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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-govern
Internationg

Internationg
The main {
adopted by

Internationg

Attention is
rights. ISO
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Subcommit

This secon
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ISO 10651
requiremen

Part 2:
Part 3:
Part 4:
Part 6:
The followir

Part 5:

NOTE |
been revised

mental, in_fiaison with 150, also take part in the work. IS0 collaborates closely with
| Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

| Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Rart2.
sk of technical committees is to prepare International Standards. Draft Interrational Stand
the technical committees are circulated to the member bodies for voting:-Publication as

| Standard requires approval by at least 75 % of the member bodies casting'a.vote.

drawn to the possibility that some of the elements of this document miay be the subject of pd
shall not be held responsible for identifying any or all such patent rights.

P was prepared by Technical Committee ISO/TC 121, Anaesthetic and respiratory equipni
ee SC 3, Lung ventilators and related equipment.

d edition of ISO 10651-2, together with ISO 1065156, cancels and replaces the first ed
2:1996), which has been technically revised.

consists of the following parts, under the general title Lung ventilators for medical use — Partiq
s for basic safety and essential performance:

Home care ventilators for ventilator-dependent patients
Particular requirements for emergercy and transport ventilators
Particular requirements forlopérator-powered resuscitators
Home-care ventilatory.support devices

g part is under preparation:

Gas-powered-emergency resuscitators

SO 10661-1:1993, Lung ventilators for medical use — Part 1: Requirements, was withdrawn in 2001 and
as’IEC 60601-2-12:2003, Medical electrical equipment — Part 2-12: Particular requirements for the safg
rs=- Critical care ventilators.

the

ards

an

tent

ent,

tion

ular

has
ty of

lung ventilatq

vi

© ISO 2004 — All rights reserved


https://standardsiso.com/api/?name=fc8e7b5038279e9723e3de3a902f63ce

Int

ISO 10651-2:2004(E)

roduction

This part of ISO 10651 specifies requirements for lung ventilators intended mainly for home care use but
which could be used elsewhere (in healthcare facilities or other locations) for patients dependent on
ventilatory support i.e. where the ventilator is considered to be life-supporting equipment. These
ventilators will frequently be used in locations where driving power is not reliable. These ventilators will often

be 4

This
and
the

gen
safd

The)

surg

NOT
resp

To flacilitate the use of this part of ISO 10651, the following drafting conventions have been applied|

Thid
Cros
the

To

emy
nun
AA,

upervised Dy non-nealthcare personnel with varying levels or training.

part of ISO 10651 is a Particular Standard based on IEC 60601-1:1988, including Amendme
2 (1995), hereafter referred to as the General Standard. The General Standard is the basic
safety of all medical electrical equipment used by or under the supervision of qualified pers
bral medical and patient environment; it also contains certain requirements for reliable operatid

ty.

dards include requirements for specific technologies and/or hazards and’apply to all applicablg
as medical systems, EMC, radiation protection in diagnostic X-ray equipment, softwar

Sta
suc’:];
Parficular Standards apply to specific equipment types, such as medical electron accelerators, hig

ical equipment, hospital beds, etc.

E Definitions of Collateral Standard and Particular Standard can be found in IEC 60601-1:1988,
ectively.

part of ISO 10651 uses the same main clause titles and numbering as the General Standard
s-referencing of the requirements. The changes to the text of the General Standard, as suppl
Collateral Standards, are specified by thie use of the following words.

“Replacement” means that the indicated clause or subclause of the General Standard
completely by the text of this Rarticular Standard.

“Addition” means that the relevant text of this Particular Standard is a new element (e.g. su
item, note, table, figur€),additional to the General Standard.

addition as indicated by the text of this Particular Standard.

avoid confusion with any amendments to the General Standard itself, a particular numberin
loyed_for* elements added by this International Standard: clauses, subclauses, tables and
bered(starting from 101; additional list items are lettered aa), bb), etc. and additional annexes
BB; etc.

nts 1 (1991)
standard for
bnnel in the
n to ensure

General Standard has associated Collateral Standards and Particular Standards. The¢ Collateral

b equipment,
b, etc. The
h frequency

1.5 and A.2,

for ease of
emented by

is replaced

bclause, list

“Amendment” means that existing text of the General Standard is partially modified by delg¢tion and/or

g has been
figures are
are lettered

In this part of ISO 10651, the following print types are used:

requirements, compliance with which can be verified, and definitions: roman type;
notes and examples: smaller roman type;

description of type of document change, and test methods: italic type;

terms defined in the General Standard IEC 60601-1:1988, Clause 2 and terms defined in this Particular

Standard: bold type.

© 1SO 2004 - All rights reserved
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Throughout this part of ISO 10651, text for which a rationale is provided in Annex AA is indicated by an
asterisk ().

Requirements for ventilators intended for anaesthetic applications are given in ISO 8835-5.
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Lung ventilators for medical use — Particular requirements for

ba

sic safety and essential performance —

Part 2:

H

1
IEC
Amg

This
pat

eq
non

Thig

This
spo

The)
and

requirements.

2
The)
refe]
doc

ISO

ISO

me care ventilators for ventilator-dependent patients

Scope

60601-1:1988, Clause 1 applies, except as follows.

bndment:

ents who are dependent on ventilatory support. Such wentilators are considered life
ipment, are frequently used in locations where driving power is not reliable, and are often su
thealthcare personnel with different levels of training.

part of ISO 10651 is not applicable to cuirass andiron-lung” ventilators.

part of 1ISO 10651 is not applicable to :ventilators intended only to augment the vq
htaneously breathing patients.

requirements of this part of ISO 1065;F which replace or modify the requirements of IEC 6(
its Amendments 1 (1991) and 2 (1995) are intended to take precedence over the correspong

Normative references

following referenced documents are indispensable for the application of this document
rences, only thiey<edition cited applies. For undated references, the latest edition of the
iment (including any amendments) applies.

32, Gas'cylinders for medical use — Marking for identification of content

4135, Anaesthetic and respiratory equipment — Vocabulary

part of ISO 10651 specifies requirements for lung ventilatorstintended for home applicatio-ILs for those

upporting

pervised by

entilation of

601-1:1988
ing general

For dated
referenced

ISO 5356-1, Anaesthetic and respiratory equipment — Conical connectors — Part 1: Cones and sockets

ISO 5356-2, Anaesthetic and respiratory equipment — Conical connectors — Part 2: Screw-threaded weight-
bearing connectors

ISO

ISO

ISO

5359, Low-pressure hose assemblies for use with medical gases
5362, Anaesthetic reservoir bags

5367, Breathing tubes intended for use with anaesthetic apparatus and ventilators

ISO 7396-1, Medical gas pipeline systems — Part 1: Pipelines for compressed medical gases and vacuum

© 1SO 2004 - All rights reserved
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ISO 8185, Humidifiers for medical use — General requirements for humidification systems, and Technical
Corrigendum 1:2001

ISO 9360-1, Anaesthetic and respiratory equipment — Heat and moisture exchangers (HMEs) for humidifying
respired gases in humans — Part 1: HMEs for use with minimum tidal volumes of 250 ml

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

volumes of

250 ml

ISO 9919, Pulse oximeters for medical use — Requirements

ISO 14937 ,| Sterilization of health care products — General requirements for characterization of a_stefilizing
agent and the development, validation and routine control of a sterilization process for medical deyices, |and
Technical Gorrigendum 1:2003

ISO 14971,|Medical devices — Application of risk management to medical devices

ISO 15001,|Anaesthetic and respiratory equipment — Compatibility with oxygen

ISO 15223:R000, Medical devices — Symbols to be used with medical device labels, labelling and information
to be suppled

ISO 21647,| Medical electrical equipment — Particular requirements/for the basic safety and esseptial
performancg of respiratory gas monitors

IEC 60079-84, Electrical apparatus for explosive gas atmospheres — Part 4: Method of test for ignftion
temperaturg

IEC 60601-[1:1988, Medical electrical equipment— ~Part 1: General requirements for safety, |and
Amendment 1:1991 and Amendment 2:1995

IEC 60601-[1-2, Medical electrical equipment— ;Part 1-2: General requirements for safety — Collateral
standard: Hlectromagnetic compatibility- Requirements and tests

IEC 60601-[1-6, Medical electrical equipment— Part 1-6: General requirements for safety — Collateral
standard: Usability

IEC 60601-[1-8:2003, Medical electrical equipment — Part 1-8: General requirements for safety — Collateral
standard: General requirements;“tests and guidance for alarm systems in medical electrical equipment|and
medical eleftrical systems

3 Terms and.definitions

For the pyrposes of this document, the terms and definitions given in 1SO 4135, IEC 60601-1:1988,
IEC 60601-4-8-and-the-following-apphy-

3.1

airway pressure

pressure at

3.2

the patient connection port

* applied part
part of the equipment which in normal use

can be

necessarily comes into physical contact with the patient for the equipment to perform its function; or

brought into contact with the patient; or

© ISO 2004 — All rights reserved
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— needs to be touched by the patient; or

— all parts of the ventilator intended to be connected to the ventilator breathing system
NOTE Adapted from IEC 60601-1/A2:1995, 2.1.5.

3.3
clearly legible
capable of being read by the operator or other relevant person with normal vision

3.4
horEe care ventilator for ventilator-dependent patient

ventilator
ventilator, suitable for domiciliary use without continuous professional supervision, intended to augment or
proyide ventilation of the lungs of a patient who is dependent on this ventilation

NOTE 1 As this ventilator is intended to be applied to patients who are dependent on this_ventilation, it {s considered
to b¢ life-supporting equipment.

NOTE 2 This term is hereinafter referred to as “ventilator”.

3.5
home care ventilatory support device for non-ventilator-dependent patient
ventilator, suitable for domiciliary use without continuous professional supervision, intended to augment or
proyide ventilation of the lungs of a patient who is not dependention this ventilation

NOTE This ventilatory support device is intended to be ‘applied to patients who are not dependent on this
venflation and will survive without this ventilatory support, without significant degradation in their health.

3.6
minute volume
4
volyme of gas per minute entering or leavingthe lungs of the patient

3.7
ope€rator's position
intehded position of the operator)during normal use of the equipment

3.8
resérve electrical power’source
pari of the equipment’that temporarily provides electrical power in the event of interruption of [the primary
supply

4 |General requirements and requirements for tests

IECL60601-1:1988 Clause 3 and Clause 4 apply _except as follows.

31
Amendment (add at the end of the subclause):

This shall include all displayed values and calibrated controls over the environmental ranges specified in
10.2.1, as well as the combination of all accessories specified by the manufacturer in the instructions for use.

Any fault that can lead to a hazard and that is not detected by intrinsic means or by periodic inspection (e.g.
an oxidant leak, software defect) shall be regarded as a normal condition and not a single fault condition.

© 1SO 2004 - All rights reserved 3
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Amendment (add at the end of the subclause):

An equivalent degree of safety can be demonstrated by means of a risk analysis, in accordance with

ISO 14971.

5 Classification

IEC 60601

1:14000 Oloion B onnlica _aveoant oo fallo o
T

5.2
Amendmen,

NOTE A

6 Ident

IEC 60601~

6.1 Mark
Replaceme
e) Indicatio
The name &
Amendmen|
j) Power in

The rated
mains soc

Amendmen
q) Physiolg
If applicablg

Addition:

Hasas
T IJO0 ot SCo apP Pt S, CACC DT aS TOUMOWST

{ (add at the end of the subclause):

ventilator can have applied parts of different types.

fication, marking and documents

1:1988, Clause 6, applies, except as follows:

ing on the outside of equipment or equipment parts

nt:

n of origin

nd address of the manufacturer and authotized representative, if applicable.
{ (add at the end of the list item):

but

power input marking shall yinclude the maximum rated power output available to the auxil
ket-outlets with which/the ventilator is equipped.

{ (add at the end Ofthe list item):
gical effects

, a wafning that latex is used.

iary

aa) Any high-pressure input port shall be marked with the name or symbol of gas in accordance with
ISO 5359 and with the supply pressure range and the maximum flow requirements. If gas-specific colour-
coding of flow control or flexible hoses is used, it shall be in accordance with ISO 32.

bb) operator-accessible ports shall be marked. If symbols are used, they shall be explained in the

instructions

for use and validated according to IEC 60601-1-6.

cc) Any particular storage and transport instructions.

dd) * Any particular warnings and/or precautions relevant to the immediate use of the ventilator.

EXAMPLE

Those relevant after storage or transport outside the environmental conditions specified for use.

© ISO 2004 — All rights reserved
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ee) Where appropriate, the date after which the safe operation of the ventilator or accessory, when used for
the first time, is not assured, expressed as the year and month. Symbol 3.12 from ISO 15223:2000 may be
used.

ff) Packages containing breathing attachments intended for single use shall be clearly marked with the

follo

wing, as far as applicable:
1) a description of the contents;

2) an identification reference to the type, or Symbol 3.13 from ISO 15223:2000;

g9)

3) an identification reference to the batch or serial number, or Symbol 3.14 er
ISO 15223:2000;

4) the name or trademark and the address of the manufacturer, supplier and
representative;
5) packages containing latex shall be clearly marked with the word “LATEX”;

6) the word “STERILE”, or Symbols 3.20 to 3.24 from 1SO 15223:2000;
7) the words “SINGLE USE ONLY”, “DO NOT REUSE”, or Symbol 3.2 from ISO 15223:2

All flow-direction-sensitive components that are operator-removable without the use of a t

durably and legibly marked with an arrow indicating the direction of the flow.

hh)
ors

6.3

9)

Amg

Device packaging and/or labelling shall differentiate_between sterile and non-sterile versions
milar products placed on the market by the same manufacturer [see 6.1 ff) 6)].

Marking of controls and instruments

bndment (add at the end of the list'item):

Airway pressures shall be marked in both Sl units and centimetres water column (cmH,0).

Ado
aa)
Am

and|

ition:
Visual displays shall be visible and clearly legible.
bndment (add-at the end of the compliance test):

the legibility test of 6.101.

6.6

[dentification of medical lind | .

3.16 from

authorized

DOO;

pol shall be

bf the same

Replacement:

If gas-specific colour-coding is used (e.g. for flow controls, flexible hoses, gas cylinders, etc.) it shall be in
accordance with ISO 32. See also 56.3 aa).

© 1SO 2004 - All rights reserved
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6.8.2 Instructions for use

Amendment (add at the end of the list item):

d) Cleaning, disinfection and sterilization of parts in contact with the patient

If applicable, the instructions for use shall contain

Addition:

information about cleaning and sterilization prior to first use,

information about cleaning, disinfection and sterilization and any restriction concerning re-use

instructions which indicate the maximum number of reprocessing cycles of cleaning, disinfection
sterilization before a component can no longer be used, or instructions which indicate the visug

and
| or

functional pass/fail criteria to be used in determining when a component can no longer be‘used after

reprocgssing.

aa) Additiopal general information

The instructions for use shall include the following:

1) the intended use of the ventilator;
2) depcription of operator-accessible ports. See also 6.1 bb)*and 56.3 dd);

3) th¢ rated supply range and consumption that is required for normal use of the ventilator (see
49,101, e.g. voltage, current, pressure, flowrate);

4) infprmation necessary to ensure that the ventilator is installed correctly and is in safe and co
wqrking order;

5) a method for testing the function of _the alarm system for each possible alarm condition ar
re¢ommendation for the interval of testing;

6) if the ventilator is provided with’a reserve power supply:
—| how to determine the-status of the reserve power source;
—| how the resgfve power source can be tested; and
—1 the functioning after a switchover to the reserve power supply.

7) * thexampere-hour rating of the internal electrical power source, and the operational time
it has-become fully charged;

also

rect

da

hfter

8) if the ventilator has provision for an external reserve electrical power source (see 49.101
49.102):

— the rated voltage range requirement;
— the nominal voltage range; and

— the maximum current requirement.

and

9) for each control and measured variable provided on the ventilator, a listing of the applicable

range, resolution and accuracy (see also Clause 51);

© ISO 2004 — All rights reserved
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Ado

aa

~

The

ISO 10651

The accuracy should be expressed in the form of maximum zero error, expressed in
units, plus a sensitivity error, expressed, e.g. as a percentage of reading.

-2:2004(E)

appropriate

10) * if the ventilator is specified as being suitable for use in environmental conditions which extend
beyond those specified in 10.2.1 and performance is affected by this, disclosure of the extended

limits and how the ventilator will be affected;

11) the inspiratory and expiratory pressures measured at the patient connection port at

60 I/min for

ventilators intended for providing tidal volumes greater than 300 ml, or at 30 I/min for tidal volumes
between 300 ml and 30 ml, or at 5 I/min for tidal volumes less than 30 ml, when the recommended
ventilator breathing system is in use and normal ventilation is compromised by the total or partial

loss of power supply (see 49.102);

12) a statement as to whether any portion of the gas supplied to a high-pressurecinput |
as fresh gas;

13) * a statement to the effect that antistatic or electrically conductive hesées or tubing
used;

14) warning statement to the effect that the ventilator shall not be\covered or positione
way that the operation or performance of the ventilator is adversely affected (e.g. positig
a curtain that blocks the flow of cooling air, thereby causing the'ventilator to overheat);

15) a statement to the effect that adding attachments oryother components or sub-assen
ventilator breathing system can cause the pressure ‘during expiration at the patient
port to increase;

16) a statement to the effect that, while the ventilator is in use, an alternative means o
should always be available;

17) a statement to the effect that it js of vital importance to provide supervision of ve
addition, it should be assured that*the person taking care of the patient is capable o
necessary corrective actions in the event of a ventilator alarm condition or a malfun|
ventilator;

18) specifications about<he nature and frequency of maintenance operations necessar
continuing safe and carrect operation. This information also applies to accessory compor

B Technical description
ition:
Additionakgeneral information

technjeal description shall include

bort is used

shall not be

d in such a
ned next to

blies to the
connection

f ventilation

ntilation. In
f taking the
ction of the

y to ensure
ents.

the conditionse—nderwhich-anvmeasired-ordicsnlavaed-flow vaolumae or vantilationieto-ba-axn
tHe-60RaHBRSHRaEe I WrHeH—aRy-HReaStHeao-atSprayea+How—vorde-e—YeRthaton15+o 154

essed, e.g.

ambient temperature and pressure dry (ATPD) or body temperature and pressure saturated (BTPS), etc,

the principle, including a summary of algorithms, by which each alarm condition is detected,

* the performance characteristics of the ventilator with any ventilator breathing system, breathing

attachment, and other component or sub-assembly (e.g. breathing tubes, humidifier,
recommended by the manufacturer for inclusion in the ventilator breathing system,

a pneumatic diagram of the ventilator, including each ventilator breathing system either
recommended by the manufacturer,

© 1SO 2004 - All rights reserved
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— any restrictions on the sequence and directions of components intended to be placed within
ventilator breathing system, e.g. where such components are flow-direction-sensitive,

— interdependence of control functions,

— the means by which the continuing pressure alarm condition is detected and the structure of
detection algorithm,

— a listing of the following pressures:

— ma.x.tm.um_stea.dy_l.tm.l.t.l.n.g_p.:essm:e (pLSma;\).

— minimum steady limiting pressure (p gnin);

— range of values to which the maximum working pressure (py ) can be set, and the mean
which the maximum is limited (e.g. pressure cycling, pressure limiting, pressure generation);

— range of values to which the minimum working pressure (pyi,) can be set’and the mean
which the minimum is achieved.

The technidal description shall include, if applicable, the following:

— for all ariables displayed or used for control, the filtering and/or smoathing techniques applied;

— if sub-gtmospheric pressure can be used, the limiting pressure forthe inspiratory and expiratory phasgs;

— the mepns of triggering;

— the characteristics of the breathing system filter, e.g>,connector size, dead space, compliance and
resistance.

6.101 Test method for legibility
Clearly legible indications are correctly perceived by an operator with a visual acuity of 0 on the log N
scale or 6-6 (20/20) vision (corrected if necessary) from the operator's position or a distance of T m+ 1

at a light level of (215 + 65) Ix, when viewing the information, markings, etc. perpendicular to and including
above, beldw, left and right of the line-of sight of the operator.

7 Power input
IEC 60601-1:1988, Clause 7 applies, except as follows.

Addition:

the

the

5 by

5 by

@

flow

AR
0%
15°

7.101 Pneumatic power

When the rated supply pressure range is maintained, the rated [see 6.1 aa)] maximum flow requirement, as

measured at the ventilator's high-pressure input port, shall not be exceeded for more than 0,25 s.

Compliance is checked by inspection.

8 Basic safety categories

IEC 60601-1:1988, Clause 8 applies.

8 © ISO 2004 — All rights reserved


https://standardsiso.com/api/?name=fc8e7b5038279e9723e3de3a902f63ce

9

IEC

10

IEC

ISO 10651

Removable protective means

60601-1:1988, Clause 9 applies.

Environmental conditions

60601-1:1988, Clause 10 applies, except as follows:

10.2.1 Environment

-2:2004(E)

Reglacement:

a) |an ambient temperature range of + 5 °C to + 40 °C;

b) |an ambient relative humidity range of 10 % to 95 %;

¢) |an atmospheric pressure range of 600 hPa to 1 100 hPa;

d) |an ambient temperature of + 45 °C combined with 75 % relative humidity.

Anyl extension (widening) of these conditions, as specified by thé{manufacturer, shall be discl

acc

pmpanying documents. See also 6.8.2 aa) 10).

10.2.2 Power supply

Replacement (third dashed list item):

a voltage fluctuation not exceeding — 20.% to + 10 % of the nominal voltage;

bsed in the

Addition:

10.101 Pneumatic driving<power supplies

If the ventilator is intendéd)to be connected to a medical gas pipeline system complying with ISP 7396-1, it
sha|l operate and meet the requirements of this part of ISO 10651 throughout a range of 280 kPgf to 600 kPa
and| shall cause no-safety hazard with inlet pressures up to 1 000 kPa. The gas flowrate meagured at the
ventilator's high=pressure input port shall not exceed 60 I/min (time-weighted average ovef 10s) at a
pregsure of 280-kPa under normal conditions. Further, the transient flow requirement shall not|exceed the
equjvalent of<200 I/min for 3 s.

NOTE Flowrate values are expressed under ATPD conditions.

11 Not used

12 Not used

13 General

IEC 60601-1:1988, Clause 13 applies.

© 1SO 2004 - All rights reserved 9
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14 Requ
IEC 60601-

Replace 14

irements related to classification
1:1988, Clause 14 applies, except as follows.

.2 title with:

14.2 * Class Il Equipment

15 Limitation of voltage and/or energy

IEC 60601~

16 Enclgsures and protective covers

IEC 60601~

17 Sepa

IEC 60601~

18 Prote

IEC 60601~

19 Conti

IEC 60601~

19.4 * Tests

h) Measurg
Addition:
101) T

C(
C(

1:1988, Clause 15 applies.

1:1988, Clause 16 applies.

ration

1:1988, Clause 17 applies.

ctive earthing, functional earthing and potential equalization

1:1988, Clause 18 applies.

huous leakage currents and patient auxiliary currents

1:1988, Clause 19 applies, except'as follows:

ment of the patient leakage current

ne patient leakage current shall be measured from all parts that are defined as applied partg. All

parts of the)same type shall be connected together electrically, with the exception of garts

nnected to the protective earth terminal which shall be tested separately from parts nof so
nnected.

20 Dielectric strength

IEC 60601-

21 Mech

IEC 60601-

10

1:1988, Clause 20 applies.

anical strength

1:1988, Clause 21 applies.

© ISO 2004 — All rights reserved
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22

IEC

23

IEC

24

IEC

25

IEC

26

IEC

27

IEC

28

IEC

29

IEC

30

IEC

31

IEC

32 Light radiation (including lasers)

IEC

Moving parts

60601-1:1988, Clause 22 applies.

Surfaces, corners and edges

60601-1:1988, Clause 23 applies.

ISO 10651-2:2004(E)

otability In normal use

60601-1:1988, Clause 24 applies.

Expelled parts

60601-1:1988, Clause 25 applies.

Vibration and noise

60601-1:1988, Clause 26 applies.

Pneumatic and hydraulic power

60601-1:1988, Clause 27 applies.

Suspended masses

60601-1:1988, Clause 28 applies:

X-radiation

60601-1:1988, Clause 29 applies.

Alphaj beta, gamma, neutron radiation and other particle radiation

60601-1:1988, Clause 30 applies.

Microwave radiation

60601-1:1988, Clause 31 applies.

60601-1:1988, Clause 32 applies.

© 1SO 2004 - All rights reserved
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33 Infra-red-radiation

IEC 60601-

1:1988, Clause 33 applies.

34 Ultraviolet radiation

IEC 60601-

35 Acouftical energy (including ultrasonics)

IEC 60601~

36 Elect
IEC 60601~
Amendmen|
The ventil
and shall b
37 Locat

IEC 60601~

1:1988, Clause 34 applies.

1:1988, Clause 35 applies.

romagnetic compatibility
1:1988, Clause 36 applies except as follows.
{ (add at the end of the clause):

tor shall meet the appropriate requirements of IEC 60601-1-2."The ventilator shall be Cla
considered life-supporting equipment.

ions and basic requirements

1:1988, Clause 37 applies.

38 Marking, accompanying documents

IEC 60601~

39 Comr|

IEC 60601-

40 Requ
thereof

1:1988, Clause 38 applies.

non requirements-for category AP and category APG equipment

1:1988, Clause 39:applies.

rements)and tests for category AP equipment, parts and components

IEC 60601~

1:1988, Clause 40 applies.

5s B

41 Requirements and tests for category APG equipment, parts and components

thereof

IEC 60601-

1:1988, Clause 41 applies.

42 Excessive temperatures

IEC 60601-

12

1:1988, Clause 42 applies.

© ISO 2004 — All rights reserved
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43

IEC

ISO 10651

Fire prevention

60601-1:1988, Clause 43 applies, except as follows:

43.2 * Oxygen-enriched atmospheres

Replacement:

-2:2004(E)

In order to reduce the risk to patients, to other persons or to the surroundings due to fire, ignitable material,
under normal and single fault conditions, shall not at the same time be subjected to conditions in which

NOT

The
con

If s
of th

Corn

Ado

43.

Con

single fault condition at pressures greater than 50 kPa shall meet the requirements of ISO 15001,

Corn

44

disinfection and compatibility

IEC

the temperature of the material is raised to its minimum ignition temperature, and
an oxidizer is present.
E An air mixture with a volume fraction of less than 25 % oxygen is not considered.to-be an oxidizer|

minimum ignition temperature is determined in accordance with IEC'60079-4 using th
ditions present under normal and single fault conditions.

arking can occur under normal or single fault condition, the material subjected to the energy
e spark shall not ignite under the oxidizing conditions present.

npliance is checked by

conditions,

observing if ignition occurs under the most unfavourable combination of normal conditions w
fault condition.

ition:
101 Compatibility with pressurized oxygen

hponents of the ventilator\system which can come in contact with oxygen in normal con

pliance is checked by inspection.

Overflow; spillage, leakage, humidity, ingress of liquids, cleaning, steriliz

60601-1:1988, Clause 44 applies, except as follows.

e oxidizing

dissipation

determining the temperature to which the material is raised under the normal and dingle fault

ith a single

dition or in

ation,

44.3 Spillage

Amendment (add at the end of the subclause):

The

ventilator shall be so constructed that the spillage does not cause a safety hazard.

44.7 Cleaning, sterilization and disinfection

Amendment (add at the end of second sentence):

, or

be provided with a breathing system filter.

© 1SO 2004 - All rights reserved
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Amendment (add before the compliance test):

Ventilators or accessories labelled sterile shall have been sterilized using an appropriate, validated method
as described in 1ISO 14937.

Non-sterile-device packaging systems shall be designed to maintain products that are intended to be sterilized
before use at their intended level of cleanliness, and shall be designed to minimize the risk of contamination.

Amendment (add at the end of the compliance test):

If a sterility claim is made, review of the accompanying documents for methods of sterilization and

disinfection

44.8 Compatibility with substances used with the equipment

Replaceme

The ventilator and parts thereof shall be designed and manufactured to minimize -health risks du

substances

Particular g
gases with

Compliancsg

and-comparison to the relevant validation reports.
[ d Lad

hi:

leached from the ventilator or its components during use.

which they enter into contact during normal use.

45 Presgqure vessels and parts subject to pressure

IEC 60601~

1:1988, Clause 45 applies, except as follows.

Amendment (add as an additional sentence):

These requ

46 Huma

IEC 60601
Replaceme

IEC 60601~

47 Elect

Not used.

n errors

1:1988, Clause 46 applies; except as follows.
nt:

1-6 applies.

rostatic.charges

is checked by inspection of the information provided by the mandfacturer.

rements shall not apply to the ventilator breathing system.

W

to

ttention should be paid to the toxicity of materials and their compatibility with substances [and

48 Biocompatibility

IEC 60601-

49 Interr

IEC 60601-

14

1:1988, Clause 48 applies.

uption of the power supply

1:1988, Clause 49 applies, except as follows.

© ISO 2004 — All rights reserved


https://standardsiso.com/api/?name=fc8e7b5038279e9723e3de3a902f63ce

ISO 10651-2:2004(E)

Additions:

49.101~

Internal electrical power source

The ventilator shall be equipped with an internal electrical power source capable of powering the
ventilator for at least 1 h. The ventilator shall be equipped with a means of determining the state of this
power source.

NOTE

Ways to evaluate the state include, for example, determination of the time remaining, the percen

via a fuel gauge.

As

prid
eled
the

The
arra

Corn
the

49.

The)
of th

NOT

Con

49.

The)
areg
6.8.
doc

NOT
con

Corn
me4
valy

t charged, or

ventilator shall be

rity. The impending supply failure alarm condition priority may escalate to high priority)as
trical power source depletes. The instructions for use shall state the time betweenAoss of al
generation of alarm signals for the impending supply failure warning alarm condition:

operator needs sufficient time “prior to the loss of all power” to take actionto ensure tha
ngements can be made to continue the life-supporting function.

hpliance is checked by reducing the power source(s) to values below.the minimum value(s)
manufacturer as required for the intended use.

102 Additional external backup power source

ventilator shall have a means of connection to an additienal external backup power source. A
e means of connection shall be given in the instructions for use.

E A means of connection to an automotive vehicle‘power source can be provided.

hpliance is checked by inspection and inspection of the instructions for use.

103 Spontaneous breathing during power failure

ventilator shall be designed to allow spontaneous breathing when normal ventilation is com
sult of electrical or pneumaticisupply power being outside the values specified by the manuf
P aa) 3)]. Resistance values during single fault condition shall be disclosed in the acc
uments [see 6.8.2 aa)41)].

E The purpose.of this requirement is to allow the patient to breathe spontaneously during “
itions” of the ventilator.

npliance is-checked by simulating supply power conditions outside those specified for normal
suring flowrate, pressure and resistance at the patient connection port and comparing
es inthe accompanying documents.

49.

lh_l_l_l_l_lﬁ_l_l_b_l_l_m_l_ﬂ—l‘h_l‘l}e internal electrical power source depletes, but prior to the 10ss of all power, the
equ

pped with a means to detect an impending supply failure alarm condition. It shall be of at.Jeast medium

he internal
power and

alternative

specified by

description

romised as
hcturer [see
bmpanying

bower failure

conditions,
hem to the

Means shall be provided to prevent accidental operation of the on/off-switch.

NOTE

This can be accomplished by means of hardware or software.

Compliance is checked by inspection.

50

IEC

Accuracy of operating data

60601-1:1988, Clause 50 applies.

© 1SO 2004 - All rights reserved

15


https://standardsiso.com/api/?name=fc8e7b5038279e9723e3de3a902f63ce

ISO 10651

51 Prote
IEC 60601-

Additions:

-2:2004(E)

ction against hazardous output

1:1988, Clause 51 applies, except as follows.

51.101 Failure of air and oxygen supply systems

The ventilator shall be equipped with a means to detect a gas failure alarm condition to indicate a failure of
the air supply system or oxygen supply. If a loss of the oxygen supply occurs, the ventilator shall continue to

ventilate with air.

Not deliver
considered

Compliancsg

ng the set gas mixture within the manufacturer's tolerance for the composition of the.mixtu
a failure.

is checked by inspection and functional testing.

51.102 Adjustable ventilator breathing system pressure limitation

A means s
limit value(s

NOTE [
pressure lim
pressure limi

Pressure i

hall be provided to prevent pressure in the ventilator breathing system in excess of the a

).

Depending on the types of breaths being delivered by the ventilator, there can be more than one a
t (e.g. during SIMV ventilation, volume control and pressure support-.can both coexist, each with its own

).

mits shall be operator-adjustable or specified by((within) an active breathing algorithm

combinatiop of both. If pressure limits are not directly adjustable by the operator, the algorithm(s)

determines
Each time
breathing
limit until th

Compliancsg

the limit value(s) shall be described in the instractions for use.

bn active limit value is reached, the ventilator shall act to reduce the pressure in the ventil
system. The interval from the moment'that the ventilator breathing system pressure equalg
b pressure starts to decline shall net'exceed 200 ms.

is checked by inspection and functional testing.

51.103 Maximum ventilator breathing system pressure limitation

The pressu
single faul

Compliancsg
simulating 1
The pressu

fe at the patient connection port shall not exceed 60 hPa (60 cmH,0) in normal condition
condition.

is tested. ‘during controlled ventilation of a test lung (see Figure 101 and Table 101) v
elevant normal and single fault conditions, including occlusion of the patient connection g
re at the patient connection port is measured.

e is

tive

ctive
nigh-

Dr a
that

ator
the

and

hile
ort.

51.104 M

pastrementof-airway pressur

<

The airway pressure shall be indicated. The displayed value shall be accurate within + (2 % of the full-scale

reading + 8

% of the actual reading).

Compliance is checked by visual inspection and verification of accuracy.

51.105*

High-inspiratory pressure alarm condition

The ventilator shall be equipped with a means to detect a high-inspiratory pressure alarm condition. The
maximum alarm condition delay of the high-inspiratory pressure alarm condition shall be three consecutive

breaths.

16

© ISO 2004 — All rights reserved


https://standardsiso.com/api/?name=fc8e7b5038279e9723e3de3a902f63ce

ISO 10651-2:2004(E)

If this alarm condition exists for longer than ten consecutive breaths, the priority of this alarm condition shall
escalate. See also Clause 101.

Patient-generated transient pressures (e.g. a cough) should not cause the alarm condition.

Means shall be provided to prevent the alarm limit from being set above the maximum steady limiting
pressure as described in 51.103.

Compliance is tested during controlled ventilation of a test lung (see Figure 101 and Table 101) while
simulating relevant normal and single fault conditions, including occlusion of the patient connection port.
The pressure at the patient connection port is measured.

i
Key
ventilator

volume measurement device (part of ventilator) to be tested
Fesistance to flow

fest lung

pressure sensor

recorder (pressure as a fuhction of time) with an accuracy + 2 % of actual reading for verification of accuracy of
volume measurement devige

7 Wentilator breathing.system (part of ventilator)

o O WN -

NOTE The volume measurement device (2) can be located elsewhere in the ventilator breathing SYStT (7).

-

igure 101 >~ Configuration of test apparatus for measurement of expiratory pressure and volume

51.106 Expiratory monitoring

The ventilator shall be provided with a means of expiratory monitoring by

a) expiratory tidal volume with a means to detect both a low-expiratory and a high-expiratory tidal volume
alarm condition of at least medium priority, or

b) expiratory minute volume with a means to detect both a low-expiratory and a high-expiratory minute
volume alarm condition of at least medium priority, or

c) expiratory end-tidal CO, with a means to detect both a low-expiratory and a high-expiratory end-tidal CO,
gas level alarm condition of at least medium priority (see 56.103).

© 1SO 2004 — Al rights reserved 17
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The accuracy of the measurement for tidal volumes greater than 100 ml or minute volumes greater than
3 I/min shall be + 20 % of the actual value.

Compliance is checked by visual inspection and verification of accuracy using the apparatus shown in
Figure 101 and described in Table 101.

Table 101 — Conditions for expiratory pressure and volume measurements

Adjustable parameter Test conditions
for ventilators intended to deliver tidal volumes
V> 300 ml 7 < 300 ml
Tidal olume V3 (ml) as measured by means of 500 100
pressyre sensor on test lung (V7 = C x p,4,)
Frequéncy /' (min~1) 10 20
LE ratfo 1:2 k2
Resisthnce R [kPa (I/s)™"] 0,5+ 0,05 2+0,2
Isothefmal compliance C, ml-kPa™" 500 + 25 200+ 10
NOTE The accuracy for C and R applies over the ranges of the measured parameters.
51.107 Hypoventilation alarm condition

The ventilator shall be equipped with a means to detect a hypoventilation alarm condition.

NOTE 1
51.104 or 5
determined |

Compliancg

[he hypoventilation alarm condition can be determined“by the measurement of the variables specifig
.106 but possibly requires additional detection means. The hypoventilation alarm condition can als
y an intelligent alarm system utilizing one or more\variables.

is checked by inspection.

51.108 Continuing pressure alarm condition

The ventil
maximum

Compliancsg

or shall be equipped with a means to detect a continuing positive-pressure alarm condition.
larm signal generation delay shall be 17 s.

is checked by usingthe method described in the technical description.

51.109 R

If the ven

spiration-ratevalarm condition

tTIator is ‘equipped with a means to detect a respiratory frequency alarm condition, it shal

equipped W

ith a means to detect a low-level respiratory frequency alarm condition. It may also be equig

d in
b be

The

be
ped

with a mearrs to'detect a high respiratory frequency alarm condition.

Compliance is checked by inspection.

52 Abnormal operation and fault conditions

IEC 60601-

18

1:1988, Clause 52 applies, except as follows.

© ISO 2004 — All rights reserved
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52.5

Amendment (add following the existing paragraph):

* A single fault condition shall not cause a monitoring or alarm system and the corresponding ventilation
control function to fail in such a way that the monitoring or alarm system fails to detect the loss of the
monitored ventilator control function.

53

Environmental tests

IEC

54

IEC

54.8 Protection against inadvertent adjustments

Rep

Am
pro

NOT
For

seqgyience of keys or switch operations is considered suitable.

Corn

55

IEC

56

IEC

56.83 Connections — General

Ado

60601-1:1988, Clause 53 applies.

General

60601-1:1988, Clause 54 applies, except as follows.

lacement:

ided.
E Mechanical control techniques such as locks, shielding, friction-loading and detents are conside
pressure-sensitive finger pads, capacitive finger switches and microprocessor-oriented “soft” contro

hpliance is tested by visual inspection following the instructions for use.

Enclosures and covers

60601-1:1988, Clause 55 applies.

Components and general assembly

60601-1:1988, Clause 56 applies, except as follows.

ition's;

eans of protection against accidental adjustments of control§)that can create a hazardous output shall be

red suitable.
s, a specific

aa) * Gas leakage from gas supply connections

1) Reverse gas flowrate from all gas input ports into the supply system of the same gas shall not

exceed 100 ml/min under normal conditions.

2) The cross-flowrate of gas from the high-pressure input port of one gas to the high-pressure input

port of a different gas shall not exceed 100 ml/h under normal use. If under single fault

conditions

the cross-flowrate of gases from one to another exceeds 100 mi/h, the ventilator shall generate an
auditory alarm signal. Under single fault conditions, the cross-flowrate of gases from one to

another shall not exceed 100 ml/min.

Compliance is checked by inspection of the information provided by the manufacturer.

© 1SO 2004 - All rights reserved
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bb) High-pressure input ports

High-pressure input port connectors shall be the body of an NIST fitting complying with the requirements of
ISO 5359, the male part of a quick connection complying with the requirements of ISO 5359, or a proprietary
connector incompatible with the fittings and connectors specified in ISO 5359.

Compliance is checked by inspection.

cc) Connection to the medical gas supply system

If an operator-detachable hose assembly is provided for connection between the ventilator and the medical

with

, be

ess

with

sin

gas supply pystem, it shall comply with ISO 5359.
Compliancg is checked by inspection.
dd) Statemlents specific to named ports
1) frgsh-gas intake port
A |fresh-gas intake port, if provided, shall not be compatible with connectors complying
ISP 5356-1 or ISO 5356-2.
2) gab output, gas return port, and patient connection port connectors
The gas output, gas return port, and patient connection port'shall, if conical [see also 6.1 bb)
one of the following:
—1 a 22 mm conical connector complying with ISO 5356-1 or ISO 5356-2;
—1 a 15 mm conical connector complying with_ISO 5356-1;
—] a coaxial 15 mm/22 mm conical connector complying with ISO 5356-1 or ISO 5356-2.
Ngn-conical connectors shall not engage with conical connectors complying with 1ISO 5356-1 un
the¢y comply with the engagement, disengagement and leakage requirements of that standard.
3) Emergency air intake port
Arl emergency air intake’ port shall be provided. It shall not accept any connector complying
ISP 5356-1 or ISO 5356-2.
The emergency air intake port should be designed to prevent obstruction when the ventilator
usg.
4) Flow-direction-sensitive component connectors
Ary-6perate eetion-sens re-eomponent-of-the-ventilater-breathing-sys
shall be so designed that it cannot be fitted in such a way that it presents a hazard to the patient.
5) Accessory port

20

tem

If an accessory port is provided, it shall not be compatible with connectors specified in ISO 5356-1

or ISO 5356-2 and shall be provided with a means to secure engagement and closure.

NOTE  This port is commonly used for sampling of gases or for introduction of therapeutic aerosols.
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6) Monitoring probe port
If a port is provided for introduction of a monitoring probe, it shall not be compatible with connectors
as specified in ISO 5356-1 or ISO 5356-2, and shall be provided with a means to secure the probe in
position and a means to secure closure after removal of the probe.

7) * Manual ventilation port

The ventilator shall not be equipped with a manual ventilation port.

Compliance is checked by inspection.

Addition:

56.101 Reservoir bags and breathing tubes
a) |Any reservoir bags intended for use in the ventilator breathing system shall.comply with ISQ 5362.
b) |Breathing tubes intended for use in the ventilator breathing system shalljcomply with ISO 5367.

Comipliance is checked by inspection.

56.102 Humidifiers and heat and moisture exchangers

Anyl humidifier or heat and moisture exchanger, either incorporated into the ventilator or recommended for
use|with the ventilator, shall comply with ISO 8185, ISO 9360-1 or ISO 9360-2 respectively.

Compliance is checked by inspection.

56.103 Pulse oximeters and capnometers

Any| pulse oximeter or capnometer, eithef_incorporated into the ventilator or recommended for Use with the
ventilator, shall comply with ISO 9919 or'ISO 21647, respectively.

NOTE See ISO 21647.

Compliance is checked by .inspection.

56.104 Oxygen monitor and alarm condition

If tHe ventilator._i§ intended for use with a fractionally inspired oxygen concentration greater than ambient,
then the ventilator shall be provided with an oxygen monitor for the measurement of inspired oxygen
congentrationy“e.g. in the inspiratory limb or at the patient connection port. The oxygen monitor ghall comply
with ISQ 21647 and shall, in addition, be provided with a means to detect a high-oxygen-concentration alarm
coqdition. The high-oxygen-concentration alarm condition shall be at least medium priority.

The alarm limits can be set by the operator or can be derived from the set oxygen concentration or a
combination of both. If limit values are not directly adjustable by the operator, the algorithm that determines
the alarm limit values should be disclosed in the technical description.

Compliance is checked by inspection.
56.105 Integrated monitoring equipment

Any monitoring equipment integrated into the ventilator that is not referenced in this part of ISO 10651 shall
comply with the relevant Particular Standard for that monitoring equipment.

Compliance is checked by inspection.
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57 Mains parts, components and layout

IEC 60601-

1:1988, Clause 57 applies, except as follows.

57.3 * Power supply cords

a) Application

Amendmen

Any d
accid
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following te

Subject the
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considered

58 Prote

IEC 60601~
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IEC 60601~
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201.8.3 In
Amendmen

The maxim
ISO 10651

201.12 Al

Amendmen

t (add an additional dashed list item):

eItaI disconnection from the ventilator under a force of 100 N.

ht (replace the compliance test):

is checked by inspection and, for a ventilator when provided with an applianceycoupler, by
5t

detachable power supply cord for 1 min to an axial pull of force of 100N,

fest, the mains connector becoming disconnected from the appliance inlet of the ventilatd
a failure.
ctive earthing — Terminals and connections

1:1988, Clause 58 applies.

truction and layout

1:1988, Clause 59 applies.

m systems

1-8:2003, Clause 201 @pplies, except as follows.
dication and access

{: (add at the’end of the third paragraph)

um duration of the alarm paused interval for any alarm condition required by this pa
shallnot exceed 120 s.

inst
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DI S

it of

arm condition logging

t (replace the first sentence with the following):

The ventilator alarm system shall be provided with:

Replaceme

22

nt [list items a), b) and c)]:
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a) the alarm system shall log the occurrence, identity and alarm limits of all high priority alarm
conditions;

The alarm system should log
— the time of occurrence,
— alarm signal inactivation states,

— physiological alarm conditions,

— technical alarm conditions.
b) [the contents of the log

— shall be stored for a specified period of time not less than 72 h or until deleted by user action,
— shall not be lost by losses of power of less than 72 h,
— shall not be erasable by the operator, and

— should be available for review by the operator.

c) |the manufacturer shall disclose what happens to the cantents of the log after the alarm gystem has

experienced a total loss of power (supply mains and/or internal electrical power source) fgr a duration
greater than 72 h in the instructions for use.

102 Appendices of IEC 60601-1:1988
The| Appendices of IEC 60601-1:1988 apply.

Addition: The subsequent annexes form an additional element of this part of ISO 10651.
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Annex AA
(informative)

Rationale

This annex provides a rationale for some requirements of this part of ISO 10651, and is intended for those
who are familiar with the subject of this part of ISO 10651 but who have not participated in its development.

An understandingof-theratiomatetundertying-theserequirements-is—considered-tobe-essential-for-theirpr

application.
any revision

The numbgring of the following rationale corresponds to the numbering of the clauses, inithis pal

ISO 10651.

AA.3.2

The definiti
measureme

It is possibl
system in ¢

It is not po
electrically

ventilator breathing system, because the types of such attachments that will be used in clinical work w

type of ven

However, p
intended to

parts for which requirements for leakage currents can be specified in this part of ISO 10651. Such parts

therefore in

AA.4 (3.1)
Software er

This requir
devices shg

It is, theref|
hazardous
within the fr

Furthermore, as clinical practice and technology change, it is believed that a rationale will facil
of this part of ISO 10651 necessitated by those developments.

The numbering is, therefore, not consecutive.

bn of applied part in this part of ISO 10651 is the basis for clarification of requirements for,
nt of, patient leakage current.

pper
tate

it of

and

b that antistatic tubing or other tubing that is conductive could,be used in the ventilator breathing

rror.

5sible, however, to include in this part of ISO 10651 @any requirements on leakage currents from

pperated attachments, such as humidifiers and heating elements, that can be connected in
ilator cannot be anticipated by a manufactureror a test house.

arts integrated with the ventilators, such-as temperature and carbon dioxide sensors, that
come into contact with the patient and-that are connected to the ventilator, are considere

Cluded in the definition of applied part.

rors, should they oceur-should not cause a safety hazard to the patient, operator, or the user

the
th a

are
1l as
are

ement, howevef,\is equivalent to that of IEC 60601-1:1988, 3.1 that effectively states that all

Il cause no safety hazard under normal conditions and a single fault condition.

bre, not>only logical but also prudent to handle an undetected software defect that leads
condition as a normal condition in order to amply accommodate software-controlled deVi
amework of IEC 60601-1 and IEC 60601-1-4.

O a
ces

This approach is advisable, especially with respect to a failure mode effect analysis, to prove compliance with

IEC 60601

-1:1988, 3.1.

A fault that is not detected can exist for a long time. Under these circumstances it is not acceptable to regard a
further fault as a second fault that can be disregarded. Such a first fault is regarded as a normal condition.

An undetected oxygen leak is an important example. It should be considered as a normal condition if it is not
detected by an alarm system or by periodic inspection or unless the system is considered infallible.

AA.6.1 dd)

Immediate i
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mplies the ability to be used quickly enough to prevent serious patient injury.
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