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Introduction

This part of ISO 10651 specifies requirements for portable ldng|ventilators
designed for use in emergency situations and transportOThe$e devices
must meet the definition of a lung ventilator (to automatically ugment or

provide ventilation of the patient's lungs), but wjll frequent!

be used

outside the hospital or home by persons with diffefent levels of training.

A rationale for the most important requirementsis given in anneik M.
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Lung ventilators for medical use —

Part 3
Partic

1.1 Sc

NOTE —

This part
this type
reguirems
specifies
ventilator

This part]
ISO 1065

The scopd
This
and t
other

or air

This

llar requirements for emergency and transport ventilators

Section 1: General

ppe
See the rationale in annex M.

pf ISO 10651 is one of a series of International Standards based on IEC 601-1:1988 (the “Genera
of International Standard is referred to as a “Particular Standard”. As stated in 1.3 of IEC 601
nts of this part of ISO 10651 take precedence.@ver those of IEC 601-1:1988. Where this part o
hat a clause of IEC 601-1 applies, it means_that the clause applies only if the requirement is rel
LiInder consideration.

of I1SO 10651 has common requifements with IEC601-2-12. It also includes requirer
-1:1993.

and object given in clause 1(0fyIEC 601-1:1988 apply, except that 1.1 shall be replaced by the follow

part of ISO 10651 specifies requirements for portable lung ventilators designed for use in emergen
ransport. Emergency‘and transport ventilators, called hereafter “ventilator”, are often installed in an

Craft.

part/0fISO 10651 does not cover operator-powered ventilators (i.e. manual resuscitators).

Standard”);
-1:1988, the
f 1ISO 10651
bvant to the

nents from

ing:

Cy situations
nbulances or

types of rescue Vehicles, but are often used outside this environment, where they have to be carried by the
opergtor or other persons. These devices will frequently be used outside the hospital or home by pe
different levels ofitraining. This part of ISO 10651 is also applicable to devices permanently mounted in

sonnel with
ambulances

1.2 Normative references

The following standards contain provisions which, through reference in this text, constitute provisions of this part
of ISO 10651. At the time of publication, the editions indicated were valid. All standards are subject to revision, and
parties to agreements based on this part of ISO 10651 are encouraged to investigate the possibility of applying the
most recent editions of the standards indicated below. Members of IEC and ISO maintain registers of currently

valid Inte

rnational Standards.

ISO 32:1977, Gas cylinders for medical use — Marking for identification of content.
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ISO 5356-1:1996, Anaesthetic and respiratory equipment — Conical connectors — Part 1: Cones and sockets.

ISO 5356-2:1987, Anaesthetic and respiratory equipment — Conical connectors — Part 2: Screw-threaded weight-
bearing connectors.

ISO 5358:1992, Anaesthetic machines for use with humans.

ISO 5359:1
ISO 5362:1

ISO 5367:1

ISO 7767

ISO 9170:1
ISO 9703-1
ISO 9703-2
ISO 10651-
|IEC 68-2-6:
IEC 68-2-29
IEC 68-2-32

|IEC 68-2-34
Reproducib

IEC 79-4:19
temperatur

IEC 601-1:1

IEC 601-1-2
compatibili

1.3 Defi

For the pu
IEC 601-1:1

989, Low-pressure flexible connecting assemblies for use with medical gas systems.
986, Anaesthetic reservoir bags.

991, Breathing tubes intended for use with anaesthetic apparatus and ventilators.

- 1), Oxygen monitors for monitoring patient breathing mixtures — Safety requirements.

DO0, Terminal units for use in medical gas pipeline systems.

1992, Anaesthesia and respiratory care alarm signals — Part 1: Visual alarm signals.
1994, Anaesthesia and respiratory care alarm signals — Part 2: Auditory alary-signals.
:1993, Lung ventilators for medical use — Part 1. Requirements.

982, Environmental testing — Part 2: Tests — Test Fc: Vibration (sinusoidal).

11987, Environmental testing — Part 2: Tests — Test Eb and.GlUidance: Bump.

:1990, Environmental testing — Part 2: Tests — Test Ed«Free fall.

1983, Environmental testing — Part2: Tests “~— Test Fdb: Random vibration
ility medium.

wide

a

C.

988, Medical electrical equipment.— Part 1. General requirements for safety.

11993, Medical electrical equipment — Part 1: General requirements for safety — Electr
vy — Requirements and tests:

nitions

rposes.Ofthis part of ISO 10651, the definitions given in ISO 10651-1:1993, 1.3, and in ¢
988 apply, with the following exceptions.

The definiti

I 1 . 2185 shallhg ranlacad by tha fallovazing:
an—g#en—m—l-EG—GOJ—J—LQ%. O B Y—-Re—oHOWWHRG

75, Electrical apparatus for explosive, gas atmospheres — Part4: Method of test fd

band —

r ignition

bmagnetic

ause 2 of

2.1.5 applied part: All parts of the ventilator intended to be connected to the patient or to the breathing

system.

NOTE — See also the rationale in annex M.

1) To be pu

blished.
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The definition given in ISO 10651-1:1993, 1.3.19, shall be replaced by the following:

1.3.19 high-pressure gas input part: Gas input port to which gas is supplied at a pressure greater than

500 kP

a.

NOTE — Attention is drawn to the definitions given in ISO 4135.

The following definitions also apply:

1.3.1 emergency ventilator: Portable lung ventilator intended for emergency ventilation and resuscitation use
primarily outside hospital facilities.

1.3.2 migrobial [bacteriall [particulate] filter: Device intended 1o reduce bacteria content and particy
content off the gas stream.

1.3.3 ne|

pnatal: Pertaining to an individual weighing less than 5 kg.

1.3.4 operator-powered resuscitator: Portable non-active medical device used in-emergency s

provide lu

1.3.5 pa

1.3.6 trg
facilities.

1.4 Ge

ng ventilation to individual whose breathing is inadequate.

ediatric: Pertaining to an individual weighing between 5 kg and 40 kg.

neral requirements

The generpl requirements given in clause 3 of IEC 601-1:1988 apply, with the following addition:

NOTE 14— All parts of the ventilator should be designed and manufactured to minimize health risks due to
leached or leaking from the device during use.

3.6 k)

a) sh

Applicable single-fault conditions are

brt- and open-circuits of compohents or wiring which can increase temperature (see clause 7)

'

b) ingorrect output resulting from-software error(s).

3.6 k B) An oxidant leak wvhieh is not detected by e.g. an alarm or periodic inspection shall be cd

normal

condition and not-a‘single-fault condition.

NOTE + See also 547).

361
control

lllumination’ of 215 lux shall be provided. Measurement of ambient illumination shall be mad
panettoward the test subject. Test operator shall have vision of 1, corrected if necessary.

late matter

ituation to

nsport ventilator: Lung ventilator intended for use during teansport to, between, or within hospital

substances

nsidered a

e from the

1.5 General requirements for tests

The requirements given in clause 4 of IEC 601-1:1988 apply.

1.6 Cla

ssification

The classification given in clause 5 of IEC 601-1:1988 applies.

NOTE — A ventilator may have applied parts of different types.
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The requirements given in clause 6 of IEC 601-1:1988 apply with the following additions and modifications:

6.1e) Amend existing IEC 601-1:1988 text to read:

The address of the manufacturer and/or authorized representative, as applicable, shall also be marked.

After 6.1 z) add the following items:

6.1 aa) All operator-accessible flow-direction-sensitive components, unless non-interchangeable, shall be

permangmntly marked with a cleany tegibfe armow maicatmg the directionof ffow————————————— . ]

6.1 ab)

accordafpce with 1ISO 5359, the range of supply pressures and the maximum flow requirement.

6.1 ac)
least in
for use.

1)

DriVing gas input port: the words “"DRIVING GAS INPUT";

Any high-pressure gas input port shall be marked with the name or symbol of thenintended gas in

If operator-accessible ports are provided, they shall be marked. The following~terms shall be used at
the national language or English. Alternatively, symbols may be used and gxplained in the injstructions

2) fregh gas intake port: the words “FRESH GAS INTAKE";

3) emgrgency air intake port: the words “WARNING: EMERGENCYAIR INTAKE — DO NOT OBSTRUCT";

4) manual ventilation port: the word "BAG”;

5) gas|output port: the words “GAS OUTPUT";

6) gas|return port: the words “GAS RETURN";

7) gag exhaust port: the word “EXHAUST",;

8) prepsure gauge port: the words “"PRESSURE GAUGE" marked with a clearly legible arrow.

6.1 ad) | Each ventilator assembly shall'be provided with a permanently attached checklist which symmarizes
the tesf procedures recommended-by the manufacturer which have to be performed prior to use. The use of

electronjic displays, e.g. a CRT s permitted.

6.1 ae) | The ventilator shal} be durably and legibly marked with the following as far as applicable:

1)

4)

any| particular storage and/or handling instructions;
any particulatinstructions for use;

anyl particular warnings and/or precautions relevant to the immediate operation of the ventilator;

the range of body mass for which use of the ventilator 1s specified.

6.1 af) Packages containing breathing attachments intended for single-patient use shall be clearly marked with
the following:

1)
2)

4)

a description of the contents;

the words “SINGLE PATIENT USE";

NOTE — Symbol No. 1051 given in ISO 7000 may additionally be used.
the word “STERILE” or “NON-STERILE", as applicable;

the name and/or trademark or the manufacturer and/or supplier;
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recommended methods of cleaning, disinfection and sterilization;

an identification reference to the type, batch or serial number;

the mass of the ventilator and any associated equipment (e.g. cylinder, batteries, regulators, carrying cases,

etc.);

NOTE — Some breathing attachments may contain these recommended methods in the instructions for use.

6.1 ag) Packages containing breathing attachments made of conductive materials shall be clearly marked with
the word “CONDUCTIVE" or “ANTISTATIC".

6.1a
clearly

6.1 ai
with |

6.8.2 a)

The ingtructions for use shall additionally include the following:

1)

4)
5)

6)

) Packages containing breathing attachments for single-patient use or whicharedisposa
marked with the recommended duration of use.

If gas-specific colour coding of flow controls and flexible hoses is provided, it shall ‘be in
50 32.

Add the following text:

m

Kpected operating time and conditions therefor.

If the ventilator has an internal power source, a specification of the minimum operating
hich the ventilator meets the specifications under normal use as stated by the manufactd
ven.

T Qs o

If the ventilator is pneumatically powered, the range of supply pressures shall be stated

c If the ventilator is provided with a reserve pewer supply, the functioning after a switc
serve power supply shall be described.

Unless entrainment of air is prevented, regommendation for use in hazardous or explosive af
including a warning that if the ventilator will'entrain or permit the patient to inhale gas from the &
ity use in contaminated environments-may be hazardous. If applicable, the manufacturer shall d
prevent such entrainment or inhalatjon, for example, by the use of a filter.

method of testing the following.alarms prior to connection of the breathing system to the pati
a) high-pressure alarm;

b] breathing circuit integrity alarm, if provided;

c) power failure alarm;

d] high and_éw-oxygen concentration alarms, if provided.

he intended use of the ventilator (e.g. adult, neonatal, range of body mass).

f| the, Ventilator is fitted with a gas mixing system, the manufacturer shall disclose the

le shall be

accordance

time during
rer shall be

(see 10.2).

hover to the

mospheres,
tmosphere,
bscribe how

ENt:

information

necessary for safe operation.

A recommendation that an alternative means of ventilation be available.

6.8.2d) Add the following text:

The instructions for use shall contain information about cleanliness and sterility upon delivery for parts in contact
with the patient or the respiratory gases.

6.8.3 a) Add the following text:

The requirement given applies with the following addition:
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Unless otherwise specified, parameters shall be assumed to be expressed under ATPD (atmospheric
temperature and pressure, dry) conditions. The technical description shall additionally include the following
information, as far as applicable.

1)

3)

8)

9)

10)

11)

12)

The following pressure information:

Ranges of the following parameters, if preset or settable to values above ambient:

DesLription of the means of triggering.

The|purpose, type, range and sensing position of all measuring énd“display devices either incorpo

the

maximum limited pressure (pjim max.);
minimum (subatmospheric) limited pressure {pjimy Min.);

range of values to which the maximum working pressure can be set and the means by which the

maximum is assured (e.g. pressure cycling, pressure-limiting pressure generation);

a statement whether negative pressure (subatmospheric) is available in the expiratory phase. If there is

a facility for negative pressure in the expiratory phase, the limiting pressure and generated pr

essure, if

applicable, shall be listed for the expiratory phase and the inspiratory phase;

range of values to which the minimum (subatmospheric) working pressure can be set @nd’ th
by which the minimum is assured.

cycling pressure;
end-expiratory pressure;
delivered concentration of oxygen.

ventilator or recommended by the manufacturer for use with the ventilator.

e means

rated into

Confitions under which any measured or displayed flow,wolume or ventilation (V) are to be expregsed (e.g.

ATHAD, BTPS) and the condition and composition oftgas in the corresponding sensor so that th
conplies with the accuracy requirements specifieddh 51.9.

For
det
rep

Sizq and type of battery, criteria_forsthe need for replacement and any special precautions.

gction and, if appropriate, suppressignor delay of annunciation, estimated battery life andg
lrcement batteries.

e display

alarms used with the emergency ventilator, a statement of their type, capabilities, principle of the alarm

suitable

Internal volume of any breathing attachments or other components or subassemblies recommended by the

marufacturer to be placed.between the patient connection port and the patient. The manufacture
conpponents shall disclose the test method on request.

of these

Thel instructionsér“use shall include disclosure of the resistance, compliance, internal volume gnd other

fun
or

Inspiratory and expiratory resistances shall be disclosed for flowrates of 60 I/min for adult use, 3

tional characteristics of the complete ventilator breathing system, including any breathing aftachment
bther cemponents or subassemblies, e.g. humidifier or microbial filter, recommended by the
manufacturer, and identification of any operator-detachable breathing system components.

[/min for

paediatric use and 5 I/min for neonatal use.

A statement that the operator will have to ensure (in accordance with 56.16) that these values are not
exceeded when adding attachments or other components or subassemblies to the breathing system.

Disclosure of the characteristics or the microbial filter, if fitted.

Pneumatic diagram of the ventilator and a diagram for each ventilator breathing system either supplied or
recommended by the manufacturer.

Details of any restrictions on the sequence of components within the ventilator breathing system, e.g.
where such components are flow-direction-sensitive.
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13)

14)

15)

16)

After 6.8.B d) add the following clause:
6.8.3 ¢) Extreme conditions
The mjanufacturer shall declare how the ventilator will respond as the environmental and supply co
extengled outside the limits given in clause 10, changing one pararfieter at a time, while the other

are m

Outside the environmental and supply conditions specified ™\ clause 10 but within the limits d
ventildtor shall not cause a safety hazard to the patient or-opgetator.

NOTE — The ventilator might continue to function but outside the specified tolerances.

1.8 Power input

The requirements given in clause 7 of IEC.601-1:1988 apply.

ISO 10651-3:1997(E)

Interdependence of controls.

Disclosure of accuracies, in terms of precisions and bias and ranges of displayed values and calibrated

controls.

NOTE — Accuracies should be expressed in the form of maximum zero error, quoted directly in appr
plus a sensitivity error, quoted e.g. as a percentage of the reading.

opriate units,

Rationale: A zero error, together with a sensitivity error, is needed if a variable can pass through zero or can, in any

application, cover a range such that the minimum is a small fraction of the maximum.

Disclosure of how the delivered tidal or minute volumes and oxygen concentration are affected

at tha matiomt Ao At AP e rtioday $ha ooy

by pressure

A ) et £ 4o [N oyl -
T T T aevIigauuris ITOUTTT e eanirdleld Or Sid

of these parameters at mean pressures of 0,5 kPa, 1,56 kPa, 3,0 kPa and 6,0 kPa.

na o
T POTICTIC COTIT e CToTT oG paraocoaT oo

a [typical pressure and when the ventilator is set with typical ventilator settings. The.chosen p|
tHe ventilator settings shall be disclosed.

pintained within the limits given in clause 10, as well as combinations given by the manufacturgr.

ed settings

Approximate duration of the gas supply, expressed as time per litre volume of the cylinder when charged at

fessure and

nditions are
parameters

bclared, the
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Section 2: Environmental conditions

2.1 Basic safety categories

The requirements given in clause 8 of IEC 601-1:1988 apply.

2.2 Rem

The requirements given in 6.1 z) of IEC 601-1:1988 apply.

2.3 Environmental conditions

The requirenmpents given in clause 10 of IEC 601-1:1988 apply, with the following modifications and additions.

10.2.1 a)

10.2.1 b)| A relative humidity range of 15 % to 95 %.

10.2.1 ¢)

10.2.2 ¢)
ranges o

— a.c.
— d.c.
— a.c.
NOTE —

10.2.3 [External pneumatic power

The ven
variation

If the vdntilator is_intended to be connected to a medical gas supply (either a medical gas pipelin
complyirlg with prEN 737-3 or a pressure regulator complying with prEN 738-1), it shall operate and
requirements of this part of ISO 10651 for a pneumatic power supply throughout a range of 280 kPa to

and shal
inlet pre

© SO

pvable protective means

An ambient temperature range of — 18 °C to + 50 °C.

An atmospheric pressure range of 70 kPa to 110 kPa:

The ventilator shall continue to function within the specified tolerances throughout the
internal and external electrical power tolerances:

boltage: — 25 % to + 15 % of nominal value;

voltage: — 15 % to + 25 % of nominal Value;

frequency: — 5 % to + 5 % of nominal value.

D.C. noise should be consideredin the design of a ventilator intended to be powered by an external d.q

lilator shall continie-to function within the specified tolerances throughout the range of
5 specified by the, manufacturer.

cduseé no safety hazard under the single-fault condition of the medical gas supply of up to
bsure. The time-weighted average over 10 s and the steady-state flowrate of each medical gad

following

. supply.

pressure

P system
meet the
600 kPa,
000 kPa

required

by the ventilator shall not exceed 60 I/min at a pressure of 280 kPa measured at the gas inlet port. The transient
flowrate of each medical gas required by the ventilator shall not exceed the equivalent of 200 |/min for 3 s.

10.3 The ventilator shall function under the extreme conditions and combinations of these as declared by the
manufacturer in 6.8.3 e).
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Section 3: Protection against electric shock hazards

3.1 General

The requirements given in clause 13 of IEC 601-1:1988 apply.

3.2 Requirements related to classification

The requirements given in clause 14 of IEC 601-1:1988 apply.

3.3 Limitation of voltage and/or energy

The requjrements given in clause 15 of IEC 601-1:1988 apply.

3.4 Enclosures and protective covers

The requirements given in clause 16 of IEC 601-1:1988 apply.

3.5 Separation

The requirements given in clause 17 of IEC 601-1:1988 apply.

3.6 Proptective earthing, functional earthing and potential equalization

The requfrements given in clause }8'of IEC 601-1:1988 apply.

3.7 Cantinuous leakage currents and patient auxiliary currents

The requjrements given in clause 19 of IEC 601-1:1988 apply with the following amendment.

19.4 Adf the following text to item h).

NOTE (=~See also annex M in this part of ISO 10651

The patient leakage current shall be measured from the ventilator inlet(s) and outlet(s) and other parts which are
defined as applied parts for the purpose of this part of ISO 10651. All parts of the same type shall be connected
together electrically, with the exception of parts connected to the protective earth terminal which shall be
tested separately from parts not so connected.

3.8 Dielectric strength

The requirements given in clause 20 of IEC 601-1:1988 apply.
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Section 4: Protection against mechanical hazards

4.1 Mechanical strength

© SO

The requirements given in clause 21 of IEC 601-1:1988 apply with the following additions and modifications:

21.6 Replace the existing text with the following:

The vent

tests in

During dnd after the tests, the ventilator shall continue to function within the tolerances specifie
manufacturer for normal use conditions.

21.6a)

— Frequency range: 10 Hz-1 000 Hz

— Am

—_ NurIber of sweep cycles: four on each axis

— Sw

21.6 b)

— AS[O 10-200 Hz: 0,01g2/Hz

— AS[Q 200-500 Hz: 0,00392/Hz

— Totql r.m.s. acceleration: 1,7g (rms)
—  Durhtion/axis/mounting: 30 min

21.6¢c)

— Peak acceleration: 15g

— Pulde duration: 6 ms

— Number of bumps: 4 000

— Dirgction: vertical, with the-ventilator in its normal operating positions

21.6 d)

— Height of fall;.0,75 m
— Number of<falls: one on each of the six surfaces

Hotar sahila fonatinnina chall withstand the stresses caused by rauah handlina and shall camply with the
o wheFRcHORRG y g g Py

21.6 a) to d).

\ibration (sinusoidal) in accordance with |IEC 68-2-6 Test Fc

plitude/acceleration: 0,35 mm/49 m-s—2

ep rate: 1 octave/min £ 10 %

Random vibration (wide band) — Reproducibility medium intaccordance with |[EC 68-2-36, Test]

Bump test in accordance with IEC 68:2:29, Test Eb

Free fall test infagcordance with |EC 68-2-32, Procedure 1

d by the

Fdb

4.2 Moving parts

The requirements given in clause 22 of IEC 601-1:1988 apply.

4.3 Surfaces, corners and edges

The requirements given in clause 23 of IEC 601-1:1988 apply.

10
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4.4 Stability in normal use

The requirements given in clause 24 of IEC 601-1:1988 apply.

45 Expelled parts

The requirements given in clause 25 of IEC 601-1:1988 apply.

4.6 Vibratiomandnoise

The requirements given in clause 26 of IEC 601-1:1988 apply.

4.7 Pneumatic and hydraulic power

The regdirements given in clause 27 of IEC 601-1:1988 apply.

4.8 Suspended masses

The regujrements given in clause 28 of IEC 601-1:1988 apply.

11
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Section 5: Protection against hazards from unwanted or excessive
radiation

5.1 X-radiation

The requirements given in clause 29 of IEC 601-1:1988 apply.

5.2 Alpha, beta, gamma, neutron radiation and other particle radiation

The requirements given in clause 30 of IEC 601-1:1988 apply.

5.3 Microwave radiation

The requirefnents given in clause 31 of IEC 601-1:1988 apply.

5.4 Light radiation (including lasers)

The requirefnents given in clause 32 of IEC 601-1:1988 apply.

5.5 Infrdred radiation

The requirements given in clause 33 of IEC 601-1:1888 apply.

5.6 Ultraviolet radiation

The requirenents given in clause 34 of IEC 601-1:1988 apply.

5.7 Acoustical energy (including ultrasonics)

The requirements givén in clause 35 of IEC 601-1:1988 apply.

5.8 Electromagnetic compatibility

The requirements given in clause 36 of IEC 601-1:1988 apply.

5.8 a) The ventilator shall continue to function and meet the requirements of this part of ISO 10651 or shall fail
without causing a safety hazard when tested in accordance with IEC 601-1-2:1993, with the following
modification.

If an anomaly occurs, such as display interruption, alarm activation, etc., it shall be possible to restore normal
operation within 30 s after the electromagnetic disturbances have been applied.

NOTE — Silencing of an activated alarm should not be considered as a failure.

12
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5.8 b) The requirements of IEC 601-1-2 apply, with the following modifications:
36.202.1 Replace the test voltages specified to 8 kV for contact discharges and 15 kV for air discharges.

If an anomaly occurs, such as display interrupt, alarm activation or silencing of an activated alarm, it shall
not be considered a failure if it is possible to restore normal operation within 30 s.

36.202.2.1 Replace the level of 3 V/m with 30 V/m.

For the purposes of radiated immunity tests, the ventilator shall not be considered as patient-coupled
equipment as defined in 2.202 of IEC 601-1-2.

13
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Section 6: Protection against hazards of ignition of flammable
anaesthetic mixtures

6.1 Locations and basic requirements

The requirements given in clause 37 of IEC 601-1:1988 apply.

6.2 Marking, accompanying documents

The requirements given in clause 38 of IEC 601-1:1988 apply.

6.3 Common requirements for category AP and category APG equipmeént

The requirements given in clause 39 of IEC 601-1:1988 apply.

6.4 Requirements and tests for category APG equipment,-parts and components thereof

The requirenpents given in clauses 40 and 41 of IEC 601-1:1988 apply.

14
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Section 7: Protection against excessive temperatures

and other safety hazards

7.1 Excessive temperatures

The requirements given in clause 42 of IEC 601-1:1988 apply.

7.2 FiLe prevention

The regyirements given in clause 43 of IEC 601-1:1988 apply, together with the following additions.

43.1| In order to reduce the risk to patients, other persons or the surroundings dug-to" fire, ignitgble material,
undef normal and single-fault conditions, shall not, at the same time, be subjectedtoléonditions in Which:

— the temperature of the material is raised to its minimum ignition temperatdre, and

— ah oxidant is present.

The minimum ignition temperature shall be determined in accofdance with IEC 79-4 using

condftions present under normal and single-fault conditions.

Compliance is checked by determining the temperature to which the material is raised under norm

fault ponditions.

he oxidizing

bl and single-

43.2( If sparking can occur under normal or singlefault conditions, the material subjected td the energy

dissipation of the spark shall not ignite under the oxidizing conditions present.

Compliance is checked by observing if ignitien’ occurs under the most unfavourable combinati

cond|tions with a single fault.

n of normal

7.3 Opverflow, spillage, leakage, humidity, ingress of liquids, cleaning, sterilization and

disinfdction

The reglirements given in clause 44 of IEC 601-1:1988 apply, with the following modifications.

44.6 | Modify as follows:

The pentilatorskall be splash-proof. During and after the test as specified in 44.6 of IEC 601
emelfgency yehtilator in the condition given in 4.6. a) shall continue to function within the tolerances

the manufaeturer for normal use conditions and shall not cause a safety hazard.

44.4| Add the following text.

-1:1988, the
specified by

The emergency ventilator shall be splash-proof.

44.7 Add the following text.

Ventilator breathing system attachments and subassemblies in contact with exhaled gases and intended for

reuse shall be so constructed that they can be dismantled for cleaning, disinfection or sterilization.

7.4 Pressure vessels and parts subject to pressure

The requirements given in clause 45 of IEC 601-1:1988 apply.
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7.5 Human errors

Not

used.

7.6 Electrostatic charges

Not used.

7.7 Materials in applied parts in contact with the body of the patient

The requiren

7.8 Inter

The requirenpents given in clause 49 of IEC 601-1:1988 apply, with the following addition:
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nents given in clause 48 of IEC 601-1:1988 apply.

ruption of the power supply

bntaneous breathing during power failure

he spontaneously.

wer failure, the resistance at the patient connection port to inspiratory and expiratory gas flows
6 kPa (6 cmH,0) at 30 I/min for adult use, 0,6 kPa at™15 I/min for paediatric use and 0,6 kPa at
tal use.

s performed without use of attachable accessaries which may affect inspiratory and expiratory r
bd by the manufacturer in 6.8.3 of IEC 60151.1988.

hall be provided to prevent inadvertentgperation of the OFF switch.

s configured for use in hazardous.atmospheres are exempt from this requirement. See |EC 6(
hazardous environment regujrements.

ator shall be designed so that under conditions of power failure)\either electrical or pneumatic, thHe patient

shall not
2,5 1/min

psistance

1-1:1988
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Section 8: Accuracy of operating data and protection against

hazardous output

8.1 Accuracy of operating data

The requ
50.3

Whilg
manu

8.2 Pr
The requ

51.5
51.5.

The
and
speci

Comq
for th

51.5.

Ifas

NOTE

A me
prior

51.6

The
not e

irements given in clause 50 of [EC 601-1:1988 apply, with the following addition.

Displays of measured variables

the emergency ventilator is in normal use, all displays of measured variables shall be accuta
facturer's specified range when tested under the operating conditions given in clause 10.

otection against hazardous output

rements given in clause 51 of [EC 601-1:1988 apply, with the following additiorfs:

Power-failure alarm

Electrical or pneumatic driving power

fied by the manufacturer.

e specified purpose of use.

P Reserve power supplies (if provided)

— Examples of reserve power supplies are:
— operation of a device with acéumulators instead of mains power;
— operation of a device with\gas cylinders instead of gas supply pipelines;

— use of oxygen as driving power after failure of the air supply.

ans shall be provided-te’allow the operator to determine the state of the reserve power supp
0 use.

Pressure limitation

haximumulimited pressure at the patient connection port under normal use and single-fault co
Kceed 10 kPa (100 cmH>0) or 120 % of the maximum working pressure, whichever is greater.

51.7

Devicafor maasiirina racniratan, nracciira
=SV Fo-ReaSHHRgFeSPHatoR-PpresSH

entilator shall have a power-failure alarm which activates an audditory alarm signal of at least
hich shall comply with ISO 9703-2, if the electrical or pneumiatic power supply falls beloy

liance shall be checked by simulating a drop below the supply power (pneumatic and/or electr

vitchover (automatic or manual) to a reserye power supply has occurred, this shall be indicated.

e within the

7 s duration
V the values

cal) required

y during and

nditions shall

Transport ventilators shall be provided with a device for measuring the respiratory pressure. The value read by
the operator shall be accurate within £ (2 % of the full-scale reading + 8 % of the actual reading).

Test for compliance by visual inspection and verification of accuracy.

51.8

High-pressure alarm

A high-pressure alarm shall be provided. It shall activate an auditory signal when the inspiratory-pressure alarm
level is reached.

17
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It shall not be possible to set the alarm levels above the maximum pressure permitted by the means of
pressure limitation referred to in 51.6.

Test for compliance by creating a respiratory pressure exceeding the upper alarm limit in the breathing system
during controlled ventilation of the test lung (see figure 1 and table 1) and while simulating relevant single fault

conditions.
4 6
)
2 8
/7
1\::1
Key
1 Ventilator
2 Volume measurement device to be tested
3 Resistance to flow
4 Test lung
5 Pressure sensor
6 Recorder (pressure as a fungtion of time) with an accuracy £ 2 % of actua
for verification of accuracy of volume measurement device
7 Breathing system
8 Expiratory valve
NOTE — |Location of the volume measurement.device (2) is arbitrary; it may be located elsewhere in the
system.
Figure 1 — Typical configuration of test apparatus for measurement of expiratory volume
Table 1 — Conditions for expiratory volume measurements
Adjustable parameter Test conditions
Adult use Paediatric use Neonatal use
Tidal¥olme, Vr (ml) as measured by a
plessure sensor on the test lung 500 300 30
(VT =CxXpw max)
10 20 30

reading

breathing

Respiratory cycle frequency, f(min-1)

I/E ratio

Resistance to flow, R (kPa-I-1-s-1)

Isothermal compliance, C (ml/kPa)

1/2 or nearest

05+10 %
5005 %

1/2 or nearest

2+10%
200£5 %

1/2 or nearest

5+10 %
105 %

NOTE — The accuracies for C and R apply over the entire range of measurements.
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51.9 Device for measuring expiratory volume

If a device for measuring the expiratory tidal volume or the minute volume is provided, the accuracy
requirement shall be within 20 % of actual reading above 100 ml tidal volume or 2 |/min. Accuracy below
100 ml tidal volume shall be disclosed in the instructions for use.

Test for compliance by visual inspection and verification of accuracy using apparatus as outlined in figure 1.

51.10 Breathing system integrity alarm

If a breathing system integrity alarm is provided, it shall generate an auditory signal in accordance with
ISO 9703-2. A means of silencing the alarm shall be provided in accordance with 51.12.

Compliance shall be checked by disconnecting the patient connection port at the patient tube whilg performing
a controlled ventilation.

The ¢perational apparatus is attached to a test lung and operated in accordance with the instructlons for use.
The quditory alarm shall sound within 20 s following disconnection. In case of IMV ventilation, it is [permitted to
delay] the alarm for the period between two IMV cycles but no longer than 45 s.

51.11 High and low oxygen concentration alarm
If prgvided, the high and low oxygen concentration alarms shall comply with the requirements of ISQ 7767.

Compliance shall be tested by visual inspection and functional testing) simulating an oxygen concentration above
and Relow the set alarm limits.

51.12 Alarms

a) The characteristics of any auditory alarm shall be-disclosed by the manufacturer.
Visudl alarm indication, if provided, shall comply with ISO 9703-1. Auditory alarms shall comply with[ISO 9703-2.
NOTH — The characteristics should be appropriate for the intended application(s), e.g. in a road ambulance| between the
depaftments of a hospital, in a helicopter, etc.

b) The maximum time for which an auditory alarm signal can be silenced shall be 120 s.

c) isual indicators and their asseciated markings and warnings integral to the ventilator that arg intended to
be viewed from the operators position shall be ciearly legible when tested as follows:

Place the test operator in"the operator's position at a distance of 500 mm from the ventilatof. The test is
bassed if the test\oOperator can correctly identify all controls and indicators, verify all gyalitative and
luantitative information, and read all warning statements.

51.13 Protection against inadvertent adjustments

Meaps of ‘protection against inadvertent adjustment of controls which can create a hazardous odtput shall be
provided,

NOTE — Mechanical control techniques such as locks, shielding, friction-loading and detents are considered suitable. For
pressure-sensitive finger pads, capacitive finger switches and microprocessor-oriented “soft” controls, a specific sequence
of key or switch operations is considered suitable.

Test for compliance by visual inspection following the instructions for use.
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Section 9: Abnormal operation and fault conditions; environmental tests

9.1 Abnormal operation and fault conditions

The requirements given in clause 52 of IEC 601-1:1988 apply.

9.2 Envirenmentaltests

The requirements given in clause 53 of IEC 601-1:1988 apply.
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Section 10: Constructional requirements

10.1 General

The requirements given in clause 54 of IEC 601-1:1988 apply, with the following additions.

54.1

A sin
ventil

and thus fails to detect the loss of the monitored ventilator function.

Test flor compliance by simulation of a single-fault condition and/or visual inspection.

543

The vpntilator shall be capable of delivering at least 85 % O, (V/V).

10.2 Bnclosures and covers

The requjrements given in clause 55 of IEC 601-1:1988 apply.

10.3 Components and general assembly

The requ

56.3

If mofe than one driving gas input port-is provided, each driving gas input port shall be fitted with
as urfidirectional valves, to prevenfireverse gas flow either to the atmosphere or into the pipelin

Arrangements of functions

1-3:1997(E)

le-fault condition shall not cause a monitoring and/or alarm device as per clause 51 and the corresponding

htion control function to fail in such a way that the monitoring function becomes simultaneous

Delivered oxygen concentration

Add the following items:

y ineffective

rements given in clause 56 of IEC 601-1:1988 apply, with the following additions and modifications.

Means, such
b, blender or

other|supply system. The reverse“gas flowrate shall not exceed 5 ml/min under the operating conditions of the

lung

Compliance shall be verified by visual inspection.

56.3

If thg ventilatorAs intended to be connected to a medical gas supply system complying with IS
presqure regllator complying with ISO 5358, each high pressure gas inlet connector shall be either

NIST

entilator specified by the.manufacturer [see 6.8.2 a) (5)].

L) High pressure gas input port connectors

connector complying with ISO 5359 or a probe complying with ISO 9170.

D 5359, or a
he body of a

56.3 d) Connection to the medical gas supply system

If a user-detachable hose assembly is provided for connection between the ventilator and the medical gas
supply system, it shall comply with ISO 5359. If a hose assembly is permanently connected to the ventilator, the
connector to the medical gas supply system shall be a probe complying with ISO 9170.

NOTE — A permanent connection is a connection which can be separated only by the use of a tool.

56.3

e) Ventilator breathing system connectors

Ventilator breathing system connectors, if conical, shall be either 15 mm or 22 mm connectors complying with
ISO 5356-1.
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56.3 f) Gas exhaust part connector

If an exhaust port connector is provided, it shall be one of the following:

— a30

mm male conical connector complying with ISO 5356-1, or

— a permanent connection or proprietary connector incompatible with ISO 5356-1 or 5356-2.

56.3 g)

Emergency air intake port

© |SO

An emergency air intake port shall be provided and shall not accept any connector complying with ISO 56356-1 or
ISO 5356-2.

NOTE —
ventilator

56.3 h)

AT emergency ar mtakeportstoutd-be—tesigred—so—thattcarmoteasity beobstroctedwhermthe
s in use.

Patient connection port

The patignt connection port shall have a coaxial 15 mm/22 mm connector complying with ISQ 5356-1.

56.3 i) Manual ventilation port connector

If a many

or a mald cylindrical connector that will accept a breathing tube complying with SO 5367.

56.3 j) Hlow-direction-sensitive component connectors

Unless fl
either 194

conical ¢

56.3 k)

If an acc

connectd

closure.

56.31) 1

If a port

ISO 5354

After 56.11

22

56.12 R

56.12.1

bw-direction-sensitive breathing system components are_integral, their connectors, if conica
bnnectors complying with ISO 5356-1, if intended for neonatal use.

Accessory port

rs as described in I1SO 5356-1 or ISO 5386+2 and shall be provided with a means to insure

Vonitoring probe port

s provided for introduction efia‘solid sensor, it shall not be compatible with connectors as de
-1 or 5356-2, and shall be-previded with a means to secure the sensor in position.

hdd the following subclatses.

eservoir bags.and breathing tubes

Reservoif bags and breathing tubes intended for use in the ventilator breathing system, if

shall conpply with-1SO 5362 and I1SO 5367.

56.13 F

owAdirection-sensitive components

nergency

al ventilation port is provided, it shall be either a 22 mm conical connecter complying with SO 5356-1

|| shall be

mm or 22 mm conical connectors complying with ISOQ'6356-1 if intended for adult use, dr 15 mm

Bssory port is provided, e.g. for sampling of-gases or injection of fluids, it shall not be compatible with

fit-in and

scribed in

provided,

If any component of the ventilator breathing system is a flow-direction-sensitive component, it shall, if user-
detachable, be designed such that it cannot be fitted in such a way that it presents a hazard to the patient.

56.14 Inspiratory and expiratory resistances

The inspiratory and expiratory resistances measured at the patient connection port shall, during spontaneous
breathing and normal operation, not exceed 0,6 kPa (6 cmH,0) at flowrates of 60 I/min for adult use, 30 I/min for
paediatric use and 5 |/min for neonatal use.

Compliance shall be checked by measurement of the pressure at the patient connection port at the specified
flowrates.
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56.16.2 Leakage from the ventilator breathing system

Leakage from the ventilator breathing system shall not exceed 200 ml/min for adult circults, 100 mi/min for
paediatric, or 50 ml/min for neonatal circuits.

Compliance shall be determined by the following test.

Set up the breathing system for the intended application as recommended by the manufacturer. Seal all ports.
Connect the pressure-measuring device and introduce air into the breathing system until a pressure of 5 kPa for
adult circuits, or 4 kPa for paediatric circuits, or 2 kPa for neonatal circuits is reached. Adjust the flow of air to
stabilize the pressure and record the leakage flowrate.

10.4 NMlains parts, components and layout
The requirements given in clause 57 of IEC 601-1:1988 apply, with the following additions.
57.3 |Add the following to item a).

The npains supply cord of an electrically powered ventilator shall be a nondetaChable cord or, if detgdchable, shall
be pr¢tected against accidental disconnection from the ventilator.

Comglliance shall be checked by inspection and the test described in 57,4-0f IEC 601-1:1988 respect|vely.

During the test, the mains connector shall not become disconnectédfrom the application inlet.

10.5 Protective earthing — Terminals and connections

The requjrements given in clause 58 of IEC 601-1:1988.apply.

10.6 (Construction and layout

The requrements given in clause 59 of4EC 601-1:1988 apply.
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Annexes

Annexes A to L in IEC 601-1:1988, together with annexes M and N of this part of ISO 10651 apply.
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