pressure, dry),

101) exceptthose associated with the BREATHING SYSTEM which shall be expressed at BTpS
(BODY TEMPERATURE AND PRESSURE, SATURATED).

D1.7.9.1VAdditional general requirements

] , 7 ] ] Vo PR B | PRI
TETITETIL (reprace e JirSt ausSIrT WILrtj.

— Name or trade name and address of:

— the manufacturer;

— where the MANUFACTURER does not have an address within the locale, an authorized
representative within the locale,

to which the RESPONSIBLE ORGANIZATION can refer;

© IS0 2017 - All rights reserved 13
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201.7.9.2 Instructions for use

[EC 60601-1:2005+AMD1:2012, 7.9.2 applies, except as follows:

Additional subclauses:

201.7.9.2.1.101 Additional general requirements

a) For a HUMIDIFIER intended for use in the HOME HEALTHCARE ENVIRONMENT, separate instructions

forucachall ha o i dad £o0..

C
El

2
T

al

c}

C
2
T

TOT oo C-oTIoT oCprovIiata O

1) the LAY OPERATOR;
2) the supervising clinician or the healthcare professional OPERATOR.

The MANUFACTURER may choose in which instructions for use to place the informatign
required by this document unless otherwise indicated in this document based on RI$K
MANAGEMENT and USABILITY considerations.

The supervising clinician or the healthcare professional OPERATOR instructions for use shall
include the information contained in the LAY OPERATOR instruetions for use.

neck compliance by inspection of the instructions for use, the RISK MANAGEMENT FILE and USABILITY
VGINEERING FILE.

D1.7.9.2.1.102 Additional general requirements
he instructions for use shall include:

if the HUMIDIFIER, 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
HUMIDIFIER, its parts or ACCESSORIES were reused;

if the HUMIDIFIER, its parts or ACGESSORIES are intended for single use, that it is single use and
information regarding thentended duration of use;

a statement on the quality and purity of the water to be used in the HUMIDIFIER, and thpt
adding other substances can have adverse effects.

NOTE A nebulizer, located between the ventilator and the gas inlet port of the HUMIDIFICATIPN
CHAMBER is a,source of such substances.

neck compliance by inspection.
D1.7.9:2.2.101 * Additional requirements for warnings and safety notices

hednstructions for use shall include:

a) *a warning statement to the effect that “WARNING: Do not add any attachments or

accessories to the humidifier that are not listed in the instruction for use of the humidifier or
accessory or the humidifier might not function correctly affecting the quality of the therapy
or injuring the patient.”

14 © IS0 2017 - All rights reserved
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b) a warning statement to the effect that “WARNING: Do not use the humidifier at an altitude
above [insert maximum RATED altitude] or outside a temperature of [insert RATED
temperature range]. Using the humidifier outside of this temperature range or above this
altitude can affect the quality of the therapy or injure the patient.”

c) awarning statement to the effect that “WARNING: To prevent disconnection of the tubing or
tubing system during use, especially during ambulatory use, only tubes in compliance with

A (aFaW nls ¥Vale 1ICOOoONcN1 I 74 ola 14 L 2
10U JOJ0U7 Ul 10U OUUUV 1L 47 /77T OoI1IIUUIU UT UsTU .

d) if applicable, a warning statement to the effect that “WARNING: Covering breathing tubes
with a blanket or heating them in an incubator or with an overhead heater can. affect the
quality of the therapy or injure the patient.”

Check compliance by inspection of the instructions for use.
201.7.9.2.6 Installation

Amendment (add at the end of the subclause):

T

ne instructions for use shall give recommended mounting ‘methods and other relevant
information for installation of the HUMIDIFIER.

Additional subclauses:
201.7.9.2.8.101 * Additional requirements for start-up PROCEDURE

NPTE For the purposes of this document, a start-Up PROCEDURE is a pre-use test that is used [to
d¢termine whether the HUMIDIFIER is ready for use.

a)] If the HUMIDIFIER is equipped with an ALARM SYSTEM, then the instructions for use for the LAY
OPERATOR shall disclose a method by@hich the ALARM SIGNALS can be functionally tested fo
determine if they are operating corectly.

b) Portions of this test method ‘may be performed automatically by the HUMIDIFIER or may
require OPERATOR action.

EXAMPLE 1 Combination of the power-on self-test routines and OPERATOR actions that functionally
check the ALARM SIGNALS.

c] The specifications of any required ACCESSORIES or test equipment needed to perform thege
tests shalkbedisclosed in the instructions for use.

EXAMPLE 2 A test temperature probe that activates the ALARM CONDITION.

Check'compliance by inspection of the instructions for use.

201.7.9.2.9.101 Additional requirements for operating instructions
201.7.9.2.9.101.1 LAY OPERATOR operating instructions
The instructions for use for the LAY OPERATOR shall include:

a) the conditions under which the HUMIDIFIER maintains the accuracy of controlled and
displayed variables as disclosed in the instructions for use;

EXAMPLE1  Acceptable range of water level.

© IS0 2017 - All rights reserved 15


https://standardsiso.com/api/?name=869eb21e17dda779a7006496f418faaf

ISO 80601-2-74:2017(E)

EXAMPLE 2 Interval of calibration of a sensor.

b) an explanation of the meaning of the IP classification marked on the ME EQUIPMENT;

c) the maximum volume of water, expressed in ml, available for vaporization contained in the

LIQUID CONTAINER and, if provided, in the LIQUID RESERVOIR;

dj an indication of the m(ppr‘h:d duration of operation bhetween refills under Qppr‘iﬁpd operating
conditions;

Check compliance by inspection of the instructions for use.

201.7.9.2.9.101.2 * Supervising clinician operating instructions

The instructions for use intended for the supervising clinician or the healthcare professiongl

OPERATOR shall include:

a] the MAXIMUM LIMITED PRESSURE of the HUMIDIFIER and ACCESSORIES;

b) the MAXIMUM OPERATING PRESSURE;

c)] the RATED range of environmental operating conditions (temperature and altitude) of NORMAL
USE;

d) the maximum DELIVERED GAS TEMPERATURE, if the HUMIDIFIER is not provided with a means pf
continuously indicating the MEASURED GAS TEMRERATURE;

e] *the location in the HUMIDIFIER or ACGESSORIES to which the displayed MEASURED GAS
TEMPERATURE is referenced;

f)] the gas leakage of the HUMIDIFIER ot individual components, as appropriate, at the maximum
RATED pressure. The gas leakage 'should be determined in accordance with ISO 5367 or gn
equivalent method. The gas‘leakage for an ACTIVE HME should be determined in accordange
with ISO 9360-1151 or [SOS9360-216];

g] *unless the HUMIDIFIER 1s integrated into other equipment,

1) the RATEDCrange of the following characteristics of the assembled OPERATOR-detachable
parts, @ver which the accuracies of set and monitored humidification are maintained:
i)$ flowrate;
ii) GASPATHWAY resistance;
iii) GAS PATHWAY compliance.

2) These specifications may be presented in ranges.

3) The accuracies of set and monitored values may be presented as a function of these
characteristics.
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4) Since these values can be affected by the depletion of the liquid, the minimum and

maximum values shall be disclosed.

5) Compliance and resistance can be nonlinear. These characteristics might need to be
specified over a range (e.g. at 151/min, 30 1/min, 60 I/min, maximum flowrate and the

maximum RATED pressure).

& _Tharacictaneca and ~osnnlian o0 o haounld hao dataroainad 190 2o dancawunath ISO 27 Ay -
[AvaNe EvAv s e .
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equivalent method.

with ISO 9360-1[51 or ISO 9360-216l,

flowrate, across the HUMIDIFIER and ACCESSORIES or individual components:

method.

ISO 9360-1[51 or ISO 9360-216l.

i) the known adverse effects on the performance‘of the HUMIDIFIER when exposed to, f
example, electrocautery, electrosurgery, defibrillation, X-ray (gamma radiation), infrare
radiation, conducted transient magnetic fieldS\including magnetic resonance imaging (MR
and radiofrequency interference.

Iflapplicable, instructions for use shall disclose

j)| the essential technical characteristics of each recommended BREATHING SYSTEM FILTER;
EXAMPLE Deadspace and resistance.
k] *for a HUMIDIFIER thatientrains air for the purpose of diluting oxygen:

10) a statement’to~the effect that the oxygen concentration can be affected by a parti
obstructiénydownstream of the HUMIDIFIER, e.g. when using ACCESSORY equipment;

11) a recommendation that the oxygen concentration be measured at the point of delive
tothe PATIENT.

Check-compliance by inspection of the instructions for use.

7) The resistance and compliance for an ACTIVE HME should be determined in accetrdange

h) * unless the HUMIDIFIER is integrated into other equipment, the pressure dyep;yas a function pf

8) The pressure drop should be determined in accordance with (SO 5367 or an equivalent

9) The pressure drop for an ACTIVE HME should be<determined in accordance wif

h

DT
e d

'y

201.7.9:2:12—Cleamning, disinfectiomamnd sterilization
IEC 60601-1:2005+AMD1:2012, 7.9.2.12 applies, except as follows.
Amendment (add after NORMAL USE):

and SINGLE FAULT CONDITION
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Amendment (replace the second bullet):

aa) List the applicable parameters such as temperature, pressure, humidity, time limits and
number of cycles that such ME EQUIPMENT, parts or ACCESSORIES can tolerate.

bb) Alternatively, another method to determine reduced performance and the end of useful life
may be provided.

Amendment (add after bulleted list):

cq
H
C
A
2
T

a

C
FIj

) The instructions for use shall identify the portions of the GAS PATHWAYS through tllle
JMIDIFIER that can become contaminated with body fluids or expired gases during both, NORMAL
NDITION and SINGLE FAULT CONDITION.

ditional subclauses:
D1.7.9.2.13.101 Additional requirements for maintenance
he instructions for use shall disclose

a description of periodic visual safety inspections that should be pérformed by the OPERATOR,
and

if applicable, the INTERNAL ELECTRICAL POWER SOURCE care ‘and maintenance PROCEDURE
including instructions for recharging or replacement.

0

neck compliance by inspection of the instructions for use:

01.7.9.2.14.101 Additional requirements for“ACCESSORIES, supplementary equipmen
sed material

-+
-

he instructions for use of a HUMIDIFIER shalliidentify

at least one set of ACCESSORIES, and
if applicable, the ME EQUIPMENT-necessary for the HUMIDIFIER'S INTENDED USE.

applicable, the instructions for use shall disclose

any restrictions on the positioning of components within the BREATHING SYSTEM, and
EXAMPLE Where'such components are FLOW-DIRECTION-SENSITIVE COMPONENTS.

any adverse-effect of any recommended ACCESSORY on the ESSENTIAL PERFORMANCE or BAJIC
SAFETY of the'HUMIDIFIER or equipment to which it is connected.

neck compliance by inspection of the instructions for use and inspection of the RISK MANAGEMENT
L.E foriany adverse effect of any recommended ACCESSORY.

2

D1.7.9.3.1.101 Additional general requirements

The technical description shall disclose

a) theinterdependence of control functions, and

b) a statement to the effect that the responsible organization should ensure the compatibility

of the humidifier and all of the parts and accessories used to connect to the patient or other
equipment before use.

Check compliance by inspection of the technical description.
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201.7.9.3.101 Additional requirements for the technical description

a)

The technical description shall disclose a description of a method 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.

b) The technical description shall disclose which checks are performed automatically.

<)
]

Check compliance by inspection of the technical description.

2P1.8 Protection against electrical HAZARDS form ME EQUIPMENT

A
2
The APPLIED PARTS of a HUMIDIFIER and its ACCESSORIES shall be F-TYPE APPLIED’PARTS.
C
2
R

C 60601-1:2005+AMD1:2012, Clause 8 applies, except as follows.
ditional subclause:

01.8.3.101 Additional requirements for classification of APPLIED PARTS

neck compliance by inspection.
)1.8.7.4.7 Measurement of the PATIENT LEAKAGE CURRENT
bplacement:

Assemble the HUMIDIFIER to the BREATHING TUBE and other necessary ACCESSORIES. Wrap the metal
foil around the PATIENT-CONNECTION PORT as mentioned under 8.7.4.6. The metal foil |is
considered as the only PATIENT CONNECTION for the~APPLIED PART concerned.

1.9 Protection against mechanical hazards of ME EQUIPMENT and ME SYSTEMS

C60601-1:2005+AMD1:2012, Clause 9\applies, except as follows.
ditional subclauses:

01.9.4.3.101 * Additional, requirements for instability from unwanted laterpl
ovement

A TRANSIT-OPERABLE HUMIDIFIER intended for use in either the HOME HEALTHCARE ENVIRONMENT
or EMERGENCY MEDICAL SERVICES ENVIRONMENT shall include a means by which the HUMIDIFIER
can be easily attached without the use of a TOOL to prevent unwanted movement during
transport while’in use.

The means shall hold the HUMIDIFIER to withstand accelerations or decelerations of 1,0 g
longitudinal (forward, backward) and 1,0 g transverse (left, right) for at least 5 s each.

No more liquid than is specified in 201.13.1.101 shall exit the HUMIDIFICATION CHAMBER outlet

Irom these accelerations or decelerations.

EXAMPLE Means to be physically restrained during transport in a personal vehicle, in an
ambulance or on a wheelchair.

Check compliance by functional testing and the testing of 201.13.1.101.

201.9.6.2.1.101 Additional requirements for audible acoustic energy
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The A-weighted sound pressure level emitted by the HUMIDIFIER shall be less than 50 dB as
determined by the test method of this document.

Check compliance with the following test.

a) Place the HUMIDIFIER on the sound-reflecting plane, fill the HUMIDIFICATION CHAMBER to the least
favourable level and attach the least favourable set of ACCESSORIES from those indicated in the

instructions for use.

9j

201:9.6.2.1.102 Additional requirements for audible acoustic energy for use with 3

— Connect a ventilator or other appropriate flow source to the input of the HUMIDIFIER.

— Acoustically isolate the test lung, if used, and flow source by a suitable means so that a
noise caused by the test lung and flow source does not interfere with the sour
measurement of the HUMIDIFIER.

If the flow source is a ventilator,

— set the ventilator to volume control mode that generates ventilation as indicated
Table 201.102,

— configure the test lung with the compliance and resistance components whose values a
indicated in Table 201.102, and

— connect the PATIENT-CONNECTION PORT to the testlung.
Otherwise, configure the flow source to worst case flow.

Using a microphone of the sound level\meter complying with the requirements of class
specified in IEC 61672-1:2013 with.(frequency-weighting characteristic A and the tim
weighting characteristic F as specified in ISO 3744:2010, measure the sound pressure levels
accordance with IS0 3744:2010,.8:2.1, at 10 positions in a hemisphere with a radius of 1
from the geometric centre of the’ HUMIDIFIER in a free field over a reflecting plane as specified
1SO 3744:2010, 7.2.3 and 8.1:1. I1SO 3744:2010, Annex F, shall not be utilized.

Confirm that the A-weighted background level of extraneous noise is at least 6 dB below th
measured during-the'test.

Calculate theyA-weighted sound pressure level averaged over the measurement surfag

according“to-1S0 3744:2010, 8.2.4.

Confirni that the measured sound pressure level is less than 50 dB.

4

in

re

in
im
in

n

incubator

A HUMIDIFIER with the BREATHING TUBE and other necessary ACCESSORIES intended for use with an
incubator shall comply with the sound pressure level requirements of IEC 60601-2-19:2009,
201.9.6.2.1.101.

20
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Check compliance by application of the tests of IEC 60601-2-19:2009, 201.9.6.2.1.101.

Table 201.102 — Test conditions for acoustic tests

Test condition
Adjustable parameter For a HUMIDIFIER intended to provide an inspired volume
Vinsp 2 300 ml 300 ml = Vipsp 2 50 ml Vinsp < 50 ml

Inspired volume, Vingp? 500 ml 150 ml 30 ml
Ventilatory frequency, f 10 min-1 20 min-! 30/'min-!
I:E ratio 1/2 1/2 1/2
PHEPP 5hPa 5hPa 5hPa
Resistance, Rel211(22](23] 5hPa(l/s)-1+10 % 20 hPa(l/s)1+10 % 50 hPa(l/s)"1+ 10 %
Ispthermal Compliance, C¢ 50 mlhPa1+5% 20mlhPa1+5% 1mlhPa1+£5%

a [Vinsp is measured by means of a pressure sensor on the test lung, where Vr = G%)Prmax.
b 1If the PEEP is adjustable.
¢ [The accuracy for C and R applies over the ranges of the measured parameters.

2D1.10 Protection against unwanted and excessive radiation HAZARDS

IEC 60601-1:2005+AMD1:2012, Clause 10 applies.
2P1.11 Protection against excessive temperatures and other HAZARDS

IEC 60601-1:2005+AMD1:2012, Clause*11 applies, except as follows.
201.11.1.2.2 * APPLIED PARTS not'intended to supply heat to a PATIENT
Amendment:

Nptwithstanding the requirements of IEC 60601-1:2005+AMD1:2012, 11.1.2.2, the allowatIe
maximum temperature._of the ACCESSIBLE PART surfaces of BREATHING TUBES within 25 cm of the
PATIENT-CONNECTION RORT shall not exceed 44 °C.

201.11.6.2 *Overflow in ME EQUIPMENT
Replacement;

a] Liquid overflowing from the LIQUID CONTAINER or LIQUID RESERVOIR shall

1) not wet any MEANS QF PROTECTION thatisliable to be qdvprcp]y affected hy Iir}nid’ nor

2) result in the loss of BASIC SAFETY or ESSENTIAL PERFORMANCE.

b) No HAZARDOUS SITUATION (as specified in IEC60601-1:2005+AMD1:2012,13.1 or
201.13.1.101) or unacceptable RISK due to overflow shall be developed:

1) if the LIQUID CONTAINER or LIQUID RESERVOIR is filled to its maximum capacity;
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2) for a PORTABLE HUMIDIFIER (e.g. table top), if it is tilted through an angle of 10° from any
position of NORMAL USE when operated under NORMAL CONDITION at the maximum

flowrate of NORMAL USE;
3) for a MOBILE HUMIDIFIER (e.g. pole-mounted), if it is

i) tilted through an angle of 20° from any position of NORMAL USE, and

C

dJ

J

f

9j

A

2
A

ii) moved over a threshold as described in IEC 60601-1:2005+AMD1:2012, 9.4,24
and

4) for an ACTIVE HME, in the least favourable orientation;
when operated under NORMAL CONDITION at the maximum flowrate of NORMAL\USE.

heck compliance by the following:

Fill the LIQUID CONTAINER and LIQUID RESERVOIR to the indicated maximum level. Operate t
HUMIDIFIER at its maximum RATED flowrate.

PORTABLE ME EQUIPMENT is subsequently tilted through an-ahgle of 10° in the least favourab
direction(s) (if necessary with refilling) starting from the’position of NORMAL USE.

MOBILE ME EQUIPMENT is subsequently tilted through-an angle of 20° in the least favourab
direction(s) (if necessary with refilling) starting from the position of NORMAL USE and is mov¢
over a threshold as described in IEC 60601-1:2005+AMD1:2012, 9.4.2.4.3.

Return the HUMIDIFIER to normal orientation and subsequently refill the LIQUID CONTAINER to t
maximum level then add a further‘quantity equal to 15 % of the capacity of the LIQU
CONTAINER, poured in steadily over@ period of 1 min.

After these PROCEDURES, the 'HUMIDIFIER is to pass the appropriate dielectric strength ai
LEAKAGE CURRENT tests agnd>is to show no signs of wetting of uninsulated electrical parts
electrical insulation ©f-parts that could result in the loss of BASIC SAFETY or ESSENTI
PERFORMANCE in NORMAL CONDITION or in combination with a SINGLE FAULT CONDITION (based on
visual inspection):;

In addition;yconfirm that there is no more liquid than is specified in 201.13.1.101 exits t
HUMIDIFICATION CHAMBER outlet.

D1.11:6:6 * Cleaning and disinfection of ME EQUIPMENT or ME SYSTEM

e

le

le
20l

e
/D

hd
br
1L

a

e

mendment (add additional requirement as new first paragraph):

aa) GAS PATHWAYS through the HUMIDIFIER and its ACCESSORIES that can become contaminated
with body fluids or expired gases during NORMAL CONDITION or SINGLE FAULT CONDITION that are not

si

22

ngle use

1) shall be designed to allow for cleaning and disinfection or cleaning and sterilization
(additional requirements are found in IEC 60601-1:2005+AMD1:2012, 11.6.7 and

[EC 60601-1-11:2015, Clause 8).

2) Dismantling may be used.
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Amendment (add additional requirement and replace the compliance test):

bb) HUMIDIFIER ENCLOSURES shall be designed to allow for surface cleaning and disinfection to
reduce to acceptable levels the RISK of cross infection of the OPERATOR, other persons or next
PATIENT.

cc) Instructions for processing and reprocessing the HUMIDIFIER and its ACCESSORIES shall
102) comply with ISO 17664:2004 and ISO 14937:2009, and

103) be disclosed in the instructions for use.
NPTE1  ISO 14159 provides guidance for the design of ENCLOSURES.

Check compliance by inspection of the RISK MANAGEMENT FILE. When compliance with this documept
cauld be affected by the cleaning or the disinfecting of the HUMIDIFIER or its pahts or ACCESSORIES,
clean and disinfect them 10 times in accordance with the methods indicate@in the instruction fpr
use, including any cooling or drying period. After these PROCEDURES, confirm’ that BASIC SAFETY and
EYSENTIAL PERFORMANCE are maintained. Confirm that the MANUFACTURER-hds evaluated the effects pf
multiple PROCESS cycles and the effectiveness of those cycles.

NPTE 2  Additional information regarding the order of test is found/in 211.10.1.1.
01.11.6.7 Sterilization of ME EQUIPMENT or ME SYSTEM

DTE Additional requirements are found in [EC 60601-1:2005+AMD1:2012, 11.6.6 and IEC 60601~

2
Amendment (add note before compliance test):
N
1411:2015, Clause 8.

201.11.7 BIOCOMPATIBILITY of ME EQUIPMENT and ME SYSTEMS

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

12}

aa) The MANUFACTURER of a HUMIDIFIER, BREATHING SYSTEM, its parts and ACCESSORIES shall addreps
in the RISK MANAGEMENT PROCESS the RISKS associated with the leaching or leaking of substances
irnfto the GAS PATHWAY.

bb) The GAS PATHWAYS.shall be evaluated for BIOCOMPATIBILITY according to ISO 18562-1:—.

cq¢) Special attentionZshall be given to substances which are carcinogenic, mutagenic or toxic to
regproduction.

dd) The ACEESSIBLE PARTS and GAS PATHWAYS of a HUMIDIFIER, BREATHING SYSTEM, its parts ¢r
ACCESSORIES that contain phthalates which are classified as carcinogenic, mutagenic or toxic fo
reéproduction shall be marked as containing phthalates on the device itself or on the packaging
thatit.contains phthalates.

N ACOQL INd4 4 11 _ONna NNy o4 nag 110 1 1
10700.2U11 ([IdDIC ZU1L1.U.4.1VU 1, SyII1DOT O J IIIdy D€ USCU.

Y ianll 1 1 £
€€)— I'Te Synmoor o1 o1

ff) If the INTENDED USE of a HUMIDIFIER, BREATHING SYSTEM, its parts or ACCESSORIES include
treatment of children or treatment of pregnant or nursing women, a specific justification for the
use of these phthalates shall be included in the RISK MANAGEMENT FILE.

gg) The instructions for use of a HUMIDIFIER, BREATHING SYSTEM, its parts or ACCESSORIES that
contain such phthalates shall contain
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100) information on RESIDUAL RISKS for these PATIENT groups, and
101) if applicable, on appropriate precautionary measures.

201.12 Accuracy of controls and instruments and protection against hazardous
outputs

IEC60601-1:2005+AMD1:201 2, Clause 12 ;\pplipcl exceptas followzs
201.12.1 Accuracy of controls and instruments
Amendment (add after existing sentence):

aa) The HUMIDIFIER may provide means to reduce the visibility of its controls and indicato
either automatically or by the OPERATOR action.

bb) If provided, the HUMIDIFIER shall automatically resume normal visibility-"during an ALAR
CONDITION.

Check  compliance by functional testing and application” of the tests
IRC 60601-1:2005+AMD1:2012, 7.1.2.

Additional subclauses:
201.12.1.101 * HUMIDIFICATION OUTPUT

a] Over the range of flowrates, settings, ambient temperature, and gas inlet temperature ar
humidity of NORMAL USE, the HUMIDIFICATION OUTBUT at the PATIENT-CONNECTION PORT shall n
be less than:

1) 33 mg/l for a category 1 HUMIDIFIER\0perating in a mode intended for a PATIENT who
upper airways have been bypasséd (invasive ventilation).

b) Over the range of flowrates, ambient temperature, and gas inlet temperature and humidi
PATIENT-CONNECTION PORT.0f\at least:

2) 12 mg/1 for a category 1 HUMIDIFIER operating in a a mode intended for a PATIENT who
upper airways.have not been bypassed (non-invasive ventilation);

3) 12 mg/lfor'a category 2 HUMIDIFIER.
c] The HUMIDIFICATION OUTPUT shall either be

4) \(determined for each BREATHING SYSTEM configuration indicated in the instructions f
use, or

of NORMAL USE, the HUMIDIFIER shall be capable of delivering a HUMIDIFICATION OUTPUT at the

I'S

M

1d

b

Ly

be

pr

5) determined for the worst-case BREATHING SYSTEM configurations indicated in the

instructions for use.

NOTE The worst-case BREATHING SYSTEM configuration can be different for different

flowrates and HUMIDIFICATION OUTPUT.

d) If worst-case BREATHING SYSTEM configurations are used, the rationale for their selection shall

be documented in the RISK MANAGEMENT FILE.
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e) The HUMIDIFICATION OUTPUT (in mg/1) over the RATED range of gas flowrates and settings shall

be disclosed in the instructions for use.

Check compliance by inspection of the instructions for use and RISK MANAGEMENT FILE for the
rationale, if applicable, and with the tests of Annex C.

201.12.1.102 * SET TEMPERATURE accuracy and MONITORING EQUIPMENT

a

A INMIPEIER chall bha aqaas adanath an Ar annrcverens that s ol dac.
THEE S

a

c}

pal no.
I O VIO T TETC SO T O T CquTp Pt O vy It ot 1O v S T T EIvE o e ircratrcs

heck compliance by functional testing:

D1.12.1.103 * MEASURED GAS TEMPERATURE MONITORING EQUIPMENT

1) atleast a MEDIUM PRIORITY ALARM CONDITION for a category 1 HUMIDIFIER; or

2) if equipped with SET TEMPERATURE MONITORING EQUIPMENT, at least a LOW PRIQRITY ALAR
CONDITION for a category 2 HUMIDIFIER;

to indicate that the MEASURED GAS TEMPERATURE, when averaged over a.5min period, diffe
by more than #2 °C from the SET TEMPERATURE during NORMAL USE.

These ALARM CONDITIONS need not be activated during the start*up period or during the

transition to a new state of thermal equilibrium following a change in gas flowrate or chang
in SET TEMPERATURE.

NOTE The requirements for thermal overshoot of 201:12.4.101 apply during these periods
transition.

The maximum start-up period in NORMAL USE, the warm-up time for the MEASURED G

TEMPERATURE to reach the SET TEMPERATUREfrom a starting temperature of (23 * 2) °C, shz
be disclosed in the instructions for use.

The HUMIDIFIER may be equipped with MEASURED GAS TEMPERATURE MONITORING EQUIPMENT th
displays the temperature,

If equipped, the MEASURED GAS TEMPERATURE MONITORING EQUIPMENT shall
1) have a RATED range of at least 25 °C to 45 °C, and
2) beaccurate to +2 °C over the RATED range.

Theraccuracy of the MEASURED GAS TEMPERATURE MONITORING EQUIPMENT shall be disclosed
the instructions for use.

M

'S

pe

of

NS
1l

in

Check compliance by inspection of the instructions for use, functional testing and with the tests of
Annex BB.
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201.12.4 Protection against hazardous output
Additional subclause:

201.12.4.101 * Thermal overshoot

In NORMAL USE and SINGLE FAULT CONDITIONS and over the RATED flowrate range and at the
maximum RATED operating temperature, the DELIVERED GAS TEMPERATURE of the HUMIDIFIER shall
not exceed an energy equivalent to 43 °C and 100 % RELATIVE HUMIDITY (a specific enthalpy not to

exceed 197 kJ/m3 dry air) when averaged over 120 s.

Table 201.103 contains examples of combinations of temperature and RELATIVE HUMIDITY. for 4
wlith such a specific enthalpy.

NPTE HUMIDIFIERS are commonly used with air and oxygen mixtures. The thermal oyershoot limit
197 kJ/m3 of dry gas when averaged over 120 s also applies to other gas mixtures, such as*helium-oxyg

likely different for other gas mixtures and will need to be calculated.

Check compliance with the following test.
a) Assemble the HUMIDIFIER, BREATHING TUBES and ACCESSORIES as indicated in the instructions fi
use.

b) Fill the HUMIDIFICATION CHAMBER to its maximum level priér to each test. Operate the HUMIDIFI
at its minimum RATED flowrate and wait 30 min.

c) Quickly adjust the flowrate to the maximum RATED flowrate and with a sampling period f
greater than 2 s, measure the DELIVERED GAS TEMPERATURE for the next 240 s.

Table 201.103 — Examples of permissible combinations of temperature
and RELATIVE HUMIDITY in air

Temperature RELATIVE HUMIDITY
°C %
43 100
44 95
45 90
48 76
50 71

d) Calctilate the specific enthalpy using the method of Annex DD.

mifixtures, where the instructions for use includes use with other gas mixtures. The'temperature limit|i

ir

ER

10

e} “Confirm that the specific enthalpy averaged over 120 s does not exceed 197 kj/m3 during t

e

240 s measurement period.

f] Repeat b) to e), starting at the maximum RATED flowrate and quickly adjusting to the minimum

RATED flowrate.

g) Operate the HUMIDIFIER at its minimum RATED flowrate and maximum RATED SET TEMPERATURE

and wait 30 min.
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h) Turn off the gas flow for 3 min.

i) Return the gas flow to the minimum RATED flowrate and with a sampling period no greater
than 2 s, measure the DELIVERED GAS TEMPERATURE and AIRWAY PRESSURE for the next 240 s.

j) Calculate the specific enthalpy using the method of Annex DD.

kl—Confirm-that-the-specific-enthalpyv-averaged-over-120 s does not-exceed 197kl /m3 during-the
J r J ro Jd J7/ Jd

240 s measurement period.

)] Repeat g) to k), starting at the average RATED flowrate.
m) Repeat g) to k), starting at the maximum RATED flowrate.
n) Operate the HUMIDIFIER with no flow and wait 30 min.

o) Quickly adjust the flowrate to the maximum RATED flowrate and with a sampling period no
greater than 2 s, measure the DELIVERED GAS TEMPERATURE and -AIRWAY PRESSURE for the next
240s.

NOTE Equipment modifications can be necessary for a HUMIDIFIER that is activated by its integrated
flow generator.

p) Calculate the specific enthalpy using the method of-Annex DD.

q) Confirm that the specific enthalpy does not exceed 197 k]/m3 when averaged over 120 s during
the 240 s measurement period.

201.13 HAzARDOUS SITUATIONS and fault conditions for ME EQUIPMENT

IEC 60601-1:2005+AMD1:2012, Clause 13 applies, except as follows.
Additional subclauses:
201.13.1.101 * Additional specific HAZARDOUS SITUATIONS

I NORMAL CONDITION~and SINGLE FAULT CONDITION, a HUMIDIFIER shall be so constructed that the
fallowing HAZARDQUS'SITUATIONS shall not occur:

a)] the volumepfliquid exiting the HUMIDIFICATION CHAMBER outlet shall not exceed:

1) 10.ml in 1 min or 2,0 ml in 1 h when intended for use with PATIENTS weighing less thdn
Skg;

21 C ml 1 20.ml 1 h f U oth PATIENTS
Z—- R0 R0 0HReF RPAHENTS:

Check compliance with functional testing.
201.13.2.101 Additional specific SINGLE FAULT CONDITIONS

A HUMIDIFIER shall be so constructed that the following SINGLE FAULT CONDITIONS shall not cause an
unacceptable RISK:

a) operation of the HUMIDIFIER without any liquid;
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b) if the HUMIDIFIER includes a sensor or sensors that are responsible for the condition of the

gas delivered to the PATIENT, any failure of a sensor or the sensing system.

EXAMPLE 1 Sensor single open-circuit.

EXAMPLE 2  Sensor single short-circuit.

EXAMPLE 3 Sensor disconnected from the HUMIDIFIER control system.

E}

A

ad

KAMPLE 4 Sensor disconnected from BREATHING TUBE or HUMIDIFIER.

neck compliance by functional testing and inspection of RISK MANAGEMENT FILE.

D1.13.102 * Independence of HUMIDIFICATION control function and related/RISK CONTROL
easures

A SINGLE FAULT CONDITION shall not cause the HUMIDIFIER-contrel) function and the
corresponding PROTECTION DEVICE to fail simultaneously.

A SINGLE FAULT CONDITION shall not cause

1) the HUMIDIFIER-control function and the correspondifig' MONITORING EQUIPMENT, or

2) the HUMIDIFIER-control function and the corresponding ALARM SYSTEM

fail in such a way that the loss of the HUMIDIFIER:control function is not detected.
neck compliance by inspection and functional testing.

01.14 Programmable electrical médical systems (pems)

C60601-1:2005+AMD1:2012, Clause 14 applies, except as follows.
D1.14.1 General
mendment (extend the last paragraph prior to the compliance check with):

1) The humidity and temperature control PESS of the HUMIDIFIER PEMS without an independent
hrdware RISK CONTROLmeasure shall be considered as

100) for _a&~'category 1 HUMIDIFIER, software safety ClassC as defined |n
IEC 62304:2006+AMD1:2015.

101)-& for a category 2 HUMIDIFIER, at least software safety ClassB as defined |n
IE€.62304:2006+AMD1:2015.

b

) ~The software safety class for a Category 2 HUMIDIFIER shall not be reduced from Class B to

Class A with an independent hardware RISK CONTROL measure.
201.15 Construction of ME EQUIPMENT

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

Additional subclause:
201.15.101 Mode of operation
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A HUMIDIFIER shall be suitable for CONTINUOUS OPERATION.

Check compliance by inspection.
201.16 ME SYSTEMS

IEC 60601-1:2005+AMD1:2012, Clause 16 applies, except as follows.

Additional subclause:

201.16.1.101 Additional general requirements for ME SYSTEMS

CCESSORIES connected to the HUMIDIFIER shall be considered to form an ME SYSTEM ®&vith the
JMIDIFIER.

A
H
Check compliance by application of the relevant tests of IEC 60601-1:2005+AMD1:2012.
2P1.17 Electromagnetic compatibility of ME EQUIPMENT and ME SYSTEMS

IHC 60601-1:2005+AMD1:2012, Clause 17 applies.
Adlditional clauses:

2P1.101 BREATHING SYSTEM connectors and ports

201.101.1 * General

a] Ifa HUMIDIFIER is intended to be placed in a BREATHINGSYSTEM, any conical connector shall
1) comply with ISO 5356-1:2015, or

2) not engage with those connectors or with connectors complying with
[SO 80369-1:2010.

b) A non-conical connector shall

1) not engage with a conical connector complying with ISO 5356-1:2015, unless the¢y
comply with theengagement, disengagement and leakage requirements of thpt
standard.

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

201.101.2 PATIENT-CONNECTION PORT

Iflequipped,.thie PATIENT-CONNECTION PORT shall be one of the following:

a] afemale 15 mm conical connector complying with ISO 5356-1:2015;

b) “aoaxial 15 mm/22 mm conical connector complying with ISO 5356-1:2015.

Check compliance by application of the tests of ISO 5356-1:2015.
201.101.3 FLOW-DIRECTION-SENSITIVE components

Any OPERATOR-detachable FLOW-DIRECTION-SENSITIVE COMPONENT of the HUMIDIFIER shall be so
designed that it cannot be fitted in such a way that it presents an unacceptable RISK to the
PATIENT.
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Check compliance by inspection of OPERATOR-detachable FLOW-DIRECTION-SENSITIVE COMPONENTS and
inspection of the RISK MANAGEMENT FILE.
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201.101.4 * ACCESSORY port

If

provided, each ACCESSORY port of the HUMIDIFIER, BREATHING SYSTEM, its parts and ACCESSORIES

shall
a) comply with ISO 80369-1:2010, and

b) be provided with a means to secure the ACCESSORY in position and a means to secure closure

Aftar raxmaaual ofilha AccoccnnDy
aree e ovVare—tneAtcerSoorY-

NOTE 1 Itis expected that the RESP-125 (R1) connector of ISO 80369-2[11] will meet this ctiterion.

NOTE 2  This port is generally used for measuring pressure, sampling of gases or for|introductign
of therapeutic aerosols.

heck compliance by inspection and application of the tests of 1SO 80369-1:2010;
D1.101.5 Monitoring probe port
a port is provided for introduction of a monitoring probe, it:
shall not be compatible with connectors specified in ISO 53561:2015;
shall be provided with a means to secure the probe)in’ position and a means to secure
closure after removal of the probe.
neck compliance by inspection and application of thédests of 1SO 5356-1:2015.
p1.101.6 Oxygen inlet port
An oxygen inlet connector of the HUMIDIRIER, BREATHING SYSTEM, its parts and ACCESSORIES thpat

is OPERATOR-accessible without the use’of a TOOL shall comply with ISO 80369-1:2010.

A HUMIDIFIER with this inlet\connector shall maintain BASIC SAFETY and ESSENTIAL
PERFORMANCE with oxygen supply systems up to 600 kPa, in NORMAL CONDITION.

NOTE It is expected_that the RESP-6000 (R2) connector of ISO 80369-2[11 will meet tHis
criterion.

neck compliance pyfunctional testing and application of the tests of ISO 80369-1:2010.
D1.101.7 Other connectors

the HUMIDIFIER, BREATHING SYSTEM, its parts or ACCESSORIES is fitted with any other type pf
nnecter; these connectors:

shall mate with BREATHING TUBES that comply with ISO 5367:2014;

b) shall not accept or permit connection with either

1) the 15 mm or 22 mm conical connectors complying with ISO 5356-1:2015, or

2) the connectors complying with ISO 80369-1:2010.

Check compliance by inspection and application of the tests of 1SO 5367:2014.

©

ISO 2017 - All rights reserved 31


https://standardsiso.com/api/?name=869eb21e17dda779a7006496f418faaf

ISO 80601-2-74:2017(E)

201.101.8 Removable temperature sensors and ports
201.101.8.1 Security

When the sensors or mating ports are engaged in NORMAL USE, the connection shall not become
disconnected under the conditions of

a) no flow, or

b] maximum RATED flowrate.

neck compliance by functional testing under the conditions of no flow or maximuim-RATED
bwrate.

D1.101.8.2 * Leakage

C

fl

2

The leakage from an engaged sensor or mating port shall not exceed 5 ml/min at a pressure pf
6 cmH-0.

Check compliance by functional testing.

201.101.8.3 Construction

Removable sensors and ports shall

a] meetthe dimensional requirements of Annex EE, or
b) be sufficiently different that they cannot be interchanged with those that do.

Check compliance by inspection and functional testing or by application of the tests of Annex EE.
201.101.9 Other orifices

If{the HUMIDIFIER, BREATHING SYSTEM, its parts and ACCESSORIES incorporate an independent filli:tg
o ACCESSORY orifice (e.g. an air entrainment or a heater orifice), that orifice shall not accept any

a] the connectors specified in\lSO 5356-1:2015, or
b) the connectors complying with ISO 80369-1:2010.

Check compliance by~inspection.

2D1.102 Reguirements for the BREATHING SYSTEM and ACCESSORIES

201.102.1. ) * General

All BREATHING SYSTEMS, their parts and ACCESSORIES shall comply with the requirements of this
dpcument, whether they are produced by the MANUFACTURER of the HUMIDIFIER or by another
entity (“third-party manuiacturer or nealthcare provider).

Check compliance by the tests of this document.
201.102.2 Labelling

a) The MODEL OR TYPE REFERENCE of at least one compatible HUMIDIFIER shall be disclosed in the
ACCOMPANYING DOCUMENT, or packaging label provided with each BREATHING SYSTEM or
ACCESSORY, compliant with 201.102.1.
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b) Statements shall be included in the ACCOMPANYING DOCUMENT or packaging label of each

BREATHING SYSTEM, part or ACCESSORY to the effect that:

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

humidifiers;

2) incompatible parts can result in degraded performance which can affect safety;

3) the responsible organization is accountable for the compatibility of the humidifier ar
all of the parts and accessories used to connect to the patient and other equipme
before use.

neck compliance by inspection of the ACCOMPANYING DOCUMENT.

C

201.102.3 * BREATHING TUBES
201.102.3.1 Non-heated BREATHING TUBES
B

REATHING TUBES, other than heated BREATHING TUBES, intended for use-in the BREATHING SYSTH
shall comply with I[SO 5367:2014 at the maximum HUMIDIFICATION QUTPUT of the HUMIDIFIER.

heck compliance by application of the tests of 1SO 5367:2014 while connected to the specifi
UMIDIFIER operated at its maximum RATED output.

pated BREATHING TUBES intended for use in the BREATHING SYSTEM shall not collapse on bendin
cclude or otherwise cause loss of BASIC SAFETY, 0¥ ESSENTIAL PERFORMANCE when the BREATHI)
TUBES are subject to the maximum RATED output power of the specified HEATED BREATHING TU
CONTROLLER, including under conditions of no,flow.

C
H
201.102.3.2 Heated BREATHING TUBES
H
(0)

Check compliance by application of the-tests of ISO 5367:2014, Annex E and Annex G, whi
cqnnecting the HEATED BREATHING .TUBES to the specified HEATED BREATHING TUBE CONTROLLJ
operated at its maximum RATED output at both the maximum flowrate and no flow conditions.

201.103 LiQUID CONTAINER

201.103.1 Liquid leyel

—
—

iquid level:

a)] in the LIQUID CONTAINER;

b) if provided, the LIQUID RESERVOIR;

For category 1 HUMIBIFIERS, means shall be provided to permit the OPERATOR to determine the

1d

M

pd

28

NG
BE

le
R

wiithout dismantling the HUMIDIFIER.

Check compliance by inspection.
201.103.2 Filling cap
Reusable filling caps, if provided, shall be tethered to part of the HUMIDIFIER.

Check compliance by inspection.
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201.104 FUNCTIONAL CONNECTION

201.104.1 * General

BASIC SAFETY and ESSENTIAL PERFORMANCE of the HUMIDIFIER shall be maintained if

a) connections to the FUNCTIONAL CONNECTION of a HUMIDIFIER, including the heated BREATHING

TUBE controller, are disrupted, or

ad

bl
ES

A
N

the equipment connected to those parts fails.

heck compliance by functional testing.
D1.104.2 * Connection to an electronic health record

Category 1 HUMIDIFIER should be equipped with a FUNCTIONAL CONNECTION-that permits dafa
ansmission from the HUMIDIFIER to, for example, an electronic health records

01.104.3 * Connection to a DISTRIBUTED ALARM SYSTEM

Category 1 HUMIDIFIER should be equipped with a FUNCTIONALJCONNECTION that permifs
nnection to a DISTRIBUTED ALARM SYSTEM.

01.104.4 Connection for remote control

HUMIDIFIER may be equipped with a FUNCTIONAL CONNECTION for external control of the
JMIDIFIER.

D2 Electromagnetic disturbances — Requirements and tests

C 60601-1-2:2014 applies except as follows
Hdition:
D2.4.3.1 Configurations

C 60601-1-2:2014 applies except-as follows.
mendment (add after the lgstdash of 4.3.1):
1) attachment of the breathing tubes to the humidifier or heated breathing tube controller;

b) if applicable, attachment of ACCESSORIES as necessary to achieve the BASIC SAFETY and
SENTIAL PERFORMANCE of the HUMIDIFIER.

D2.5.2.2.1 <Requirements applicable to all ME EQUIPMENT and ME SYSTEMS

mendmeht [add note to list element b)]:

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

A

I )
UUILIOTL.

202.8.1.101 * Additional general requirements

a) The following degradations, if affecting BASIC SAFETY, shall not be allowed:

1) component failures;

2) changes in programmable parameters or settings;
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3) reset to default settings;
4) change of operating mode;

5) the specific enthalpy at the HUMIDIFIER output averaged over 120 s exceeding 197 k]/m

3-

NOTE1 Table AA.1 indicates the conversion from the values of dew point to the units of mg/1

(reference BTPS) for use when using a dew point hvgrometer to monitor the HUMIDIFICATION QUTP

JT

when determining the specific enthalpy at the HUMIDIFIER output.

NOTE 2  MANUFACTURERS are encouraged to consider monitoring a control signal to the‘heater
determine if controlled heating is occurring in lieu of monitoring specific enthalpy.

performance indicated in the instructions for use during IMMUNITY testing) that does n
affect BASIC SAFETY or ESSENTIAL PERFORMANCE.

D6 Usability

C60601-1-6:2010+AMD1:2013 applies except as follows.
br a HUMIDIFIER, the following shall be considered PRIMARY ORERATING FUNCTIONS:

observing monitored humidification parameters;

filling the LIQUID CONTAINER and, if provided, the©:IQUID RESERVOIR;

observing the water level in the LIQUID CONTAINER and, if provided, in the LIQUID RESERVOIR;
configuring the ACCESSORIES including‘Connection of the detachable parts to the HUMIDIFIER;

EXAMPLE 1 Heated breathingtube controller, water trap, breathing tubes, breathing system filtg
monitoring equipment.

connecting the PATIENT-CONNECTION PORT to the PATIENT-interface;
disconnecting the-PATIENT-CONNECTION PORT from the PATIENT-interface;
reprocessing the ACCESSORIES;

startingthe HUMIDIFIER from power off;

turning off the HUMIDIFIER;

The HUMIDIFIER may exhibit temporary degradation of performance (e.g. deviation from the

to

Dt

=

j)

performing a basic pre-use functional check of the HUMIDIFIER including the ALARM SIGNALS.

The following functions, if available, shall also be considered PRIMARY OPERATING FUNCTIONS:

k) connecting the HUMIDIFER to the flow source (e.g. ventilator);

D)

disconnecting the HUMIDIFER from the flow source (e.g. ventilator);

m) setting the OPERATOR-adjustable controls, including:

©
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1) switching between different humidification modes;
2) setting humidification control parameters;
3) setting ALARM LIMITS;

4) inactivating ALARM SIGNALS;

n) starting humidification from standby;
0] activating standby.

The following actions associated with humidification also shall be considered PRIMARY OPERATING
FYNCTIONS:
NPTE For the purposes of this document, the following functions are considered PRIMARY OPERATING
FUNCTIONS even though they are not performed on the HUMIDIFIER'S OPERATOR-EQUIPMENT INTERFACE.
p)] adding medication to the gas flowing into the PATIENT;

EXAMPLE 2 Injecting fluids into the ancillary port connectiofh/of the BREATHING SYSTEM.

q) for a TRANSIT-OPERABLE equipment, positioning the “PATIENT and the equipment on|a
wheelchair or trolley.

206.5 Replacement of requirements given in‘IEC 62366117]
Amendment (add at the end of the last paragraph of Clause 5):

The summary of the application specification shall include HUMIDIFIER classification as specifi¢d
i 201.6.101.

NPTE The “application specificatian’*of IEC 62366[17] is called the USE SPECIFICATION in IEC 62366-
1420151181,

2P8 General requirements, tests and guidance for alarm systems in medical
electrical equipment and medical electrical systems

IEC 60601-1-8:2006+AMD1:2012 applies except as follows.

Additional subClatses:

208.6.8.4¢101 * Additional requirements for termination of ALARM SIGNAL inactivation

For category 1 HUMIDIFIERS, the duration of AUDIO PAUSED or ALARM PAUSED for the ALARM
CONDITIONS required by this document shall not exceed 120 s without OPERATOR intervention.

NOTE This permits an OPERATOR to deliberately extend the duration of AUDIO PAUSED by direct action.

Check compliance by functional testing.

211 Requirements for medical electrical equipment and medical electrical
systems used in the home healthcare environment

[EC 60601-1-11:2015 applies except as follows.

211.10.1.1 General requirements for mechanical strength
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Amendment (add the before first paragraph):

a) The tests of IEC 60601-1-11:2015, Clause 10 and of IEC 60601-1:2005+AMD1:2012, 15.3
shall be performed on the same sample of the HUMIDIFIER after the cleaning and disinfection
PROCEDURES of 201.11.6.6 of this document have been performed unless there are no
cleaning and disinfection PROCEDURES specified in the instructions for use.

b) If more than one PROCEDURE is specified in the instructions for use, each PROCEDURE shall be
so tested.

c] A separate sample of the HUMIDIFIER may be used for each specified PROCEDURE.

IEC 60601-1:2005+AMD1:2012, annexes apply, except as follows.
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Annex C
(informative)

Guide to marking and labelling requirements for ME EQUIPMENT and

ME SYSTEMS

ldition:
D1.C.1.101 Marking on the outside of a HUMIDIFIER or its parts

hble 201.C.101.

D1.C.1 Marking on the outside of ME EQUIPMENT, ME SYSTEMS or their parts

Table 201.C.101 — Marking on the outside of a HUMIDIFIER or its parts

C60601-1:2005+AMD1:2012, Annex C of the general standard applies, except as follows.

ditional requirements for marking on the outside of a HUMIDIFIER ordits parts are found |n

Description of marking Subclause
Arly particular storage and/or handling instructions, if applicable 201.7.2.101b
Arly particular warnings and/or precautions relevant to the immediate operation of the| 201.7.2.101c
HUMIDIFIER, if applicable
Arrow indicating the direction of the flow for FLOW=DIRECTION-SENSITIVE COMPONENTS, if| 201.7.2.101d
applicable
Containing natural rubber latex, if applicable 201.7.2.13.101
For ACCESSORIES supplied separately, indication of any limitations or adverse effects of| 201.7.2.4.101
the ACCESSORY on the BASIC SAFETY ‘Op ESSENTIAL PERFORMANCE of the HUMIDIFIER, if
applicable
For ACCESSORIES supplied sepdrately, the requirements of 201.7.2.101, 201.7.2.13.101| 201.7.2.4.101
and 201.7.2.17.101
For each HUMIDIFIER, patt-and ACCESSORY, contains phthalates, if applicable 201.11.7
For packaging, containing natural rubber latex, if applicable 201.7.2.17.101|c)
For packagingsdescription of the contents 201.7.2.17.101Ja)
For packaging, identification reference to the batch, type or serial number 201.7.2.17.101(b)
Maximum and minimum liquid levels 201.7.2.101 a
Pl COSUIT dt VV}liL}l tllU pressurc=1 CliUf FRUTEUTIUN DEVIUE UPTIILS, lf Pl UvidUd L0172101 <)
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201.C.4 ACCOMPANYING DOCUMENTS, general
Addition:
201.C.4.101 ACCOMPANYING DOCUMENTS, general, of a HUMIDIFIER

Additional requirements for ACCOMPANYING DOCUMENTS, general, of a HUMIDIFIER are found in
Table 201.C.102.

——Fable 201-6-102—ACCOMPANVING DOCUMENTS;- general-oF-a- HUMIDHFHER—————

Description of requirement Subclause

For each BREATHING SYSTEM and ACCESSORY, the MODEL OR TYPE REFERENCE of at least 201,102.2
ome compatible HUMIDIFIER

For each BREATHING SYSTEM, part and ACCESSORY, a statement to the effect that 201.102.2 a)
bifeathing systems, their parts and accessories are validated for use with specifig
hyimidifiers

For each BREATHING SYSTEM, part and ACCESSORY, a statement to the effect that 201.102.2 b)
infcompatible parts can result in degraded performance

For each BREATHING SYSTEM, part and ACCESSORY, a statement to the effect that the 201.102.2 ¢)
rgsponsible organization is accountable for the compatibility of theshumidifier and
al] of the parts and accessories used to connect to the patient beforeuse

HPMIDIFIER is a high flow device warning, if applicable 201.4.11.101.2 3
iii)

Maximum time-weighted average input flowrate for each gas, if applicable 201.4.11.101.2 3)[i)

Mpximum transient input flowrate for each gas, ifapplicable 201.4.11.101.2 3
ii)

hme or trade name and address of the MANUFACTURER and where the MANUFACTURER 201.7.9.1

N
dges not have an address within the locale“an authorized representative
U

hits of measure for volumes, flows and leakages expressed as STPD or BTPS, as 201.7.4.3
appropriate

201.C.5 ACCOMPANYING DOCUMENTS, instructions for use

Addition:

201.C.5.101..<ACCOMPANYING DOCUMENTS, instructions for use of a HUMIDIFIER
A

Hditional 'requirements for ACCOMPANYING DOCUMENTS, instructions for use of a HUMIDIFIER ate
fqund in-Table 201.C.103.

© IS0 2017 - All rights reserved 39



https://standardsiso.com/api/?name=869eb21e17dda779a7006496f418faaf

ISO 80601-2-74:2017(E)

Table 201.C.103 — ACCOMPANYING DOCUMENTS, instructions for use of a HUMIDIFIER

Description of requirement Subclause
Accuracy of the MEASURED GAS TEMPERATURE MONITORING EQUIPMENT 201.12.1.103
Any adverse effect of any recommended ACCESSORY on the BASIC SAFETY or ESSENTIAL | 201.7.9.2.14.101
PERFORMANCE of the HUMIDIFIER, if applicable )

47 O a0 a g

Any maturat tubbertatex-comntaining components; if appticable

Description of the INTERNAL ELECTRICAL POWER SOURCE care and maintenance
PROCEDURES, including instructions for recharging or replacement, if applicable

201.7.9.2:13b)

Description of the periodic visual safety inspections that should be performed by the
OHERATOR

201,7.9.2.13 a}

Disclosed application specification includes the HUMIDIFIER classification as specified
inf201.6.101

206.5

Disclosure of any restrictions on the placing of components within the BREATHING
SYSTEM, if applicable

201.7.9.2.14.10[L
b)

Fgr a HUMIDIFIER, its parts or ACCESSORIES intended for single-use, information on
known characteristics and technical factors known to the MANUFACTURER that could
pose a RISK if the HUMIDIFIER, its parts or ACCESSORIES would be reused

201.7.9.2.1.102 a)

Fgr a HUMIDIFIER, its parts or ACCESSORIES intended for single-use, that it is single use
and the intended duration of use

201.7.9.2.1.102 p)

For ACCESSORIES supplied separately where marking the ACCESSORY is not practicable, 201.7.2.4.101
thle requirements of 201.7.2.4.101, 201.7.2.13.101 and*201.7.2.17.101, if not marked
For each HUMIDIFIER, part and ACCESSORY, information on RESIDUAL RISKS for children or 201.11.7

treatment of pregnant or nursing women-and, if applicable, on appropriate
prtecautionary measures for devices that contain phthalates

Fgr the LAY OPERATOR instructions;_an explanation of the meaning of the IP

201.7.9.2.9.101{1

classification b)
Fgr the LAY OPERATOR instructions, an indication of the expected duration of operation | 201.7.9.2.9.101{1
between refills d)
For the LAY OPERATOR.instructions, conditions under which the HUMIDIFIER maintains | 201.7.9.2.9.101{1
thle accuracy of contrelled and displayed variables a)

Fgr the LAY OPERATOR instructions, method by which all of the ALARM SIGNALS can be
functionallytested to determine if they are operating correctly, if equipped with an
AIARM SYSTEM

201.7.9.2.8.101

For the LAY OPERATOR instructions, the maximum volume of water, expressed in ml,
available for vaporization contained in the LIQUID CONTAINER and, if provided, in the

201.7.9.2.9.101f1
c)

LIQUID RESERVOIR

For the LAY OPERATOR instructions, the specifications of any ACCESSORIES or equipment
required to perform the tests described in 201.7.9.2.8.101

201.7.9.2.8.101

40

© IS0 2017 - All rights reserved



https://standardsiso.com/api/?name=869eb21e17dda779a7006496f418faaf

IS0 80601-2-74:2017(E)

Table 201.C.103 (continued)

Description of requirement

Subclause

For the supervising clinician or the healthcare professional OPERATOR instructions and
for a HUMIDIFIER that entrains air for the purpose of diluting oxygen, a
recommendation that the oxygen concentration be measured at the point of delivery
to the PATIENT

201.7.9.2.9.101.2
k)

Fgr the supervising clinician or the healthcare professional OPERATOR instructions and
for a HUMIDIFIER that entrains air for the purpose of diluting oxygen, a statement to
thle effect that the oxygen concentration can be affected by a partial obstruction
dgwnstream of the HUMIDIFIER

201.7.9.2.9.101f2
k)

Fgr the supervising clinician or the healthcare professional OPERATOR instructions, the
edsential technical characteristics of each recommended BREATHING SYSTEM FILTER, if
applicable

201.7.9.2.9.101f2
j)

Fgr the supervising clinician or the healthcare professional OPERATOR instructions; the
gds leakage of the HUMIDIFIER or individual components, as appropriate) at the
mpximum RATED pressure

201.7.9.2.9.101f2
f)

Fgr the supervising clinician or the healthcare professional OPERATOR instructions for
uge, the information contained in instructions for use for LAY OPERATOR

201.7.9.2.1.101

For the supervising clinician or the healthcare professional OPERATOR instructions, the
known adverse effects on the performance of the HUMIDIRIER when exposed to, for
example, electrocautery, electrosurgery, defibrillation, X-ray (gamma radiation),
igfrared radiation, conducted transient magnetic fields<ncluding magnetic resonance
imaging (MRI), and radiofrequency interference

201.7.9.2.9.101f2
i)

Fgr the supervising clinician or the healthcare professional OPERATOR instructions, the
location in the HUMIDIFIER or ACCESSORIES 4t0) which the displayed MEASURED GAS
THMPERATURE is referenced

201.7.9.2.9.101f2
e)

Fgr the supervising clinician or the healthcare professional OPERATOR instructions, the
mphximum DELIVERED GAS TEMPERATURE, if the HUMIDIFIER is not provided with a means
of continuously indicating the MEASURED GAS TEMPERATURE

201.7.9.2.9.101f2
d)

Fgr the supervising clinician or the healthcare professional OPERATOR instructions, the

201.7.9.2.9.101{2

MAXIMUM LIMITED PRESSURE of the HUMIDIFIER and ACCESSORIES a)
Fgr the supervising cliniCian or the healthcare professional OPERATOR instructions, the | 201.7.9.2.9.101{2
MAXIMUM OPERATING PRESSURE b)
For the supervising clinician or the healthcare professional OPERATOR instructions, the | 201.7.9.2.9.101{2
RATED range_of environmental operating conditions (temperature and altitude) of c)

NQRMALUSE

Fgrithe'supervising clinician or the healthcare professional OPERATOR instructions, the

201.7.9.2.9.101.p

IIl.llilllulll, llldAilllulll dlld RATED 1augc Uf ﬂUVVldtC, UAS FATHVVATY leibtdllLE dlld UAS
PATHWAY compliance of the assembled OPERATOR-detachable parts, over which the
accuracies of set and monitored humidification are maintained, unless the HUMIDIFIER
is integrated into other equipment

&)

For the supervising clinician or the healthcare professional OPERATOR instructions,

201.7.9.2.9.101.2

pressure drop, as a function of flowrate, across the HUMIDIFIER and ACCESSORIES or h)
individual components, unless the HUMIDIFIER is integrated into other equipment
HUMIDIFICATION OUTPUT (in mg/1) over the RATED range of gas flowrates and settings 201.12.1.101
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Table 201.C.103 (continued)

Description of requirement Subclause
List of the applicable parameters such as temperature, pressure, humidity, time 201.7.9.2.12
limits and number of cycles that such ME EQUIPMENT, parts or ACCESSORIES can tolerate
Maximum start-up period in NORMAL USE 201.12.1.102
Pl ULCbbillB Ul Icpl U\,Cbbills FRUCLESS illbtl u\,tiuua lCUl thc AOUNMIDITIER aud ltb AULLSOSURILES LU1.1 1.U.U

Q

hality and purity of the water to be used in the HUMIDIFIER, and that adding other

sybstances can have adverse effects

201.7.9.2.1.102

T3
—

R

bcommended mounting methods and other relevant installation information

201.7.9.2.6

Sgparate instructions for use for LAY OPERATOR

201.7.9.2.1.101

Sgparate instructions for use for supervising clinician or the healthcare professionat

OHERATOR

201.7.9.2.1.101

IN

St of ACCESSORIES and, if applicable, the ME EQUIPMENT necessary for the HUMIDIFIER’S

[TENDED USE

201.7.9.2.14.10[L
a)

Warning statement to the effect that covering breathing tubes with"a blanket or
heating them in an incubator or with an overhead heater can affect the quality of the
thlerapy or injure the patient, if applicable

201.7.9.2.2.101

Warning statement to the effect that do not add any attachments or accessories to the
hymidifier that are not listed in the instruction for use of the humidifier or accessory
of1

the humidifier might not function correctly affecting the quality of the therapy or

injuring the patient

201.7.9.2.2.101

W
[i

te

ok

arning statement to the effect that do not use-the humidifier at an altitude above
isert maximum RATED altitude] or outside a temperature of [insert RATED
mperature range]. Using the humidifier-outside of this temperature range or above

thiis altitude can affect the humidifier-performance which consequently can result in

tient death

201.7.9.2.2.101

W

Sy
IS

arning statement to the effect.that to prevent disconnection of the tubing or tubing
stem during use, especially during ambulatory use, only tubes in compliance with
0 5367 or ISO 80601-2-74 should be used

201.7.9.2.2.101

T3
—

W
w
Cd

hich portions of the'GAS PATHWAYS through the HUMIDIFIER can become contaminated
th body fluids jer~expired gases during both NORMAL CONDITION and SINGLE FAULT
NDITION

201.7.9.2.12

2

D1.C.6,>- ACCOMPANYING DOCUMENTS, technical description

A

dition:

201.C.6.101 ACCOMPANYING DOCUMENTS, technical description of a HUMIDIFIER

Additional requirements for ACCOMPANYING DOCUMENTS, technical description of a HUMIDIFIER are
found in Table 201.C.104.

42
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Table 201.C.104 — ACCOMPANYING DOCUMENTS, technical description of a HUMIDIFIER

Description of requirement

Subclause

Description of a method for checking the function of ALARM SYSTEM for each of the
ALARM CONDITIONS of this document, if not performed automatically at start-up

201.7.9.3.101

Disclosure of the interdependence of control functions

201.7.9.3.1.101 a)

Dij

Tlosure of the reasurenent uncertaimty foreachrdisciosed toterarce

20151613

Listing of which ALARM CONDITIONS that are checked automatically at start-up

201.7.9.3.101

Statement to the effect that the responsible organization should ensure the
compatibility of the humidifier and all of the parts and accessories intended to be

us

ed to connect to the patient prior to use

201.7.9,3.1.101 b)

©
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Annex D
(informative)
Symbols on Marking
[HC 60601-1:2005+AMD1:2012, Annex D applies, except as follows.
Addition:
Table 201.D.2.101 — Additional symbols on marking
Njo Symbol Reference Title and description
] I
IEC 80878:201506 | Batch code
1SO 7000-249213] To identify the MANUFACTURER'S batch or lot codg, for
L o T example, on a medieal’device or the corresponding
Symbol 5'_1'5 packaging. The eode shall be placed adjacent to[the
[SO 15223-1:2016 symbol.
L
2 I
IEC 80878:2015116] Catalogue number
1SO 7000-249313] Te identify the MANUFACTURER'’S catalogue number,
R E F for example, on a medical device or the
Symbol 5'.1'6 corresponding packaging. The catalogue numbgr
150 15223-1:2016 shall be placed adjacent to the symbol.
L
| r Serial numb
IEC 80878:2015(16] erial number
1S0-7000-24983] To identify the MANUFACTURER’S serial number, for
S N example, on a medical device or its packaging. The
Symbol 5'_1'7 serial number shall be placed adjacent to the
1SO 15223-1:2016 symbol.
L
4 - Contains or presence of (natural rubber latex)
IEC 80878:2015(t6] | On medical devices: to indicate that the equipmgnt
1SO 7000-272513] contains the identified product or substance.
Svmbol 5.4.5 NOTE Replace “XXX” with the symbol or other
1S0 }175223-1.-2.016 identification of the substance that is contained|or
L ' present, where LATEX is used for natural rubber
latex.
= Contains or presence of [XXX]
IEC 80878:2015016] | On medical devices: to indicate that the equipment
5 1SO 7000-2725031 contains the identified product or substance.
) NOTE Replace “XXX” with the symbol or other
EN 15986:2011 identification of the substance that is contained or
L present, where PHT is used for phthalate.
Additional Annexes:
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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 is intendg

development. An understanding of the reasons for the main requirements is considered to
egsential for its proper application. Furthermore, as clinical practice and technoelegy change, it
believed that rationale for the present requirements will facilitate any revisionjof this docume
necessitated by those developments.

AA.2 Rationale for particular clauses and subclauses

The following are rationales for specific clauses and subclause in this document, with clause a
sybclause numbers parallel to those in the body of the document.

The clauses and subclauses in this annex have been so numbered to correspond to the claus
and subclauses in this document to which they refer.* The numbering is, therefore, n
consecutive.

Subclause 201.1.1 — Scope

Ah ACTIVE HME is also electrically powered -ME EQUIPMENT that contains heater elements
vaporize liquid water that is added into the“breathing gas. This water vapour augments th
delivered to the respiratory tract of the) PATIENT from the HME. Most requirements of th
dpcument therefore apply. Those requirements that do not apply are clearly indicated.

Some HUMIDIFIERS have built-in flowsources that generate the flow of breathing gas, for exampl
sleep apnoea therapy equipment: For such ME EQUIPMENT, most requirements of this docume
apply. Those requirements that do not apply, such as pressure drop, are clearly indicated.

Subclause 201.4.3.101.—Additional requirements for ESSENTIAL PERFORMANCE

The ESSENTIAL PERFORMANCE of a HUMIDIFIER fundamentally is maintaining its HUMIDIFICATI(
OPTPUT or infopniing the OPERATOR that this performance is not being attained. Howevs
a¢curate and timely measurements of HUMIDIFICATION OUTPUT are problematic at best.

Glven the<{nature of the physics of humidification, short transient changes in HUMIDIFICATI
OUTPUT.are not clinically significant. Therefore, changes in and not the absolute HUMIDIFICATI(
OPTPOT ‘averaged over time are used as acceptance criteria following the specific tests requirg

far those who are familiar with the subject of this document but who have not partigipated in :Es
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pd

by this document to demonstrate the maintenance of ESSENTIAL PERFORMANCE.

The MANUFACTURER should consider the timeliness of the notification of the OPERATOR provided
by the ALARM CONDITIONS or indication of abnormal operation when HUMIDIFICATION OUTPUT is not

maintained.
Subclause 201.4.6 — ME EQUIPMENT or ME SYSTEM parts that contact the PATIENT

Since much of the BREATHING SYSTEM is likely to be draped over or around the PATIENT, it is like

ly

to come into direct contact with the PATIENT during NORMAL USE. Additionally, the GAS PATHWAYS
conduct fluids into or out of the PATIENT. As such, the GAS PATHWAYS of the BREATHING SYSTEM and
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the HUMIDIFIER need to be investigated regarding biocompatibility and compatibility with
substances that might pass into the PATIENT via the GAS PATHWAYS. Also of concern are electrical
HAZARDS should any circuitry be incorporated into the BREATHING SYSTEM (particularly for heated
BREATHING SYSTEMS). By ensuring that those items are subject to the requirements for APPLIED
PARTS, these issues are addressed by the requirements already in the general standard.

Subclause 201.11.101 — Additional requirements for pressurized gas input

A
0}
maintained if the HUMIDIFIER in NORMAL CONDITION does not attempt to draw more flow ffrom the
gas source than the gas source is designed to supply. It is also expected that these HUMIDIFIERS
should be designed to prevent an unacceptable RISK under possible SINGLE FAULT CONDITIONS pf
the pressurized gas supply.

Pressurized medical gas supplies, including MEDICAL GAS PIPELINE SYSTEMS amd-eylinder pressufe
regulators conforming to current relevant standards, supply gas-specific:terminal outlets at|a
pressure that is within an internationally agreed pressure range of 280 kPa to 600 kPa und
NDRMAL CONDITION. It is expected that HUMIDIFIERS should operate to‘their declared specificatign
at any supply pressure within this range.

U
—

I the case of a pressure regulator failure, the gas supply préssure could rise to the pressure
regulator’s supply pressure, which can be cylinder (tank){ressure. To safeguard against this pr
similar eventualities, gas-specific medical gas supply systems are required to be provided with a
means to limit their output pressure to not more than“1"000 kPa. All gas-powered ME EQUIPMENT
should be designed so as not to present an unacgeptable RISK if its supply pressure rises up o
this value.

HUMIDIFIERS with maximum RATED input pressures exceeding 600 kPa are required to fulfil thege
conditions at up to twice their maximum, RATED input pressure.

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 afe
designed so that they can maintain this pressure at the input of gas-powered devices wh%e

sypplying steady-state flowrates up to 601/min at a single outlet connected directly to the
pipeline. Account is takeni ;of the pressure drop in the pipeline supplying the outlet and the
pressure drop, at 60 1/min, across the terminal unit and the hose assembly connecting the devige
tq the pipeline.

The MEDICAL GASPIPELINE 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
adtual 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 fo
the-designated purpose of each area supplied. Recommended diversity factors are formulated fo
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 ME EQUIPMENT exceeds 60 1/min, there is an increased possibility that the
HUMIDIFIER input pressure could fall below 280 kPa, mainly because of the increased pressure
drop across the terminal unit and input hose assembly (also because of the flow-drop
characteristic in the case of pressure regulators supplying a single terminal outlet).

In addition to steady-state flowrates of 60 1/min, the switching of the internal pneumatic system
and the operation of a PATIENT demand system can result in ME EQUIPMENT requiring transient
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input flowrates far in excess of 601/min. Because of the compressibility of gas at pipeline
pressures and the diameter of piping that is employed in order to minimize the pressure drop,
such transient demands can generally be accommodated from the gas within the pipes of the
MEDICAL GAS PIPELINE SYSTEM. There can be temporary pressure drops of the input pressure at the
inlet of the ME EQUIPMENT, to below 280 kPa, due to transient flowrates in excess of 200 1/min
(over 3 s) but most of these drops will be within the supply hose assemblies specified by the
MANUFACTURER. MANUFACTURERS need to evaluate their own designs to establish whether any
Cq IIDCLluCll‘L lLl dllbicll‘L pl CoS5UICT L‘ll UlJ dffCL.Lb .l,llU lJCl fUl II1dIICT Uf .Lllcil ME EUUIFMENT VV}lCll [8INY d
wlith recommended supply hose configurations and when connected to alternative gas-specifiic
tgrminal outlets, such as those fitted to cylinder pressure regulators conforming to ISO 10524-1.

ME EQUIPMENT that can draw greater average or transient flows during INTENDED USE are
permitted, but their ACCOMPANYING DOCUMENTS are required to disclose those flowrates and warn
of the need for a different diversity factor.

The average flowrate of 601/min is greater than the test flowrate-used during tie
cgmmissioning of MEDICAL GAS PIPELINE SYSTEMS. In itself, this should be of no concern because the
specific conditions specified for the test do not allow a direct comparison between the two
values. The committee responsible for pipeline standards, ISO/TC21/SC 6, in consultation with
I40/TC 121/SC 1 and ISO/TC 121/SC 3, agreed to the 60 I/min average flowrate value, and al$o
the 200 1/min for up to 3 s transient flowrates, during the préparation of the current standard
fdr MEDICAL GAS PIPELINE SYSTEMS and were aware of the need to satisfy that specification whe¢n
finalizing the MEDICAL GAS PIPELINE SYSTEM test requirements.

MANUFACTURERS should be aware that other medical, gas supply system standards permit the
fitting of gas-specific terminal outlets to supply*systems such as pendant supply units. Su¢h
sybsystems restrict the flow that can be drawn:from their terminal outlets.

Subclause 201.5.101.2 — Gas flowrate and leakage specifications

Qpantities of gas are frequently expressed as the volume that the gas occupies at standardiz¢d
cgnditions. Generally, one atmosphere (101,325 kPa) is used as standard pressure. Howevaer,
sgveral standard temperatures.are used. Whereas 0 °C is used as standard temperature fn
physics, either 20 °C or 21,1 2C\(70 °F) is often used in engineering. In ventilation, the gas in the
lungs has a temperature idéntical to body temperature (~37 °C) irrespective of the temperature
of the gas delivered to the-PATIENT. The volume of a given amount of dry gas increases by abopt
8,6 % from 0 °C to 37°°€ or by 5,8 % from 20 °C to 37 °C.

[N

Ghs delivery systems supplying pressurized gas to medical equipment, including HUMIDIFIERS,
fallow engineening conventions and specify gas quantities and flowrates at STPD conditions. This
practice is followed in this document for all requirements concerning gas input.

Hpwever,-HUMIDIFIERS complying with this document are likely to be used with ventilators thpt
inflate the PATIENT’S lungs relative to a local atmospheric pressure between 70 kPa and 110 kPa.
I ‘addition, the gas in the lungs is always saturated with water vapour regardless of the
humidity of the gas delivered to the PATIENT’S airway. With a standard temperature of 0 °C, 11 of
gas referenced to STPD (STANDARD TEMPERATURE PRESSURE DRY) can expand the lungs by 1,81 at a
pressure of 70 kPa. In order to have the values comparable among different HUMIDIFIERS, it is
essential that the information for all HUMIDIFIERS is referenced to the same standard conditions.
Because it is the volume of gas and not the number of molecules that expands the lungs, BTPS is
the appropriate set of reference conditions to use.
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Subclause 201.5.101.3 — HUMIDIFIER testing errors

When testing HUMIDIFIER performance, several of the test parameters cannot be measured
without a significant degree of measurement uncertainty due to limitations of the accuracy that
can be achieved, particularly when measuring volumes by the integration of rapidly changing
flows.

Because of the relative significance of these uncertainties, it is important that MANUFACTURERS
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imilarly, it is important for third-party testers to recognize the significance of the uncertainty jn

fidance for a third-party tester as to the needed measuremeént-accuracy when testing to thfis

ubclause 201.7.2.8.2 — Other power sources

C
Subclause 201.7.4.3 — Units of measurement

Subclause 201.7.9.2.2.101— Additional requirements for warnings and safety notices

eir own measurements when testing to this document.

practice, this means that, for example, if a MANUFACTURER determines that a parameter has|a
lerance of +7 % but that the measurement uncertainty is +3 %, then a parameter tolerance pf
10 % is declared. If a third-party tester subsequently obtains an error of the measured valiie
r that parameter of +15 %, with a measurement uncertainty of +5 % then the third-party
ster has to accept the MANUFACTURER'’S claim.

irthermore, the MANUFACTURER is required to disclose the measurenient uncertainty for ea¢h
pclared value in order to provide both information to the RESPONSIBLE ORGANIZATION and

bcument.

ne HEATED BREATHING TUBE CONTROLLER MANUFACTURER needs to mark the maximum amount pf
pwer that could be delivered to the BREATHING TUBE: This is necessary to permit MANUFACTURERS
BREATHING TUBES to be able to test completely their BREATHING TUBES in order to meet the
quirements of 201.102. Since many of the 'BREATHING TUBE MANUFACTURERS “reverse-engineejr”
e BREATHING TUBE, the worst-case, maximum power output of the HEATED BREATHING TUBE
NTROLLER needs to be known.

dditional information is foun@.in rationale for 201.5.101.2.

he OPERATOR shotld be aware that only the parts or ACCESSORIES listed in the instruction for use
hve been VALIDATED by the MANUFACTURER. The use of non-VALIDATED parts can represent gn
hacceptable-RISK.

br example,

a'power supply unit other than the one recommended by the MANUFACTURER can be designgd

and manufactured with inferior quality (poor reliability), can affect the electromagnetic

compatibility of the HUMIDIFIER, etc.;

— the connection of parts to the BREATHING SYSTEM that are not listed in the instruction for use

can increase the inspiratory or expiratory pathway resistance of the BREATHING SYSTEM or
can increase the unintentional leakage of the BREATHING SYSTEM to a level that affects the
BASIC SAFETY and ESSENTIAL PERFORMANCE.
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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 integrity of the computer controlling the HUMIDIFIER, as well as the measuring sensors and
the ALARM SIGNAL generation.

Subclause 201.7.9.2.9.101.2 — Supervising clinician operating instructions

€
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UMIDIFIERS can incorporate temperature sensors that measure and display the temperature pf
e gas at various locations. Many different design approaches exist. The temperature.of‘the gas
the PATIENT-CONNECTION PORT is not always the most clinically useful temperature to displdy,
r example.

KAMPLE 1 HUMIDIFIER with a heated wire BREATHING TUBE.

[ater is heated in a HUMIDIFICATION CHAMBER until the MEASURED,GAS’ TEMPERATURE in the
JMIDIFICATION CHAMBER reaches 37 °C. The gas is then heated in the.BREATHING TUBE to 40 °C pt
e PATIENT-CONNECTION PORT to prevent condensation. The RELATIVE HUMIDITY exiting the
UMIDIFICATION CHAMBER is approximately 100 % and approximately 85 % at the PATIEN[-
NNECTION PORT. In addition, because the total heat content)for energy content) of the gas |is
rfimarily due to the water vapour content, the total heat content of the gas at the PATIEN[-
NNECTION PORT is only slightly higher (due to the increased temperature) than that of the gas
iting the HUMIDIFICATION CHAMBER. This means thatence the gas leaves the PATIENT-CONNECTIQN
RT, rapid cooling will occur until the gas returns to 100 % RELATIVE HUMIDITY and therefore has
oled back to the HUMIDIFICATION CHAMBER .temperature (the saturated gas temperature).
pllowing this rapid cooling, the gas will more slowly equilibrate to the temperature of the
\TIENT.

example 1, the MEASURED GAS TEMPERATURE in the HUMIDIFICATION CHAMBER is the best indication
the humidity being delivered” t0 the PATIENT because it represents the saturated gas
mperature. The MEASURED GAS‘TEMPERATURE at the PATIENT-CONNECTION PORT represents a gas
mperature that has a RELATIVE HUMIDITY of less than 100 % and is therefore not a gogd
dication of the humiditythe PATIENT receives.

KAMPLE 2 HUMIDIFIER with non-heated BREATHING TUBE.

ater is heated, i@ HUMIDIFICATION CHAMBER and the resultant vapour is carried by gas flowing

TI
P/
M
h

rough the HUMIDIFIER to an unheated BREATHING TUBE. As the gas travels through the BREATHING
IBE it cools\until it reaches 37 °C at the PATIENT-CONNECTION PORT. The RELATIVE HUMIDITY at the
ATIENT-CONNECTION PORT is approximately 100 %. To achieve this temperature and humidity, the
EASURED GAS TEMPERATURE in the HUMIDIFICATION CHAMBER can be as high as 55 °C but need only
ve-42 % RELATIVE HUMIDITY.

In example 2, the MEASURED GAS TEMPERATURE at the PATIENT-CONNECTION PORT is the appropriate
indication of the humidity being delivered to the PATIENT.

Therefore, in order to encompass different technologies, it is not appropriate for this document
to require a temperature display to show only the temperature delivered at the PATIENT-
CONNECTION PORT or at any specific point in the HUMIDIFIER and ACCESSORIES. The MANUFACTURER is
required to state clearly in the instructions for use the site to which the displayed MEASURED GAS
TEMPERATURE is referenced.
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In both examples, BASIC SAFETY and ESSENTIAL PERFORMANCE is maintained as both HUMIDIFIERS
meet the requirements of this document (e.g. 201.12.1.101, HUMIDIFICATION OUTPUT at the

PATIENT-CONNECTION PORT, and 201.12.4, protection against hazardous output) despite the fa
that they are displaying temperatures from different locations.

g)

ct

Resistance to flow anywhere in the GAS PATHWAY can increase the work of breathing. It can also

‘7‘7‘ A% " y S U rcetrm iy AL;A;; Grv venr ; U vi'V U

mechanisms in lung ventilators.

h)

known in order to accurately determine the tidal volume settings of volume-controllg
ventilators.

K]

The amount of air entrained by a HUMIDIFIER (e.g. by a Venturi mechanism) is a function of g

directly affects the oxygen concentration.
S

fibclause 201.9.4.3.101 — Additional requirements for<instability from unwanted later
ovement

attached and detached.
Subclause 201.11.1.2.2 — APPLIED PARTS not intended to supply heat to a PATIENT

The objective of this requirementrisito protect the PATIENT from skin burns due to contact wi
the external surface of the BREATHING TUBE. See rationale to 201.12.4.101 for selecting 44 °C.

Stibclause 201.11.6.2 — Overflow in ME EQUIPMENT

HUMIDIFIERS are often mounted on poles in NORMAL USE. However, these HUMIDIFIERS are often n
mounted exactly horizontally. The committee felt that a 20° tilt (beyond that of NORMAL US
cquld be construed-as reasonably foreseeable, and therefore required that the HUMIDIFIER shou
when operatedrunder NORMAL CONDITIONS at this position. Permanently mounted ME EQUIPMENT

while placed on a table or floor, such as sleep apnoea therapy equipment, and so 10° w

The internal compliance of the BREATHING SYSTEM, which includes the HUMIDIFIER, heeds to le

velocity. Changes in gas velocity (e.g. because of a partial obstruction’ of the ventilation circuit)

nj

TRANSIT-OPERABLE ME EQUIPMENT needs to be capableof being attached to wheelchairs and
particularly automobiles when the PATIENT is using-the ME EQUIPMENT while travelling. A suddé¢n
stop in an automobile can cause ME EQUIPMENT te become a hazardous flying object. This means
of attachment should not involve the use of’a TOOL as the ME EQUIPMENT needs to be easily

operate normally,/which includes not spilling any liquid, beyond that specified in 201.13.1.101
unlikely t0.be subject to such tilting, nor would ME EQUIPMENT that was intended to be operated

regarded as a sufficient test angle for these. A 15 % overfill is also reasonably foreseeable and

ed
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the_HUMIDIFIER should operate nm‘mn]]y’ which includes not Qpi]]ing any ]ir}nid, hpynnd th

specified in 201.13.1.101 when operated under NORMAL CONDITIONS with this amount of overfill.

An ACTIVE HME that is located proximal to the PATIENT can be in any orientation. The least

favourable orientation needs to be determined for the overflow test.
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Subclause 201.11.6.6 — Cleaning and disinfection of ME EQUIPMENT or ME SYSTEM

The essential principles of ISO 16142-1[7] 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 HUMIDIFIERS, their ACCESSORIES and parts cannot be used if there is a potential
RISK of the PATIENT, OPERATOR or other person being infected as a result of contact with the

nnnnnnnnnnnnnnnnnnnn ey
H PIVITUITILIN, AUULOOUNT Ul Pal .

herefore, non-single use HUMIDIFIERS, their ACCESSORIES and parts require an appropriate level pf
sinfection, depending on their use, but rarely need to be sterile.

T
d
Recommendations for hygienic reprocessing of HUMIDIFIERS, their ACCESSORIES ahd parts are
based on the general hygiene requirements for the reprocessing of medical deyices and need to
tgke into consideration the special requirements and needs of PATIENT care in the clinidal
environmentl’l. The requirements for hygienic reprocessing of this document.are intended to

— make the RESPONSIBLE ORGANIZATION for reprocessing the HUMIDIFIER aware of how o
implement these tasks in a responsible manner through appropriate delegation, and

— help all parties involved in the reprocessing of HUMIDIFIERS, their ACCESSORIES and parts fo
comply 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,inh the clinical environment with regard to
implementing the hygiene measures required for the PATIENT’S safety.

It should be noted that HUMIDIFIERS, as all other medical devices that have been contaminat¢d
wjith human pathogenic microorganisms, are a potential source of infection for humans. Any
HUMIDIFIER that has already been usedxon another PATIENT is potentially contaminated with
contagious pathogenic microorganisms until proven otherwise. Appropriate handling and
reprocessing PROCEDURES are essential to protect the next person handling the device or the nejt
PATIENT on whom the device is used. Hence HUMIDIFIERS, their re-usable ACCESSORIES and parits
that have been used areSrequired to undergo a reprocessing PROCESS, following the
MANUFACTURER’S instructiensyprior to reuse by another PATIENT.

The following basic considerations need to be addressed by the MANUFACTURER when specifying
the reprocessing instructions of a HUMIDIFIER, its ACCESSORIES or parts:

a] protectingthe PATIENT, the OPERATOR and the RESPONSIBLE ORGANIZATION (including personnlel
involvediin performing the reprocessing PROCESS);

b) the.limits of the PROCEDURES used for reprocessing (such as the number of reprocessing
Cycles);

c) the necessity to guarantee the proven standardized PROCEDURES in a consistently high and
verifiable quality, based on an established quality management system.

The recommended reprocessing PROCESS should be determined by:

— the potential degree and type of contamination of the HUMIDIFIER, ACCESSORIES or parts;

— the RiISK of infecting another PATIENT resulting from their reuse and the type of application of
the HUMIDIFIER.
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Special consideration of the possible RISK associated with the contamination of gas-conducting
components due to the PATIENT’S re-breathing under SINGLE FAULT CONDITION should be
considered.

On the basis of the above, a VERIFIED and VALIDATED documented reprocessing 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:
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appropriate scientific methods by the MANUFACTURER;

h

p

b) the reliability of the documented reprocessing PROCEDURES has been VERIFIED iu .practige
through appropriate quality assurance measures by the RESPONSIBLE ORGANIZATION carrying
out the reprocessing PROCEDURES.

When selecting and evaluating the reprocessing PROCEDURES, the MANUFACTURER should considert:

— the amount and type of pathogenic microorganisms expected to contaminate the HUMIDIFIER,
ACCESSORIES or parts;

— the RISK for the pathogenic microorganisms to be transmitted to the PATIENT, OPERATOR pr
other persons;

— the microorganism's resistance to the recommended reprocessing PROCEDURES.

The RISKS posed by a reprocessed HUMIDIFIER, \ACCESSORIES or parts are determined by the
fdllowing factors:

a] undesired effects, which can result from:

— the previous use;

— the previous reprocessing PROCESSES;

— transportation and(storage;

b) the RISKS from subsequent uses, such as the following:

— residuesfrom the previous use (such as secretions, other body fluids, and drugs);

2]
~

— residues from the previous reprocessing PROCESSES (such as cleaning agent
disinfectants and other substances, including their reaction products);

- changes of physical, chemical or functional properties of the device;

— changes in the condition of the material (such as accelerated wear and tear,
embrittlement and changed surface conditions, connectors and adhesive joints);

c) the RISK of transmission of any pathogenic microorganisms.
When considering the suitability of the reprocessing PROCESS and the feasibility of the

reprocessing PROCESS for the HUMIDIFIER, ACCESSORIES or parts, the MANUFACTURER should consider
the following points:
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— the RISKS involved in the reprocessing PROCESS;

— the cost effectiveness of the reprocessing PROCESS;

— the practicability of the reprocessing PROCESS;

— the availability of the cleaning equipment and the cleaning agents specified in the

C(

F
A

— the efficiency of the reprocessing PROCESS;
— the reproducibility of the reprocessing PROCESS;
— quality management requirements of the reprocessing PROCESS;

— the environmental impact of the reprocessing PROCESS and the disppsal of the HUMIDIFIER,

regard to their suitability and repeatability with the HUMIDIFIER, ACCESSORIES or parts, depending
on the type of use.

specified in the ACCOMPANYING DOCUMENT.

Stich parameters could include the volume of water used, water pressure, temperature, pH,

renrocessing PROCESS:
| ts) 7

ACCESSORIES or parts.

ne MANUFACTURER should VERIFY all cleaning agents and reprocessing PROCEDURES used with

ne RESPONSIBLE ORGANIZATION should VERIFY that manwual cleaning and disinfection of the
UMIDIFIER, ACCESSORIES or parts are always carried ‘out in accordance with the PROCEDURES

he MANUFACTURER should specify VALIDATED automated cleaning and disinfection PROCEDURES. |If
ey are not followed, the effectiveness of the cleaning and disinfection cannot be guaranteed.

psage of cleaning agents and disinfectants and residence time.

b ensure the reproducibility of aitomated reprocessing PROCEDURES, tests should be carried ofit
1 a regular basis.

ne MANUFACTURER should ensure that the specified disinfection PROCEDURES are VERIFIED to be
ctericidal, fungicidal and/virucidal so that the cleaned and disinfected HUMIDIFIER, ACCESSORIES
parts do not posé an unacceptable RISK of infection by reproductive pathogenfic
icroorganisms when any of these elements, collectively or individually comes in contact with
e next PATIENT, OPERATOR or other person.

fective disitfection requires that the instructions for the disinfectant, especially with regard to
ncentration and residence time, are followed.

bllowing any reprocessing PROCEDURE, safety and functional testing of the HUMIDIFIER and
[CESSORIES (as specified by the MANUFACTURER’S instructions) needs to be carried out. |If

necessary, safety-relevant functional testing can be carried out directly before use of the
HUMIDIFIER.

The extent and type of the tests depends on the HUMIDIFIER, ACCESSORY or part and these need to
be defined in the ACCOMPANYING DOCUMENT.

Subclause 201.12.1.101 — HUMIDIFICATION OUTPUT

HUMIDIFIERS can be used with PATIENTS whose upper airways have been bypassed by a

tr

©

acheostomy or tracheal tube (invasive ventilation). The upper airway provides the major
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portion of the heat and moisture supplied to the alveoli. When the upper airways are bypasse

d,

the HUMIDIFIER needs to supply this missing heat and moisture. The humidity in the trachea
during normal respiration can range from 36 mg/l to 40 mg/1. This figure is for a healthy PATIENT
and still requires healthy functioning airways to further condition the gas to reach BTPS —

adding moisture and raising the temperature to achieve 37 °C/44mg/I for alveolar conditions.

Physiological humidity levels (37 °C/44 mg/l) prevent depletion of moisture from the

mucociliary transport system and maintain normal mucus clearance. When the airway

is

e;tposed to low levels of humidity, the aqueous layer decreases, the mucus layer thickens,ar
cilia beat slows(?4l. This reduces the airway defence mechanism and increases the RISK
respiratory infection(25],

If|{the PATIENT has compromised airways as is typical of a long-term intubated PATIENT, then th¢
should be supplied with breathing gasses as close to 37°C/44mg/l (alveolar ,conditions)
possible in order to minimize the extra load placed on the remaining airways.

Since the optimal moisture level below the carina is 44 mg/1 (100 % RH:at 37 °C), a moistu
cgntent of more than 33 mg/l, and up to 44 mg/1 at the PATIENT-CONNECTION PORT, is required
prevent the drying out of secretions in the artificial airway.

The minimum temperature of gas able to hold 33 mg/l of watér at BTPS conditions is 32,2

PATIENT-CONNECTION PORT. There will be some temperaturé drop across the tracheal tu
connector and tracheal tube, which are exposed to theiambient air. Typically, the temperatu
wiill drop a few degrees Celsius along the length of a tracheal tube connector.

The requirement is for a minimum of 32,2 °C delivered to the lower trachea, so the gas c3
contain 33 mg/l of water at BTPS conditions. Thérefore, for invasive ventilation, the temperatu
at the PATIENT-CONNECTION PORT should bej\at least 34 °C to allow for a minimum of a 2

tgmperature drop along any catheter mount.

A| tracheal tube does not increase.the temperature and humidity as efficiently as the upp

(rlefer to Table AA.1). However, this document refers to the-conditions of gas delivered to tme
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respiratory tract. As a tracheal tube*limits the warming and humidification of gas as it pass
into the PATIENT airway, the temperature and humidity requirements of the gas are higher at t

gas temperature and humidity as it enters the intubated PATIENT and travels down the trach
PATIENT, then further"warming and humidification of the gas is required by the lower airwa
Hpwever, the lower airway in healthy non-intubated person contributes little to g

conditioning(25h) Thus, in striving for physiological humidity levels at the carina (37°C/44mg

needs to ‘be/capable of producing a HUMIDIFICATION OUTPUT of at least 33 mg/l at the PATIEN
CONNECTION PORT.

in PATIENTS Whose upper airways have been bypassed (invasive ventilation), the HUMIDIFIE

e

PATIENT-CONNECTION PORT to-accommodate for the lack of gas conditioning. The measurement pf

1

tybe has shown that if\the gas is not warmed and humidified to BTPS prior to entering the

Y.
AS
)
R
T-

HPMIDIFIERS can also be used in PATIENTS whose upper airways have not been bypassed (no

’1_

invasive ventilation, nasal high flow therapy, sleep apnoea continuous positive airway pressure
or CPAP treatment). Adequacy of ventilation is dependent on providing sufficient airflow to
maintain a pressure gradient from the interface to the PATIENT airways. The nasal mucosa has
considerable capacity to heat and humidify inspired air, but this capacity can be overwhelmed at

high flowrates during ventilation. These conditions provoke mucosal hypertonicity, nas
congestion and increased nasal resistance.

During normal breathing inspired air is warmed and humidified in the upper airways to 31 °

al

C

30,8 mg/1 BTPS, by the time it reaches in the pharynx. By heating and humidifying the non-
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invasive gas flow to the same level which occurs naturally in the nasopharynx, the effects of
drying can be prevented, increasing PATIENT comfort and tolerance to therapy!261(271[28],

Nasal congestion, dry nose and dry throat are common in PATIENTS requiring non-invasive
ventilation and sleep apnoea CPAP treatment. High pressures and flows provoke changes in the
nasal cell structure, mucosal hypertonicity, nasal congestion, nasal discharge, and increased
nasal resistancel281(29130], This airway drying effect is amplified with oral breathing, mask leak
and unidirectional flow associated with nasal masks and mouth leak[321(331.

Increased nasal resistance is attenuated with humidity levels of 21 mg/l and minimized. with
>80 mg/l. Comfort data suggests that humidity levels above 15 mg/l increases PATIENT telerange
and 30 mg/1 reduces the feeling of oral dryness. Unheated pass-over humidification can'achieye
humidification levels of 7 mg/l to 12 mg/l. However, cold-pass-over does not’achieve tIe
improvement in respiration water loss or the increase in PATIENT compliance’that can be
achieved using heated humidification[2511261[291[30][31][32][33][341[35](361[371[38(39]. Th(s, 12 mg/]1 should
b¢ seen as a minimum level of humidification for PATIENTS whose upper airways have not beg¢n
bypassed.

All of the above discussion assumes a PATIENT at standard body teniperature of 37 °C. For cases
of intentional hypothermia or hyperthermia, the limits should be adjusted accordingly.

For an ACTIVE HME, the HUMIDIFICATION OUTPUT cannot be determined with the tests described fn
this document. The moisture loss test specified in 1SO9360-1[51 and ISO 9360-2I¢1 is motre
appropriate and can provide an indication of performance.for an ACTIVE HME. Since an ACTIVE HNE
adlds water, the tests of ISO 9360-1151 and ISO 9360-2[¢hmight not indicate a moisture loss, but an
adldition of moisture. The moisture loss value and HUMIDIFICATION OUTPUT are not directly
comparable.

Subclause 201.12.1.102 — SET TEMPERATURE accuracy and MONITORING EQUIPMENT

The displayed MEASURED GAS TEMPERATURE:needs to be as accurate as practicable. The committ¢e
considered that an inaccuracy of lessthan 2 °C of the displayed MEASURED GAS TEMPERATURE dogs
not compromise the clinical condition or the safety of the PATIENT. It is important that the
OPERATOR is made promptly aware when the MEASURED GAS TEMPERATURE has exceeded the SET
TEMPERATURE by more than.anracceptable amount. The committee agreed that what constituted
am acceptable amount couldbe left to the MANUFACTURER.

The over-temperature'ALARM LIMIT is set at 43 °C. Additional information is found in the rationale
far 201.13.1.101. Because of the ability of the airways to supply or absorb heat and moisture,
this overshoot is required to not exceed an energy equivalent to air at 43 °C and 100 % RELATIVE
HPMIDITY (a spécific enthalpy 197 k]/m3 of dry air), averaged over 120 s. If the delivered gas
efergy exceeds a specific enthalpy of 197 k]/m3 of dry air) when averaged over 120 s under
In

For a HUMIDIFIER that displays the MEASURED GAS TEMPERATURE, the committee concluded that a
range of 25 °C to 45 °C was the minimum that an OPERATOR required to operate the HUMIDIFIER. It
should be very clear to the OPERATOR if the displayed MEASURED GAS TEMPERATURE is higher than
45 °C or lower than 25 °C.

A HUMIDIFIER controller, by its nature, continuously adjusts the components of the HUMIDIFICATION
SYSTEM that affect the temperature of the humidified gas delivered to the PATIENT. It is normal,
therefore, for the MEASURED GAS TEMPERATURE to cycle about the SET TEMPERATURE, but this is not
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considered to be clinically significant providing the temperature is within *#2 °C of the SET

TEMPERATURE when averaged over 5 min.
Subclause 201.12.4.101 — Thermal overshoot

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 trackl*

0],

Fully saturated gas at 45 °C can be inspired for up to 1 h without damaging the mucosa of the

411
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46,9 °Cto 49,3 °C, 100 % RH (256 k]J/m3) for 49 min[42}
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Taking into account the enthalpy of inspired gas that has been shown to be tolerated witho
cqusing thermal injury to the human airways and the very short exposure times, of ‘therm
oYershoot from a heated HUMIDIFIER in clinical practice, the delivered gas energy limit
D7 k] /m3 of dry gas when averaged over 120 s can be used.

[EEN

When considering gas mixtures other than oxygen/air, the following should‘be observed. Give
that most of the energy is contained in the water vapour, the equivalent ofair at 43 °C, 100 % R
is|the maximum enthalpy that should be allowed. This has a specificvelume of 0,978 6 m3/kg

PATIENT is the same, whatever gas mixture is used, then the safe_enthalpy limit is 197 k] /m3
dry gas. This enthalpy per unit volume gives a more relevantaneasure of the energy delivered
the PATIENT.

PATIENT. Although it is rarely needed for PATIENT care, a sustained DELIVERED GAS TEMPERATURE
41 °C at any level of saturation is not a thermal HAZARD to the PATIENT. DELIVERED G
TEMPERATURES above 41 °C, depending on the coinbination of gas temperature, level of saturatig
and PATIENT exposure time, can be hazardous.

cytaneous burns determined that surface temperatures of at least 44 °C and 6 h exposure we
required to cause irreversible damage to epidermal cells*3l. This is confirmed by studi
conducted by the US Navy Medical Research and Development Command[#!l, which concludg

rgspiratory tract.

Gas at body temperature and fully saturated (37 °C and 100 % RH) will not transfer therm|
energy to or from ‘the PATIENT with a normal body temperature of 37 °C. Dry gas at bog

GAS TEMPERATURE exceeds 43 °C. A thermal overshoot, not to exceed energy equal to air at 43
and 00 % RH averaged over 120 s (197 kJ/m3 of dry gas), is inconsequential to the PATIENT ar|

diy air and an enthalpy content of 197 k]/m3 of dry air. Assuming'the volume breathed by the

Suistained DELIVERED GAS TEMPERATURES above 41 °C represent a potential thermal HAZARD to the

Studies to measure the relative importance of exposure time and temperature in causing

that fully saturated gas at 45-C'can be inspired for up to 1 h without damaging the mucosa of the

tgmperature (37 °Cand 0 % RH) will draw heat away through evaporation. Gas at 41 °C and fully
sqturated has thie capacity to deliver less than 181,3 k]/m3 of dry gas breathed by the PATIENT. T
protect the BATIENT from thermal injury, heating of the HUMIDIFIER is interrupted if the DELIVERE
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is|pepmitted to simplify construction of the HUMIDIFIER.

It is therefore important that the OPERATOR be provided with a continuous display of the
MEASURED GAS TEMPERATURE, and that the HUMIDIFIER automatically interrupts heating and
activates the over-temperature ALARM CONDITION when the MEASURED GAS TEMPERATURE exceeds

43 °C.

The testing conditions required in 201.12.4.101 are important to ensure that large shifts in
flowrates do not result in excessive overshoots of high-energy gases being delivered to the

PATIENT.
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Subclause 201.13.1.101 — Additional specific HAZARDOUS SITUATIONS

Excessive liquid output could cause PATIENT injury and an accumulation of water in the
BREATHING TUBE.

Subclause 201.13.102 — Independence of HUMIDIFICATION control function and related RISK
CONTROL measures

This requirement prevents the use of a monitoring device to control an actuator that would lead
tq an undetected malfunction of the actuator in case of monitoring failure.

Subclause 201.101.1 — General

Npn-standard BREATHING SYSTEM connectors can represent an unacceptable RISK as attempts are
made to fit a standard BREATHING SYSTEM to a ventilator or HUMIDIFIER in an emergency situation.
Npn-standard BREATHING SYSTEM connectors can cause leaks if used withnrsimilar but npt
compatible connectors.

Subclause 201.101.4 — ACCESSORY port

The use of Luer taper or Luer-lock connectors complying with 1SQG94-1 or I1SO 594-2 are npt
permitted for use in a BREATHING SYSTEM as there are several case reports of accidental
connection with intravenous fluids and parenteral and enteral feeding solutions causing seriolis
nmorbidity and mortality due to aspiration of these foreign substances into the lungs.

Subclause 201.101.8.2 — Leakage

60 cm H,O0 is the pressure currently proposed for testing leaks in ISO 5367. 5 ml/min leakage
from the engaged sensor or mating port is 10 %.of the total allowable leakage, for a wholle
BREATHING SYSTEM, in ISO 5367.

Subclause 201.102.1 — General

Ap safe use depends on the interaction of the HUMIDIFIER with ACCESSORIES, this document sefts
tgtal-system performance requirements referenced to the PATIENT-CONNECTION PORT. Thereforje,
tqtal system performance requirements are applicable to both MANUFACTURERS of HUMIDIFIERS
and BREATHING TUBES intended ‘for use with a HUMIDIFIER (both HEATED BREATHING TUBES and nop-
heated BREATHING TUBES). The HUMIDIFIER with ACCESSORIES should have a means of reducing
condensate in the BREATHING TUBES.

EXAMPLE Heating th€ BREATHING TUBE or the placement of water traps.

It| is the responsibility of the MANUFACTURER of a BREATHING SYSTEM, its parts or ACCESSORIES fo
VERIFY that their product complies with the requirements of this document.

BREATHING.TUBES up to the PATIENT-CONNECTION PORT form part of the total system performange
requiréments. MANUFACTURERS of BREATHING TUBES need to ensure that total-system performange
requirements are met by testing the BREATHING TUBES (both heated and non-heated) with tllle
recommended HoMIDIFER:

Subclause 201.102.3 — BREATHING TUBES

BREATHING TUBES have been reported to collapse on bending, occlude and perforate due to the
heat generated by HUMIDIFIERS and supplemental electrical heating. It is believed that a
BREATHING TUBE which is tested to meet the requirements of this document, and which does not
kink, occlude and perforate during these tests, can provide BASIC SAFETY and ESSENTIAL
PERFORMANCE in clinical use.
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Subclause 201.104.1 — General

The connections between a HUMIDIFIER and the source of breathing gas, and the HEATED
BREATHING TUBE CONTROLLER and a heater within a BREATHING TUBE, are FUNCTIONAL CONNECTIONS. In
the event of disruption of these FUNCTIONAL CONNECTIONS, or failure of the connected equipment,
the HUMIDIFIER is required to maintain ESSENTIAL PERFORMANCE, as indicated in Table 201.101. For
a CATEGORY 1 HUMIDIFIER, loss of HUMIDIFICATION OUTPUT is acceptable provided an ALARM
CONDITION is created. For a CATEGORY 2 HUMIDIFIER, the ALARM CONDITION is not required. In all
cases, BASIC SAFETY is required to be maintained.

Subclause 201.104.2 — Connection to electronic health record

Electronic documentation of PATIENT care interventions is rapidly becoming the standard of cay
The primary motivations are to improve the quality of care for an individual PATIENT through
a¢curate and complete documentation, and to improve the completeness land accuracy pf
aggregated data to facilitate continuous quality improvement. Providing (remote supervisory

cqpability is rapidly becoming the standard of care in the HOME HEALTHCARE-ENVIRONMENT.

®

Subclause 201.104.3 — Connection to DISTRIBUTED ALARM SYSTEM

PATIENTS are not always located near enough to the OPERATOR ‘to ‘ensure that ALARM SIGNALS
coming from the PATIENT'S room can be heard. It is reasonably’foreseeable that some rooms of
PATIENT’S home, limited care facility or healthcare facility aré out of earshot of other rooms. Ag
rgsult, it is recommended for a HUMIDIFIER be equipped with a means to connect to a DISTRIBUTE
ALARM SYSTEM that can provide additional ALARM SIGNAL-presentation points. A DISTRIBUTED ALAR
SYSTEM facilitates delivery of ALARM SIGNALS to other rpoms where the OPERATOR might be locate]
thereby permitting a timely response and intervenition to support PATIENT care.

S U o

=

Subclause 202.8.1.101 — Additional generalrequirements

[t]is not the intent of the committee to nequire that the IMMUNITY tests be performed multipjle
times at several HUMIDIFICATION OUTPULS, but that the MANUFACTURER should determine which
HPMIDIFICATION OUTPUT represents:the worst case for a given IMMUNITY test and use thoge
conditions.

Cpmmercially available hygtrometers can be used to monitor changes in the HUMIDIFICATIQN
OPTPUT as acceptance criteria following the specific tests required by this document to
demonstrate the maintenance of ESSENTIAL PERFORMANCE.

Subclause 208.6.8:4101 — Additional requirements for termination of ALARM SIGNAL
inactivation

Permitting very long pauses of ALARM SIGNALS can be hazardous for the PATIENT since tme
OPERATOR will not be notified of the existence of an ALARM CONDITION. However, PATIENT
management often requires PROCEDURES that can be disrupted by auditory ALARM SIGNALS.
Therefore, extending AUDIO PAUSED by OPERATOR action is useful to prevent the HUMIDIFIER from

d cfurbing the OPERATOR or othersin the V\'m'nify

HUMIDIFIERS should be equipped with an AUDIO PAUSED capability that permits the OPERATOR to
pause the ALARM SIGNALS prior to the creation of an ALARM CONDITION. Such a capability permits
the OPERATOR to minimize nuisance auditory ALARM SIGNALS.

Annex BB — Determination of the accuracy of the displayed MEASURED GAS TEMPERATURE

It is difficult to measure temperature at precisely the same location as the HUMIDIFIER’S
temperature sensor without modifying the gas flowrate, and hence, the thermal transfer
characteristics from the gas to the HUMIDIFIER'S temperature sensor. The object of the test is to
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measure temperature on either side of the HUMIDIFIER'S temperature sensor and interpolate the
temperature to the site under test. Temperature drop in the circuit can be nonlinear. Hence, the
objective is to place the standard temperature sensors as close as possible to the HUMIDIFIER’S
temperature sensor, but with minimal disruption of gas flow patterns.

Annex CC — Determination of the HUMIDIFICATION OUTPUT
The HUMIDIFICATION OUTPUT is defined as the mass of water vapour per unit volume of gas (mg/1)
55 referente—tonditons—hich—isrhvsiolosieatv—rorenproprirte—tham—otherreferemce

BREATHING SYSTEM. Therefore, the use of such instruments should be restricted teconstant-flo
humidity measurements. However, the use of such instruments is suitable”to VERIFY t
maintenance of ESSENTIAL PERFORMANCE during all of the tests of this document except the
determination of the HUMIDIFICATION OUTPUT required in 201.12.1.101 for’ventilated gas flow
conditions, which are not constant and for which the time response of the instrument is too slow
tq respond to the rapid changes in the ventilated flow waveform.

The use of a dew point hygrometer requires a conversion froam the specified units of mg)/1
(rleference BTPS) to equivalent values for dew point. See Table-AA.1.

Table AA.1 — Equivalent dew point for minimum required HUMIDIFICATION OUTPUT

HUMIDIFIER Absolute humidity Equivalent
classification under BTPS conditions dew point
mg/l °C
Category 1 33 32,2
Category 2 12 159

Apnex DD — Specific enthalpy-calculations
Formula (DD.2)

The total enthalpy calculation comes from a logical understanding of the fundamental properti¢s
of ideal gases. Amagat's’ Law tells us that the total volume is the sum of the partial volumss.
Therefore, the totdal-enthalpy is the sum of the enthalpies calculated for each gas component (ile.
the sum of the dry gas enthalpy and the water vapour enthalpy). It is observed thpt
Fprmula (DD;2) has the same form as that of I1SO 81852, but with the result multiplied by
density to\give the desired volumetric reference units. This formula can also be found |n
stfandard reference books[#4.

Apnex FF — Standard temperature sensor

The standard temperature sensor includes an additional copper thermal mass to effect an
averaging of temperature across the circuit, minimize effects of condensation forming on the
sensor, reduce effects of precise positioning of the sensor, increase thermal transfer to the
sensor, minimize the stem effect and ensure a stable temperature measurement.

The measuring of any temperature in a non-isothermal situation is difficult. It is not a matter of
just using a thermometer. Energy input, energy output, thermal conductivities all have to be
taken into account. Good, calibrated temperature measuring instruments, when used to measure
flowing gas temperature in a narrow tube, can have readings that differ by up to 10 °C from each
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other. The method prescribed in this document is an attempt to limit the variability, and define a
standard temperature-measuring method, to allow comparison and repeatability.

Thermistors are chosen as the sensing element as they are small, readily available, have low
drift, have a significant output signal over the temperatures of interest and are easily interfaced
to simple circuits.

The particular values and dimensions of the thermistor

ay
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cyrrent used does not cause significant self-heating of the thermistor.

are specified to match commonly
OSS—arG—Stein—erre€t™o ne
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nstructed sensor.

[hen placing the thermistor sensor in a measuring circuit, care must be taken to ensuré¢ that the

good 4 1/2 digit (or better) multimeter can be used to measure the resistance directly but care
peds to be taken to be sure that the currents the meter generates to make such measuremenits
b not cause significant self-heating.
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Annex BB
(normative)

* Determination of the accuracy of the displayed MEASURED GAS
TEMPERATURE

B.1 Testpreparation

pnfirm the accuracy of the displayed MEASURED GAS TEMPERATURE by introducing two*standayd
mperature sensors, as defined in Annex FF, into the HUMIDIFIER and ACCESSQRIES that are
nfigured in accordance with the ACCOMPANYING DOCUMENTS. The configuration“of the sensorsfis
jown in Figure BB.1.

necessary, add extension tubing so that ambient drafts and temperatures do not unduly
fluence the sensors. Such tubing should be of the same diameter as.the BREATHING TUBES and
ng enough so that all sensors are located at a distance from ambient drafts equal to at lealst
D times the BREATHING TUBE diameter.

ne distances from the normal location of the HUMIDIFIER'S temperature sensor to the location pf
e standard temperature sensors (distance / in Figure BB.1) shall be equal and shall measure
om 20 mm to 30 mm.

2 3 1

Ly
hormal location

Soal

standard temperature sensor

Figure BB.1 — Configuration for displayed temperature accuracy test

BB.2 Test PROCEDURE

Carry out testing as follows.
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a) Sample the temperature at least every 2 s.
b) Operate the HUMIDIFIER over the flowrate range indicated in the ACCOMPANYING DOCUMENTS.

c) Set the minimum SET TEMPERATURE and confirm that the MEASURED GAS TEMPERATURE is within
+2 °C of the arithmetic mean of the two standard temperature sensors in a steady-state
condition.

d) Change the SET TEMPERATURE from the minimum to the maximum setting.

e] Confirm that the DISPLAYED GAS TEMPERATURE is within #2 °C of the arithmetic mean,of the two
standard temperature sensors in a steady-state condition for the maximum SET TEMPERATURE.
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Annex CC
(normative)

* Determination of the HUMIDIFICATION OUTPUT

CC.1 Principle

The HUMIDIFICATION OUTPUT is measured using the gravimetric method, which is a)'simple
tgchnique.

This test method uses dry input air, so any moisture in the output air has beenh|added by the
HUMIDIFIER. The volume of output air is normalized to the volume it would @ccupy under BTPS
cgnditions.

CC.2 Test conditions
T

here are several practical considerations required to perform this' test method in order fo
cdlculate the HUMIDIFICATION OUTPUT. As several different definitions of “standard conditiong
eXist, it is important to know the reference conditions for the flewmeter calibration.

Table CC.1 provides the most commonly encountered reference conditions and a corresponding
correction factor to scale the volumetric flowrate reading.referenced to standard conditions tq a
vplumetric flowrate referenced to BTPS conditions, as required to perform the gravimetific
cdlculation.

Table CC.1 — Common reference conditions and their correction factors

Publishing Standard conditions Scaling factor to
entity standard 1/min BTPS I/min
NIST, ISO 10780 0°C, 101,325 kPa 1,210
EPA, NIST 20°C, 101,325 kPa 1,127
AMCA 21,1°C, 101,325 kPa 1,123

NIST (US)National Institute of Standards and Technology)
EPA (US Environmental Protection Agency)

AMCA (Air Movement and Control Association International)

For a more precise conversion to BTPS, if independent accurate means of measuring ambiept
pressure and‘temperature are available, the conversion from Varp to Vgres is calculated using the
fgllowing Formula (CC.1) based on the Ideal Gas Law assuming that the input gas is dry:

A 9.4 Tb o dy Pamb

YBTPS — "ATP © T ”
amb |:Pamb - PV (Tbody ):|

-
qp)
hp
=

Nt

where
Pamb is the ambient pressure;

Py (Tvoay) 1is the saturation vapour pressure at Thody (in K) as calculated using Formula (CC.2);
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Vatp is the volume at ATP (ambient temperature, pressure) conditions;

Tooay  is310°K;

Tamb is the temperature of the delivered gas.
3142,31
30,590 51-8,21gT +2,480 4x10 >xT}, [ . J
h
Pv(Tbody) =10 (CCZ)

SU

a

DTE When Tamp is equal to Thody, Pv (Thody) €quals 6,270 987 kPa.

(.3 Apparatus

ne following items shall be utilized with measurement apparatus and for sufficient duratid
ich that a total measurement accuracy of +1 mg/l1 is achieved:

the HUMIDIFIER under test with its ACCESSORIES as indicated in the instructions for use;
a weight scale;
a timer;

a flowmeter;

therefore desirable to measure the gas flow on the dryside (i.e. the input to the HUMIDIFIER).
a standard temperature sensor as defined in‘Annex FF.

a gas source

NOTE 2  Additional informationis.provided in 201.5.

.4 PROCEDURE
he gravimetric method JUMIDIFICATION OUTPUT is determined as follows.
Configure the HUMIBIFIER with its ACCESSORIES as indicated in the instructions for use.

Install the standard temperature sensor at a site representing the DELIVERED GAS TEMPERATUR
Call this temperature T, (°C).

If necessary, add extension tubing such that ambient drafts and temperatures do not undu
influence sensors. Ensure that the extension tubing is of equal diameter to the BREATHING TUI
and of length such that all sensors are located at a distance from ambient drafts equal to

NOTE1 Most readily available commercial air flowmeters are calibrated for dry gas and it|i

n

ly
BE
nt

TeastTo-times the BREATHING TUBE diurmeter:

d) Confirm that the ambient temperature of the HUMIDIFIER and ACCESSORIES are within the range
of 17 °C to 23 °C. Measure the input gas temperature and call this temperature T; (°C). Confirm
that the inlet gas temperature is within the RATED ambient temperature range of the

HUMIDIFIER.

e) Arrange relative elevations of the HUMIDIFIER, BREATHING TUBE and HUMIDIFICATION CHAMBER, as

64

applicable, such that:
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— Condensation that does not represent humidification reaching the PATIENT (eg.
condensation in the inspiratory limb) does not leave the humidification system and is
included in m; (the mass of the HUMIDIFIER), its contents and the recommended
BREATHING TUBE as defined in h).

— Condensation that represents humidification reaching the PATIENT (e.g. condensation
occurring in the instrumental dead space) leaves the HUMIDIFIER and is not included in

L Ll
Imry LJCC llj_l.
f)l Connect the HUMIDIFIER to the gas source.

g) Set the gas flowrate with the flowmeter to the maximum RATED flowrate +5 % ‘and turn the
HUMIDIFIER on at its maximum output setting. Confirm that at least 2 h have elapsed to ensufe
that the error due to the warm-up time of the HUMIDIFIER is minimized.

h) Turn off the HUMIDIFIER. Disconnect all ACCESSORIES, including thélgas source, electrical
connections and any extension tubing to remove any extraneous)influences on the magss
measurement. Weigh only the HUMIDIFIER, its contents and the recommended BREATHING TUHE;
record this mass as my. This is the initial mass of the HUMIDIFIER:

i)] Reconnect all ACCESSORIES.
j)| Turn the HUMIDIFIER on and start the timer.
k] Record the start time as ty and maintain OPERATOR control settings throughout the test.

[)] Stop the test when the measurement™of the following quantities maintains a total
measurement accuracy of +1 mg/I:

— the HUMIDIFIER has used a sufficient quantity of the usable capacity of the LIQUID CONTAINER;
— the test is of sufficient.duration.
m) Record the time as t; and record the duration of the test (t; - to).

n) Note the total-élapsed time and convert to suitable time units with respect to the flowmeter
reading.

NOTE Special attention is drawn to the objective of a total measurement error of less than 1 mgyl
Measurement of time, temperature, especially flowrate and mass used, should be sufficiently accurate relatipe
td the value of the quantity to maintain this objective. In practice, the mass and estimated output of the
HUWMIDIFIER gives a guide as to the minimum duration of the test to maintain overall accuracy. An errpr
analy mated ress ne mmended-as-a-auide.

o) Weigh the HUMIDIFIER at the end, and record the difference with respect to the starting mass.

p) Calculate the volume of gas humidified, Vgres, (referenced to BTPS) during the test using
Formula (CC.3):
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Veres = gsLpm * SF x Tpyr (CC.3)

where

gsiem s the flowrate of gas referenced to standard conditions;
SF is the scaling factor to BTPS (from Table CC.1);

Tour  is the duration of the test.

q] Calculate HUMIDIFICATION OUTPUT, Houw, (mg/1) using Formula (CC.4).
Am
out % (cc)
BTPS
where
Am is the mass change of the HUMIDIFIER (in mg).
r| Confirm that HUMIDIFICATION OUTPUT exceeds the value indicated in(the instructions for use.
s) Repeat e) to r) with the ambient temperature at the HUMIDIFIER'S minimum RATED operating
temperature +1 °C.
t)] Repeat e) to r) with the ambient temperature at the HUMIDIFIER'S maximum RATED operatifg
temperature #1 °C.
u) Repeat d) to t) at the HUMIDIFIER'S minimum RATED flowrate.
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Annex DD
(normative)

* Specific enthalpy calculations

Db.l Calculation of specific enthalpy

The specific enthalpy, AH;, of a moist gas is the energy released by the gas, per unit volume pf
dry gas, when cooled or heated at a constant pressure to 0 °C, inclusive of any contribution from
water vapour and condensation, but exclusive of any contribution from water initially in a liqujd
fdrm (such as water droplets). The volume referred to is the initial volume of\the dry gas, and
the preferred units of measurement for AH; are k] m-3.
Table DD.1 lists symbols and values for properties used in the calculation‘efspecific enthalpy.
Table DD.1 — Symbols and values for the calculation of'specific enthalpy
Symbol Value Description Referenge
My 18,0153 g mol-! Molecular weight of water vapour [45]
Mair 28,9645 g mol-! Molecular weight of dry air [45]
Cpair 1,0051 k] kg1 K1 Constant pressure specific heat capacity of dry air [46][47]
Cpwv 1,8662 k] kg-1 K-1 Constant priessure specific heat capacity of water [46][47]
vapour
Ly 2501 k] kgt Latent-heat of vaporization of water at 0 °C [48]
R 8,31446 ] K-1 mol-! Universal gas constant —

hy

T

DD.2, {Specific enthalpy measurement

prmulae for the saturation vapour pressure, Ps., for water are given in Annex GG. The speciﬂlic

hmidity of a gas, hs(Ty,P),)(mass of water vapour per unit mass of dry air), is calculated using
prmula (DD.1):
M2 P (Ty
hy (TyP)s e —= ) (DD.1)

Mair P-P (Td)

sat

b ‘calculate the specific enthalpy of a gas, the temperature, T in °C, pressure, P in Pa, and dew

point temperature, Tq in °C, needs to be known. The specific enthalpy limit in this document
refers to the specific enthalpy of the delivered gas. Thus, the PROCEDURE outlined below is used to
measure the specific enthalpy. Deviations may be made from this PROCEDURE if justified
appropriately.

a) With a sampling period of no longer than 2 s, measure:

©

1) the DELIVERED GAS TEMPERATURE, T (i.e. at the PATIENT-CONNECTION PORT);
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2) the temperature of the gas at the HUMIDIFICATION CHAMBER outlet, Ty, and take Tq as the
minimum of T and Ty,

3) the pressure of the delivered gas, or an appropriately assumed value (such as 101 325 Pa
at sea level).

b) Calculate the specific enthalpy using Formula (DD.2) and Formula (DD.3) below.

c) Filter the specific enthalpy using a moving average with a 120 s window period.
d) Confirm that the filtered specific enthalpy does not exceed 197 kJ/m3 at any time.

For 20°C< Tq<60°C and 20 °C < T <80 °C, the specific enthalpy of moist air, AH;, is given by
Formula (DD.2):

AH, = Pair [Cp,airT + hs (Td'P) (va + Cp,va)] (* DD. Z)

where

Mair |:P - Psat (Td )}
R(T + 273,15)

Pair = (DD.B)

Formula (DD.3) divides the computation into two parts:’the contribution to the enthalpy due o
the dry air, and due to the water vapour. The enthalpy is first calculated per unit mass of dry alr,
and then scaled by the density of air (pair) to be per unit volume of dry air. The contribution die
tq the dry air is simply cpairT. The contributiofi;due to the water vapour is found by multipling
the specific humidity (kg of water vapour ‘per kg of dry air) by the specific enthalpy per utit
mass of water vapour, which is approximiated by Luv + cpuwvT-

If|the delivered gas is not moist air(e;g. humidified oxygen), appropriate values for M- and cphir
are substituted (e.g. Moz and cp,02)-
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Annex EE
(normative)

Removable temperature sensors and mating ports

EE.1 General

Interoperable temperature sensors and their mating ports are needed to ensure that BREATHING
SYSTEMS and HUMIDIFERS are compatible. For PATIENT safety, the temperature sensor,needs to be
securely retained in a compatible mating port once inserted.

EE.2 Dimensional requirements for removable temperature sensors

a] Removable temperature sensors shall
1) meet the dimensional requirements of Figure EE.1, or

2) Dbe sufficiently different that they cannot be interchanged with those that do meet thege
requirements.

b) Temperature sensor mating ports shall
3) meet the dimensional requirements of Figure'EE.2, or

4) shall be sufficiently different that they,cannot be interchanged with those that do mept
these requirements.
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Dimensions in millimetres, unless otherwise indicated

Y
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Table EE.1 contains the dimensions for this figure.

Figure EE.1 — Removable temperature sensor port
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