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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
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mental, in_fiaison with 150, also take part in the work. 1SO 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, Part2.
hsk of technical committees is to prepare International Standards. Draft Interriational Stand
the technical committees are circulated to the member bodies for voting:-Publication as
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ee SC 3, Lung ventilators and related equipment.
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een technically revised.

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

Home care ventilators for ventilator-dependent patients
Particular requirements for emergency and transport ventilators
Particular requirements forlopéerator-powered resuscitators
Gas-powered emergency resuscitators

Home-care ventilatory support devices

50O 10651-1;1993, Lung ventilators for medical use — Part 1: Requirements, was withdrawn in 2001 and
as |IEC 60601-2-12:2001, Medical electrical equipment — Part 2-12: Particular requirements for the safe
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roduction

For victims whose lives are at risk from respiratory failure, in particular during cardiac arrest, resuscitation
councils and associations teach that the best ultimate outcome will be achieved if there is a continuous chain
of care starting with earliest possible bystander cardiopulmonary resuscitation and continuing until the
victim can be put under professional medical care. In order to improve the care possible at the early stages of
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re people congregate or where there are increased risks, so that they can be available to prov
| of care with a minimum of delay.
re is a growing realization that the effectiveness of such intervention can be greatly-enhanced
ertain basic equipment, such as that which provides ventilation whilst avoiding/mouth-to-mo
ple, gas-powered emergency resuscitators can deliver controlled ventilation-for this purpg
iment specifies the criteria they are required to satisfy.
is part of ISO 10651, the following symbols and notations are used:
requirements, compliance with which can be tested, and definitions: roman type;
notes, explanations, advice, introductions, general statements and references: smaller roman ty
test specifications: italic type;

terms defined in ISO 4135:2001, IEC 60601-1:1988 or in this part of ISO 10651: bold type.

pughout this part of ISO 10651, text for which a rationale is provided in Annex A is indig
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INTERNATIONAL STANDARD ISO 10651-5:2006(E)

Lung ventilators for medical use — Particular requirements for
basic safety and essential performance —

Part 5:
Gas-powered emergency resuscitators

1 |* Scope
Thig part of ISO 10651 specifies the basic safety and essential performance.requirements for ggs-powered
emergency resuscitators (3.10) intended for use with humans by first responders. This equipment is
intehded for emergency field use and is intended to be continuously operator attended in normal use.

Thig part of ISO 10651 also specifies the requirements for resuscitator sets (3.22).

Thig part of ISO 10651 is not applicable to electrically-powered.resuscitators.

NOTE ISO 10651-3 covers emergency and transport ventilators.

2 [Normative references
The| following referenced documents are (indispensable for the application of this document| For dated
references, only the edition cited appli€s: For undated references, the latest edition of the|referenced
docpment (including any amendments)) applies.

ISO|31 (all parts), Quantities and uhits

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

ISO|1000, S/ units and_recommendations for the use of their multiples and of certain other units
ISO[4135:2001, Anaesthetic and respiratory equipment — Vocabulary

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

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

beaking-connectors
arT TS TI1 7T T T

ISO 5359, Low-pressure hose assemblies for use with medical gases
ISO 5367, Breathing tubes intended for use with anaesthetic apparatus and ventilators

ISO 9170-1, Terminal units for medical gas pipeline systems — Part 1: Terminal units for use with
compressed medical gases and vacuum

ISO 10297, Gas cylinders — Refillable gas cylinder valves — Specification and type testing

ISO 10524-1, Pressure regulators for use with medical gases — Part 1: Pressure regulators and pressure
regulators with flow-metering devices

© I1SO 2006 — All rights reserved 1
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ISO 10524-3, Pressure requlators for use with medical gases — Part 3: Pressure regulators integrated with
cylinder valves

ISO 11607,

Packaging for terminally sterilized medical devices

ISO 14971, Medical devices — Application of risk management to medical devices and Amendment 1:2003

ISO 15223:2000, Medical devices — Symbols to be used with medical device labels, labelling and information

to be suppli

ed and Amendment 1:2002 and Amendment 2:2004

ISO 17664, Sterilization of medical devices — Information to be provided by the manufacturer for the

processing

ISO 23328-
assess filtrg

ISO 23328
aspects

IEC 60529:

IEC 60601
Amendmen

of resterilizable medical devices

1:2003, Breathing system filters for anaesthetic and respiratory use — Part 1: Salt testymétho
tion performance

P:2002, Breathing system filters for anaesthetic and respiratory use — Ralt’2: Non-filtrs

001, Degrees of protection provided by enclosures (IP code)

1:1988, Medical electrical equipment — Part1:

t 1:1991 and Amendment 2:1995

General, requirements for safety

3 Terms and definitions

For the pur
the followin
Annex E.

3.1
accompan
documents

boses of this document, the terms and definitions, given in ISO 4135:2001, IEC 60601-1:1988
g apply. For convenience, the sources of all defined terms used in this document are givel

y/ing documents
accompanying resuscitator or resuscitator sets and containing all important information for

user, operator, installer or assembler of the resuscitator, particularly regarding safety

NOTE A
3.2
automatic
resuscitatd
pressure de

3.3
automatic
resuscitatg

dapted from IEC 60601-1:1988;/definition 2.1.4.

bressure-cycledresuscitator
r in which the ¢ygling from the inspiratory phase to the expiratory phase occurs after attaini
termined by the-control setting

ime-cycled resuscitator
rAin“which the cycling between the inspiratory phase and expiratory phase is contrg

d to

tion

and

and
n in

the

Ng a

lled

automatical

\ at time intervals determined hy the control cnﬂing

3.4

automatic volume-cycled resuscitator
resuscitator in which the cycling from the inspiratory phase to the expiratory phase occurs after the
delivery of a delivered volume determined by the control setting

3.5

cardiopulmonary resuscitation
combination of rescue breathing and chest compressions delivered to victims thought to be in cardiac arrest

[AHA Guidelines for Cardiopulmonary Resuscitation and Emergency Care]

© I1SO 2006 — All rights reserved
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clearly legible
capable of being read by the operator or other relevant person with normal vision

NOTE See also 8.2.1.

3.7

* delivered volume

Vel

volume of gas delivered through the patient connection port during an inspiratory phase

3.8
de

part
at th

3.9
firs
indi

EXA

and valve
of the resuscitator that delivers a flow of gas related to a reduction of pressure generated by
e patient connection port

responder
idual who has been trained to provide primary response to a respiratory emergency

MPLE 1 Fire fighter.

EXAMPLE 2 Emergency medical technician.

3.1(

res
por
the
3.11

ina
unir

3.12

scitator
ble equipment, powered by compressed gas, intehded for immediate use to provide lung V
resuscitation of individuals who have sudden breathing difficulties

galpowered emergency resuscitator

maﬂvertent positive end-expiratory pressure

vertent PEEP
tended positive pressure at the patient connection port at the end of the expiratory phase

intermediate hose

hos

3.13

e that conducts gas betwéen parts of the resuscitator

res
acti

NOT
as &
tern

mamually-cycled resuscitator

the patient

entilation in

scitator in which the inspiratory phase and expiratory phase are controlled by a repegted manual

bn of the operator

E A-demand valve that can be overridden with a manual trigger is, for the purposes of this docume
'manually-cycled resuscitator incorporating a demand valve' and not as a 'demand valve' as they a
ed in some countries.

nt, classified
fe commonly

3.14

min
v

ute volume

volume of gas per minute entering or leaving the patient’s lungs

3.15
operator
person handling the resuscitator

NOTE Adapted from IEC 60601-1:1988, definition 2.12.17.

© I1SO 2006 — All rights reserved
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3.16

patient-triggered resuscitator
resuscitator in which the cycling from the expiratory phase to the inspiratory phase is triggered by an

inspiratory

3.17

effort of the patient

patient-triggering
mode of operation in which a reduction of pressure generated by the patient at the patient connection port
initiates the set inspiratory phase

3.18

patient valye
valve in the| resuscitator breathing system that directs gas into the lungs during the inspiratory phase
from the lurjgs into the atmosphere during the expiratory phase

3.19
pressure-l

imiting device

means for limiting the maximum pressure within the resuscitator breathing system

3.20

resuscitatgr breathing system

and

breathing system bounded by the low-pressure gas input port(s), the gascintake port(s) and the patient

connectior

3.21

resuscitatgr dead space

port, together with the fresh gas intake port and exhaust port(s), if these are provided

volume of greviously exhaled gas within the resuscitator breathing system that is delivered to the patient in

the succeeding inspiratory phase

3.22

resuscitatqr set

pack of all

{he necessary components that enable the resuscitator to be carried to the site of a resuscitd

emergency(and that enable the resuscitator to be'made ready for immediate use

3.23
safety haz
potentially
NOTE

3.24

ator

Adapted from IEC 60601-1:1988, definition 2.12.18.

single faulf condition
condition infwhich a §ingle means for protection against a safety hazard in the resuscitator is defective

single exte

NOTE

ral abnigrmal condition is present

Adapted from IEC 60601-1:1988, definition 2.10.11.

rd
ietrimental effect on the patient, other persons, animals, or the surroundings, arising directly from
the resusc

tion

or a

4 General requirements

41 Gen

eral

The resuscitator shall, when transported, stored, installed, operated in normal use, and maintained
according to the accompanying documents, cause no safety hazard that could reasonably be foreseen and
that is not connected with its intended application, in normal condition and in single fault condition.

A risk management process complying with ISO 14971 shall be performed.

© I1SO 2006 — All rights reserved
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In applying ISO 14971:

a)

b)

c)

the term “medical device” shall assume the same meaning as resuscitator;

the term “fault conditions” referred to in ISO 14971 shall include, but shall not be limited to, single fault

conditions identified in this part of ISO 10651;

where this part of ISO 10651 specifies measurable requirements addressing particular risks

, and these

requirements are complied with, the residual risks of these requirements shall be presumed to be

acceptable unless there is objective evidence to the contrary.

Thi

resyuscitators, and is intended to serve as a tool during the risk management proces
management process identifies not only those safety hazards addressed by this part of ISO106

all

Con

In tihese cases, it will often be necessary to carry out a risk management process to determi

actd
not

It is
ISO
of n

for additional risk control measures.

Wh
acc
una

Che

reqliirements of this part of ISO 10651 referring to inspection of the risk management file are cq

be 3

4.2

The]
equ
be U

part of ISO 10651 specifies requirements that are generally applicable to risks ass

afety hazards, their associated risks and risk control measures.
ditions or faults that can give rise to safety hazards are identified in the clauses.of this part of

al safety hazards are and the tests that need to be done to show that the identified safety
Brise in the specified circumstance.

recognized that the manufacturer might not be able to follow all the processes identified in

10651 for each constituent component of the resuscitator, such’as proprietary components,
bn-medical origin, and legacy parts. In this case, the manufaeturer should take special account

pre requirements of this part of ISO 10651 refer to freedom from unacceptable risk, the man
brdance with the manufacturer’s policy for determining acceptable risk, determines the acc
Cceptability of this risk.

ck compliance by inspection of the risk_management file. The requirements of this cla
atisfied if the manufacturer has

established a risk management process,

established acceptable levels of risk, and

demonstrated that the’ residual risk is acceptable (in accordance with the policy for
acceptable risk).

Other testimethods

manufactUurer may use type tests different from those detailed within this part of ISO 1
valent’degree of safety is obtained. However, in the event of dispute, the methods specified
s€d as the reference methods.

4

ciated with
The risk
51, but also

ISO 10651.
ne what the
hazards do

this part of
subsystems
of the need

facturer, in
eptability or

ise and all
nsidered to

determining

0651 if an
herein shall

4.3

Acceptance criteria

Many of the test clauses within this part of ISO 10651 establish acceptance criteria for performance aspects.

The

se acceptance criteria shall always be met.

When the manufacturer chooses to specify in the accompanying documents higher performance levels than
those specified within this part of 1ISO 10651, these manufacturer-specified levels become the acceptance
levels and shall also be met.

© I1SO 2006 — All rights reserved
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5 Constructional requirements

5.1 General

5.1.1 Materials of construction

All gas conducting parts shall be constructed from materials selected to take into account the chemical and
physical properties of any substances that the accompanying documents indicate:

— can be administered through the resuscitator, and

— can be|used to clean and disinfect or sterilize the resuscitator.

Check compliance by inspection of the risk management file.

5.1.2 Surfaces, corners and edges

Rough surfaces, sharp corners, open ends of tubular components and edges that can cause injury or damage
shall be avgided or covered. Particular attention shall be paid to the removal of burrs(

Check compliance by inspection.

5.1.3 Leaghing of substances

[e]

The resusgitator and parts thereof shall be designed and manufactured to minimize health risks du
substances|leached from the resuscitator or its components during use. Particular attention shall be pa
the toxicity [of materials and their compatibility with substancescand gases with which they enter into cor
during normal use.

O D
— —+
o

—

act

Check compliance by inspection of the risk management file.

5.1.4 Bre[thing tubes

Breathing tlibes with an internal diameter of mere than 18 mm, intended for use in the resuscitator breathing
system, shpll comply with ISO 5367.

Check compliance by application of the requirements of ISO 5367.

5.1.5 Supply of sterile components

If a claim ig made in the dabelling that a product is sterile, it shall have been sterilized using an appropriate,
validated method, as desgribed in ISO 11134, 1ISO 11135, ISO 11137, ISO 11138, or ISO 14937.

The packaging forsresuscitators or parts supplied sterile shall meet the requirements of ISO 11607. Such
packaging ghalknot'be capable of re-closure without clearly revealing that it has been opened.

Non-sterile
use at their intended level of cleanliness and shall be designed to minimize the risk of microbial contamination.

Check compliance by a review of the accompanying documents for methods of sterilization and disinfection
and by inspection of the relevant validation reports.

5.1.6 * Breathing system filter

Any breathing system filter, either incorporated into the resuscitator or indicated in the accompanying
documents for use with the resuscitator, shall comply with the applicable parts of 1ISO 23328-1 and
ISO 23328-2.

Check compliance by application of the requirements of ISO 23328-1 and ISO 23328-2.

6 © I1SO 2006 — All rights reserved
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5.1.7 Arrangement of functions

Any single fault condition shall not cause any monitoring or alarm system function, as specified in this part
of ISO 10651, and the corresponding ventilation control function to fail in such a way that the monitoring or
alarm system function becomes simultaneously ineffective, and thus fails to detect the loss of the monitored
resuscitator function.

Check compliance by simulation of a single fault condition and visual inspection.

5.1.8 Protection against accidental adjustments

Meadns of protection against accidental alteration of control settings, including the “on-off” swit¢h, shall be
proyided. Mechanical techniques such as locks, shielding, friction-loading and detents may be‘used.

Chdck compliance by visual inspection following the instructions for use.

5.1.p Selector switches/controls

For|controls that are not continuously variable, means shall be provided—that prevent the selector from
remiining in an intermediate position.

EXAMPLE 1 An “on-off” switch.
EXAMPLE 2 An oxygen concentration selector.
EXAMPLE 3 A selector for preset, discrete values of delivered.volume or frequency.

Chdgck compliance by inspection.

5.1.10 Accuracy of operating data

While the resuscitator is in normal use, it shall deliver ventilation accuracy as indicated in the insfructions for
use| See also 8.3.2.2.

Verlfy compliance, by means of the appropriate test methods described in this part of ISO 10651.
5.1.11 * Resuscitator set

Thel| resuscitator shall be supplied with or the accompanying documents shall recommend a rgsuscitator
set,| including a medical”gas supply system that complies with the relevant requirements of this part of

ISO[10651.

Chdck compliance by inspection.

5.2| Conhectors

5.2.1 Connection to the medical gas supply system

If a detachable hose assembly is provided for connection between the resuscitator and the medical gas
supply system, it shall comply with ISO 5359. If a hose assembly is permanently connected to the
resuscitator, the connection to the medical gas supply system shall be by means of:

— either a probe complying with ISO 9170-1, or

— a permanent connector.

NOTE A permanent connector is one that can be separated only by use of a tool.

Check compliance by inspection.

© I1SO 2006 — All rights reserved 7
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nection to the high-pressure gas input port

The connection of the hose to the high-pressure gas input port of the resuscitator shall be by means of:

Check com

pliance by inspection

a non-interchangeable, screw-threaded connector complying with ISO 5359,
a probe complying with ISO 9170-1, or

a permanent connector.

5.2.3 Pati

The patient connection port connector of the resuscitator shall be a coaxial 15 mm /22 mm conng

complying

Check com

5.2.4 Facemask connector

Facemasks
correspond

Check com

5.2.5
If a gas exHh

a30m

a prop
conned

Check com
ISO 9170-1

5.2.6 Resuscitator inspiratory limb connectors

Connectors|
ISO 5356-2

Non-conica
unless they

lent connection port connector

* Gps exhaust port connector

vith 1ISO 5356-1.

bliance by application of the requirements of ISO 5356-1.

shall have either a 22 mm female connector or a 15 mm male<onnector that shall mate with
ng connectors specified in ISO 5356-1.

bliance by application of the requirements of ISO 5356-1.

aust port connector is provided, it shall be:
 male conical connector complying with ISO 5356-1; or

fietary connector incompatible with 1SO 5356-1 and ISO 9170-1 having a means to prevent

bliance by inspection and ‘by application of the requirements of ISO 5356-1 or ISO 5356-2

in the inspifatory limb of the resuscitator, if conical, shall comply with ISO 5356-1

connectors shall not engage with conical connectors complying with 1SO 5356-1 or ISO 53
comply with the engagement, disengagement and leakage requirements of 1SO 5356-

tion of any breathing attachment’'conforming to ISO 5356-1 or ISO 5356-2 to the internal lumer).

ctor

the

the

and

and

b6-2
or

ISO 5356-2

Check compliance by inspection.

5.2.7 Emergency air intake port

An emergency air intake port shall:

be provided,

comply with the requirements of 7.1.2.2 and 7.1.2.3, and

© I1SO 2006 — All rights reserved
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6

6.1
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not accept any connector complying with ISO 5356-1 or ISO 5356-2.

ck compliance by inspection.

Operational requirements

General

6.1.1 * Patient valve function after contamination with vomitus

When the resuscitator is tested in accordance with the test described in B.3.1, the time.fontT
restpration to normal function shall not exceed 20 s. It shall then meet the requirements spécified
The valve housing should be constructed so that operation of the mechanism can<{be obser

op

NOT

opefation.

Che

6.1.
All g
by €
cap

Part
acc

Che
6.1.

6.1.

A resuscitator intended to'be dismantled by the operator (e.g. for cleaning) shall be designed

the

Che

6.1.

The

rator, e.g. through a transparent housing.

E Observation of the functioning mechanism of the patient valve can assist the\operator in detec]

ck compliance by the methods described to B.3.1 and Clause 7.

P Cleaning, and sterilization or disinfection
arts and accessories indicated for reuse in the accompanying documents, which can be cg
xhaled patient gas during normal use and during the single fault condition simulated in B.3
Bble of being cleaned, and sterilized or disinfected.

s and accessories labelled as capable of being sterilized shall be accompanied with
prding to ISO 17664.

ck compliance by inspection.
B * Functional test after reassenibly

3.1 Reassembly

risk of incorrect reassembly when using only items supplied with the resuscitator set.

ck compliance,by inspection.

3.2 Functional test

accompanying documents shall indicate a functional test procedure that can be carried

operator after reassembly, using only items supplied with the resuscitator set, which demonstrs

eaning and
n Clause 7.
ved by the

ng abnormal

ntaminated
10, shall be

information

to minimize

out by the
tes that the

resuscitator has been properly reassembled.

Check compliance by the method described in B.3.2.

6.1.4 Flow-direction-sensitive component connectors

Any operator-detachable, flow-direction-sensitive component shall be so designed that it cannot be fitted
in such a way as to present a safety hazard to the patient.

Check compliance by inspection.
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6.2 Resistance to environmental influences

6.21 * St

6.2.1.1

orage and operating conditions

Storage

The resuscitator and the resuscitator set shall, after storage at a temperature between —40 °C and +60 °C
and at any relative humidity between 40 % and 95 %, comply with the requirements of 5.1.10, 7.2.2, 7.2.4 and

7.2.6.

Check com

6.2.1.2

The resus
7.2.6 throu

throug

if an e

accompanying documents.

Check com

6.3 Resistance to typical use

6.3.1 Med

*|

6.3.1.1

The resusg
test for the

Check com

perating conditions

itator and the resuscitator set shall comply with the requirements of 5.1.10, 7.2.2, 7.2.4
hout the range of relative humidity from 5 % to 95 % either:

out the temperature range from —18 °C to +50 °C, or

tended operating range is given [see 8.3.2.4 i)], throughout the temperature range indicated in

bliance by the method described in B.3.3.

hanical shock

Drop test

itator shall continue to function within-the tolerances indicated for normal use following the
Fesuscitator set and the drop test/forthe removable parts, as described in B.3.4.

bliance by the method described-in B.3.4.

6.3.2 Sp
The resus
During and
conditions

tolerances i

Check com

I(I
itator shall be splashproof, classified as IPX4 in IEC 60529.

sh proof

after the test-specified in IEC 60529, the resuscitator, under the least favourable wor|
but in aceordance with the accompanying documents, shall continue to function within
hdicatedfof normal use and shall not cause a safety hazard.

bliance by inspection and by application of the requirements of IEC 60529.

6.3.3

* Immersion in water

and

the

drop

king

the

After immersion in water by the method described in B.3.5, the resuscitator shall continue to function within
the tolerances indicated for normal use.

Check compliance by the method described in B.3.5.

10
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Size and mass

1 * Size

-5:2006(E)

The resuscitator set provided or recommended in the accompanying documents shall pass through a

300

mm by 600 mm rectangular opening.

Check compliance by inspection.

6.4.2 * Mass

Thel mass of the resuscitator set with all recommended contents (including any full gas cylindefs) shall not

exceed 5 kg.

Thel| part of the resuscitator incorporating the patient connection port shall weigh less.than 0,3 kgg.

Chdgck compliance by inspection.

6.5| Gas supply

6.5. Gas cylinders and cylinder valve

The| identification of the contents of the gas cylinder supplied Yor recommended in the accpmpanying

docduments shall be in accordance with ISO 32.

Thel gas cylinder valve fitted to the gas cylinder supplied-6r recommended in the accompanying gocuments

sha|l meet the requirements given in ISO 10297. Smalhcylinders with special fittings may sometimes used in

spetial situations.

Chdck compliance by inspection.

6.5.2 Captive cylinder valve key

If dgtachable, the hand wheel, key'er other part for opening the cylinder valve shall be made captive by means

of gl retaining chain or similar attachment capable of withstanding a static load of not less than 240 N (20 kg)

without breaking.

Chdck compliance by inspection.

6.5.3 Cylinder regulator

The| pressure jregulator supplied or recommended in the accompanying documents, as part of the
50 10524-1

orl

rechitator set medical gas supply system (see 5.1.11), shall meet the requirements given in |

010524-3 as appropriate to the type of cylinder supplied or recommended.

Check compliance by inspection.

6.5.4 External supply

If the resuscitator is provided with a probe (see 5.2.1) for connection by the operator to a medical gas supply
system (e.g. a pressure regulator complying with the ISO 10524 series, or a terminal outlet in an ambulance),
it shall operate and meet the requirements of this part of ISO 10651 for a pneumatic power supply throughout
the range of 280 kPa to 600 kPa and shall cause no safety hazard under the single fault condition of the
medical gas supply of up to 1 000 kPa inlet pressure.

Check compliance by functional testing.

© I1SO 2006 — All rights reserved
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6.5.5 Permanently connected resuscitator

If the resuscitator is not supplied with a probe for connection by the operator to a medical gas supply system,
it shall operate and meet the requirements of this part of ISO 10651 throughout the rated range of gas
cylinder contents indicated in the accompanying documents and shall cause no safety hazard under the

single fault condition of the cylinder pressure regulator supplying up to 1 000 kPa inlet pressure.

Check compliance by functional testing.

6.5.6 * Intermediate hose

Any intermlediate hose between parts of the resuscitator that can be operator connected shall not bé-fltted
with connegtors that are interchangeable with the connectors on hoses conforming to ISO 5359 and-shall not
allow parts pf the resuscitator to be incorrectly connected.

Check compliance by inspection.

6.5.7 Gag container capacity

Any resusgitator set supplied or recommended in the accompanying documents shall have provision to
accommodate one or more gas cylinders that provide the gas source in thetmedical gas supply system.
Resuscitatpr sets shall contain sufficient gas to enable the resuscitator’to-deliver to the patient at Ipast
100 | of gag with an O, concentration > 85 % volume fraction, when tested as'described in B.3.6.

Check compliance by the method described in B.3.6.

7 Performance

7.1 Ventjlatory requirements

711 * Ilivered oxygen concentration

The resusditator shall deliver an oxygen ¢oncentration of at least 85 % volume fraction.

Check compliance by the method deScribed in B.3.7.

7.1.2 * Resistance to spontaneous breathing

71.21  General

Attachable pccessories or selectable functions that are provided for temporary use for specific purposes] but
which incrdase, the inspiratory and expiratory resistance when in use, are not used during the testy for
compliance|to-the'following requirements if they are indicated in the accompanying documents in a warhing
as required|by-8.3.2.3 d)

Check compliance by inspection.

71.2.2

Inspiratory resistance during the resuscitator expiratory phase

During the expiratory phase, the pressure at the patient connection port shall not exceed 6 hPa
(6 cm H,0) below atmospheric pressure at an inspiratory airflow of 60 I/min for resuscitators intended for
patients with a body mass greater than 10 kg and of 6 I/min for resuscitators intended for patients with a
body mass up to 10 kg.

Check compliance by the method described in B.3.8.1.
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7.1.2.3 Spontaneous breathing with the gas input pressure outside the rated range

When operating with the gas input pressure outside the rated range and during the inspiratory phase, either
the resuscitator shall generate a delivered volume and inspiratory time within + 25 % of that achieved
during normal use, or the resuscitator shall be designed to allow spontaneous breathing.

Under these spontaneous breathing conditions, the pressures below and above atmospheric pressure at the
patient connection port shall not exceed 6 hPa (6 cm H,0), at airflows of 30 I/min for resuscitators
intended for patients with a body mass greater than 10 kg and of 3 I/min for resuscitators intended for
patients with a body mass up to 10 kg.

EXAMPLE 1 The inlet pressure falls below the minimum rated operating pressure of the resuscitator, e.g. as the
content of the cylinder becomes depleted.

EXAMPLE 2 The inlet pressure exceeds the maximum rated operating pressure of the resusg¢itator, €.g. when the
regylator fails.

Chdck compliance by the method described in B.3.8.2.

7.1..4 Expiratory resistance
In the absence of a removable positive end-expiratory pressure (PEEP)valve or with an integral positive end-
expl|ratory pressure function set to its minimum value, the pressure_at the patient connection point during the
expjratory phase shall not exceed 6 hPa (6 cm H,0) above atmospheric pressure at an expiratory airflow of
60 I/min for resuscitators intended for patients with a body ‘mass greater than 10 kg and of 6 I/min for
resyiscitators intended for patients with a body mass up to,10'kg. (See also 8.3.2.2 h.)

Chdck compliance by the method described in B.3.8.3.

7.1.8p * Inadvertent PEEP
Thejpositive expiratory pressure at the end of the expiratory phase shall not exceed 2 hPa (2 cm H,0).
Chdgck compliance by the method described in B.3.9.

7.1.4 * Inadvertent continuing-expiratory pressure

Means shall be provided—to. prevent the build-up of continuing positive pressure from excedgding 2 hPa
(2 ¢m HY0).

Chdck complianceby)the method described in B.3.10.

7.1.p * Resuscitator dead space and dead space of airway accessories

Thel resuscitator dead space shall not exceed 5,5 % of the minimum delivered volumge from the
resyiscitator. r

The dead space of any combination of accessories recommended for attachment to the resuscitator (e.qg.
mask, filter, artificial airway), together with the resuscitator dead space, shall not exceed 100 ml for
resuscitators delivering more than 300 ml. For resuscitators delivering 300 ml or less, this dead space shall
not exceed 30 % of the minimum delivered volume, as indicated in the instructions for use.

Check compliance by physical measurement or by measurement with water.
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72 * Ve

7.21

ntilation performance

General

All tests in this part of ISO 10651 shall be performed when only one operator uses the resuscitator.

Resuscitators shall meet the requirements of 7.2 according to their classification as one or more of the

following.

7211

Manually-cycled resuscitator

A manually-cycled resuscitator shall meet the requirements specified in 7.2.2 to 7.2.8.

7.21.2

utomatic pressure-cycled resuscitator

An automatic pressure-cycled resuscitator shall meet the requirements specified in 7.2.2107.2.7.

7213 A

An automa
in7.22to 71

7214 K

\utomatic time-cycled or volume-cycled resuscitator

kic time-cycled or automatic volume-cycled resuscitator shall meet-the requirements spec
2.7.

Resuscitator with patient-triggering

A resuscitator with patient-triggering shall meet the requirements specified in 7.2.10 in addition to

requiremen

7.21.5 K

A resuscit
addition to

7.2.2

The resusd
Table 1, us
inspiratory
operator-a
range (as in
examples li

Check com

14

s for the associated automatic resuscitator function:

Resuscitator with demand valve

tor with a demand valve, as an integral-part, shall meet the requirements specified in 7.2
he requirements for the associated resuscitator function.

* Delivered volume (V)

itator shall deliver the delivered volume specified for its body mass designation, as show
ing the given values for-eompliance and resistance and, where independently adjustable,
expiratory time ratio_and frequency. The delivered volume range of any resuscitator

dicated in the accompanying documents), in the same manner as the specific designation ra
sted.

bliance bythe method described in B.3.11.

fied

the

9 in

n in
the
with

Jjustable delivered\velume shall encompass the values specified for the limits of their body mass

nge
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Table 1 — Delivered volume requirements and test conditions

Parameter Test conditions
Compliance (I/hPa) 0,001 0,01 0,02
Resistance [hPa/(I/s)] 200 20 20
Inspiration/expiration time ratio @+ 20 % 1:1 1:2 1:2
Frequency @ (breaths/min) 60+6 20+2 12 +1

Typical descriptive Designated body mass or

Delivered volume requirement

designation range for the given test conditions
(if used) ml

Adylt with preset volume m P > 40 kg — — Myl = 600

Adylt with adjustable volume Mmax = 40 kg — Vel <7 X migin Nyel > 600
Mpmin ©

AdJIt/ child Mmax = 40 kg — Viar 7 X Mmay Ngel > 600
Mpmin ©

Negnatal/child Mmax Vel < 20 Vel >15 X mimin —

mmin © < 5 kg
Negnatal m < 5kg Kiev< 20 — —

masgs. See also 8.3.2.2 a).

b m= body mass, expressed in kilograms, as indicated in the instructions for use.

@ | This setting is only applicable to resuscitators that allow this parameter{o be set independently of delivered volume.

¢ |Where a body mass range is indicated in the instructions for use}sitmin is the minimum body mass and i,y is the maximum body

7.23 * Consistency of delivered volume

If the resuscitator is intended for usé with patients of body mass m > 40 kg, then, when the resuscitator is
set to deliver > 85 % volume fraction of O, for each cycle and the compliance and resistance are changed as
spegified in B.3.12 (with no charige'to the resuscitator settings or rate of manual triggering if the delivered
voliime is not controlled autematically), the delivered volume to a test lung shall not deviate by more than

+ 180 ml.

Chdck compliance by -the-method described in B.3.12.

7.2.4 Pressurelimitation under normal use

The) pressure-at the patient connection port shall not exceed 60 hPa (60 cm H,0) during normal use. A
setting _for’the pressure-limiting device higher than 60 hPa may be made available for certain patients,

althpygh the selection of such a setting requires medical advice.

Check compliance by the method described in B.3.13.

7.2.5 Pressure limitations under single fault condition

The maximum achievable pressure at the patient connection port under single fault condition shall not

exceed 80 hPa (80 cm H,0).

Check compliance by the method described in B.3.13, while simulating relevant single fault conditions.

© I1SO 2006 — All rights reserved
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726 *P

ressure-limitation activation alarm signal

A means to detect operation of the pressure-limiting device required in 7.2.4 (7.2.5 for pressure-triggered
resuscitators) shall be provided. It shall activate an auditory signal to indicate loss of delivered volume due
to the action of the pressure-limiting device, or when the set inspiratory pressure limitation level is reached.

It shall not be possible to set the inspiratory pressure alarm limit above the maximum pressure permitted by

the means

NOTE

Check compliance by occlusion of the patient connection port and controlled ventilation of the test lun

described i

7.2.7

A resuscitator with a preset flow, intended for use with patients with greater than 40 kg-body mass (3

use), when

flow to atmosphere and against a back-pressure of 20 hPa (20 cm H,0). Such resuscitators

operator-a

Check com

7.2.8 Opdration of manual trigger on a manually-cycled resuscitator

If a means
adult rescu

head-tilt, ch

Check com

7.2.9 Demand valve

7.29.1

The requirg
resuscitatg

7.29.2

The pressu
numerically]

Check com

7.29.3

* In

q

1

Peakinspiratory flow

of pressure limitation referred to in 7.2.4 (7.2.5 for pressure-triggered resuscitators).

Transient patient-generated pressures (e.g. a cough) might not activate the signal.

B.3.13.

ispiratory flow

set to deliver > 85 % O,, shall deliver inspiratory flows between 25 I/min and 40 |/min, both on
Hjustable flows shall have a range of adjustment that overlaps this range-

bliance by the method described in B.3.14.

s provided on the resuscitator for manual-cycling, it shall be possible for the operator (a no
br) to operate the function with one finger whilst maintaining a mask seal using the two han
in-lift method recommended by international resuscitation guidelines [151[16],

bliance by the method described in B.3.15.

5eneral

ments in 7.2.9.2 to 7.2.9.4_apply only to a demand valve included as an integral part of]
r, if provided.

hreshold pressure for initiation of flow

'e at the patient connection port needed to initiate gas flow from the demand valve shall ng
greater than'2 hPa (2 cm H,0) below atmospheric pressure.

bliance by functional test using the method described in B.3.16.

h as

dult
free
with

mal
ded

the

t be

The minimum peak inspiratory flow shall be 100 I/min for at least 2's, with a pressure at the patient
connection port not numerically greater than 8 hPa (8 cm H,0) below atmospheric pressure. This flow shall

be attained

within 250 ms.

Check compliance by functional test using the method described in B.3.16.

16
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7.29.4 Termination pressure

Demand flow shall have terminated either when the pressure at the patient connection port equals
atmospheric pressure or at the positive pressure stated in the accompanying documents. See also
8.3.2.2 q).

Check compliance by functional test using the method described in B.3.16.

7.2.10 * Patient-triggered resuscitator

If th capable of
being patient-triggered, then the trigger shall operate within 250 ms when the pressure_at\the patient
connection port is reduced to not numerically greater than 2,5hPa (2,5 cm H,O) below atmospheric
pregsure.

Chdck compliance by the method described in B.3.17.

8 |ldentification, marking and documents
8.1 General

8.1.1 Conditions

All parameters shall be expressed under ATPD (atmospheric temperature and pressure, dry) conditions.

8.1.2 Units of measure
Numeric indications of parameters on resuscitators shall be expressed in Sl units in accordance with

ISO[31 (all parts) except the quantities listed:in Table 2, which are not Sl units but may be exprassed in the
indicated units.

Table 2 — Non-8I units of pressure that may be used on resuscitators

Name Symbol
Millimetres of mercury mm Hg
Centimetres of water cm H,O

Bar bar

Millibar mbar

For[coensistency in international documents, only the symbol
given in 1ISO 1000.

is used for litre, although the symbgl “L” is also

For application of Sl units, their multiples and certain other units, ISO 1000 is applicable.

Check compliance by inspection.
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8.2 Marking

8.2.1 * Legibility of markings

All markings and visual indicators relating to the application, function and operation of the resuscitator set
shall be clearly legible when viewed from the intended position of the operator for the related function being

performed.

Check compliance by the following test.

Position the resuscitator set or jts parts so that the viewpoint is the intended position of the operator; or the

viewpoint ig at any point within the base of a cone subtended by an angle of 30° to the axis normaltq the
centre of the plane of the marking and at a distance of 0,8 m. The ambient illuminance is the least favourable
level in the|range of 100 Ix to 1 500 Ix. The observer has a visual acuity of 0 on the log minimim;-angle of
resolution (log MAR) scale or 6/6 (20/20), corrected if necessary.

The observer correctly reads the marking from the viewpoint.

8.2.2 * Durability of markings
The markings required by this clause shall be removable only with a tool andsufficiently durable to remain
clearly leggble during the maximum expected product service life as defined by the manufacturer of| the
resuscitatgr. In considering the durability of the markings, the effect of,‘normal use shall be taken |into
account.
Check compliance by inspection and the following tests.

a) Markings shall be clearly legible after all the tests of ‘this part of ISO 10651 have been performed.
Adhesipe labels shall not have worked loose or become-curled at the edges.

b) For m3rkings required by this subclause, an additional test for durability is to be performed. Markingd are
rubbed by hand, without undue pressure, first.for15 s with a cloth rag soaked with distilled water, thep for

156 s with a cloth rag soaked with methylated spirit and then for 15 s with a cloth rag soaked |with
isopropanol.

8.2.3 Identification

Resuscitatprs and their detachable components and accessories shall be marked with:
— the narne or trade-mark of-the manufacturer or authorized representative, if applicable,
— amodel or type referénce,

— a serig (or Symbol 3.16 from ISO 15223:2000) or lot or batch (or Symbol 3.14 from ISO 15223:2(000)
identifyfing number, and

4 £ 4 oQ.000N 1 4
I I I I

£ £ - /L F=y T - NP - oo 400 kN 1 b /L o 1 40
— the yedl Ul TTaruracture (U oyImibun o. To 1TTUMNT ToVU TU220.2UUU ) Ul UST DYy UdLlEc (Ul OYyITTDUI O. T4 rom

ISO 15223:2000).

Check compliance by inspection.

8.2.4 Controls and indicators

All controls and indicators on the resuscitator shall be clearly identified. Figures, letters or other visual means
shall indicate different positions of controls or switches. Controls that increase or decrease a function shall be
marked with an indication to inform the operator which action is required to increase or decrease the
controlled function.

Check compliance by inspection.
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8.2.5 Indication of pressure-limiting device setting

If the resuscitator is supplied with a pressure-limiting device set at one fixed pressure, the nominal
pressure setting at which the system activates shall be clearly marked on the resuscitator.

Check compliance by inspection.

8.2.6 Indication of use of function affecting performance
Any ancillary function selection made available to the operator in order to protect or provide treatment for the
patient in specific emergencies_but which affects the normal performance of the resuscitator (e.g. an
antitinhalation valve for use in contaminated atmospheres), shall be clearly marked in a manner|that makes
the pperator aware that it is in use.

Chdck compliance by inspection.

8.2.f Indication of pneumatic power rating
The] pneumatic power requirements of the resuscitator shall be marked. (A$ a minimum requifement, this
shal|l be the maximum flow that a gas supply pressure regulator is required to supply while mainptaining the
pregsures stated in 6.5.4.

Chdck compliance by inspection.

8.2.B Flow-direction-sensitive component

Anyl flow-direction-sensitive component connections‘shall be marked with the appropriate flow direction on
the pomponent.

Chdck compliance by inspection.

8.2.p Indication of latex
If agplicable, a warning shall be given that latex is used.

Chgck compliance by inspection.

8.2./10 Indication of protection against water ingress
Thel resuscitator shall be marked with a symbol, using the letters IP followed by the designations glescribed in
IEC|60529, according to the degree of protection provided by the enclosure with respect to harmflil ingress of
particulate mattér and water. See also 6.3.2.

The|l minimtm requirement of this part of ISO 10651 is IPX4.

Ch brl\ bUIIlIJlII'allbU by I'IIO[JthI'UII.
8.3 Information provided by the manufacturer for operation and maintenance

8.3.1 General

The manufacturer shall provide accompanying documents that include instructions for use and maintenance
of the resuscitator and its recommended accessories. The size and shape of these accompanying
documents shall be such that they can be enclosed with or attached to the container of the resuscitator set.

Check compliance by inspection of the accompanying documents.

© IS0 2006 — Al rights reserved 19


https://standardsiso.com/api/?name=4d153f971ec7dfbfc8c79e3a15465785

ISO 10651-5:2006(E)

8.3.2 Contents

The accompanying documents shall include the following:

8.3.21 Operational instructions and information, including where applicable:

a)

b)

c)

d)

)]

Check compliance by inspection of the accompanying documents:

8.3.2.2 Performance information shall be disclosed, including where applicable:

a)

b)
c)
d)
e)
f)
9)
h)

20

any instructions on how to make the resuscitator operational in all intended modes of operation,
including the specifications of any recommended, but not supplied, accessories (e.g. gas cylinder, see
6.5.1) necessary for the resuscitator set to conform to this part of ISO 10651 (see 5.1.11);

* a method of testing the pressure-limitation device (see 7.2.4 or 7.2.5, as applicable) and its
associated alarm system prior to connection of the resuscitator breathing system to the patient;

a methpd of testing any other alarm systems, if provided, before use or at recommended intervals;

the int¢nded use of the resuscitator (e.g. for adult, paediatric or neonatal patients, suitability for|any
speciall environments, intended operator skill level);

an explanation of the meanings of the symbols used for marking;
the resluscitator model or type reference to which the accompanying documénts are applicable;

the name or trademark of the manufacturer or authorized representative, and an address to which| the
organization responsible can refer.

the bogly mass range for which the resuscitator is suitable (this may be expressed as a body weight
range)

the dellvered oxygen concentration and the-conditions that affect this parameter;

the dellvered volume range;

the regluscitator cycling frequeney.range;

the cydling pressure range;

the inspiratory flow andinspiratory time ranges;

the resuscitator-dead space, and the total dead space with and without recommended accessories

the expiratorfy-resistance and inspiratory resistance as measured using test method B.3.8.1 and B.3/8.3,
and thg resistance imposed by any recommended accessory;

any details of the pressure-limiting device and override mechanism operation, if any;

the range of gas supply pressure and flow requirements for the resuscitator and, if provided, the
demand valve;

the functional characteristics or manufacturer's identification of operator-detachable, resuscitator
breathing system components, including any breathing system filter fitted or recommended;

the accuracy of any specified ventilation parameters and the range and accuracy of any controls or
indicators supplied on the resuscitator or on accessories supplied for use with the resuscitator. The
accuracies of indicators should be expressed in the form of the maximum zero error (bias) quoted in
appropriate units plus a sensitivity error quoted, e.g. as a percentage of the reading;
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0)
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the interdependence of controls, if applicable;

a description of how the delivered volume or minute volume and oxygen concentrations are
pressure at the patient connection port, in particular the maximum deviations from the c
stated settings of these parameters at mean pressures of 5 hPa, 15 hPa, 30 hPa and 60 hPa
15 cm H,0, 30 cm H,0 and 60 cm H,0);

the approximate duration of the gas supply, supplied or recommended, when operated wit
typical resuscitator settings;

affected by
alibrated or
(5 cm H,0,

h disclosed

the approximate duration of the gas supply, expressed as time per litre of the volume of the cylinder when

Che

8.3.

charged at a disclosed typical nominal pressure and when operated with disclosed typical r
settings (this figure allows for the comparison between different resuscitators for gas usage-¢

for patient demand valves, the pressure for termination of flow, if positive.
ck compliance by inspection of the accompanying documents.

R.3 Appropriate warnings, including where applicable:

a statement to the effect that this resuscitator is intended for first responders to a breathing
only and that patients must be transferred to a transport andCemergency ventilator, co
ISO 10651-3, as soon as such equipment becomes available;

a warning to the effect that incorrect operation of the resuscitator can be hazardous;

any guidance regarding use in hazardous or explagsive atmospheres, including a warning
resuscitator entrains or permits the patient to inhale’ gas from the atmosphere, its use in cq
environments can be hazardous unless entrainment is prevented or appropriate filtration is
applicable, a description is provided of how toprevent such entrainment or inhalation, e.g. b
an anti-inhalation valve, or of how a filter can be fitted;

if a part which can be temporarily fitted or selected, to filter or prevent the entrainment of a cq
atmosphere, affects the resuscitator performance as required by this part of ISO 10651, a
such part is only to be used when essential and must be removed for all other uses a
statement that there are increased risks associated with its use;

any warnings that in the'‘presence of high oxygen concentrations there is danger from smoki
flames and that oil or'grease should not be used on the resuscitator or any parts of the resusc

if a pressure-limitation override is provided, a warning that it must only be used ung
supervision;

suitability of different types of resuscitator for use in cardiopulmonary resuscitation;

bsuscitator
fficiency);

emergency
hforming to

that if the
ntaminated
provided. If
the use of

ntaminated
varning that
5 well as a

g or naked
tator set;

er medical

a recomimendation that users should refer to ILCOR/AHA/ERC guidelines [16] to defermine the

h)

astatement that this resuscitator is not to be used on unattended patients;

i)

)

a recommendation that an alternative means of ventilation should be available (e.g. that trai
include mouth to mouth ventilation, with or without a protective barrier);

ning should

if needed in order to satisfy the requirements of 6.1.2, a statement that a breathing system filter is
necessary to prevent cross-contamination of parts of the resuscitator that cannot be disassembled for

cleaning and disinfection, or for cleaning and sterilization.

Check compliance by inspection of the accompanying documents.

© I1SO 2006 — All rights reserved

21


https://standardsiso.com/api/?name=4d153f971ec7dfbfc8c79e3a15465785

ISO 10651-5:2006(E)

General information, including where applicable:

the external dimensions of the resuscitator and the carrying case or frame of the resuscitator set;

the mass of the resuscitator and the supplied or recommended resuscitator set, including all
associated items (e.g. cylinders, regulators, carrying casing) required to conform to this part of

a statement that subatmospheric pressure is present in the expiratory phase;

ered resuscitators, a technical description of the means of triggering;

uscitators that are intended to interact with any breathing effort by the patient [e.g. synchron
tent mandatory ventilation (SIMV)], a quantitative description of the algorithm used;

bshold criteria, including the pressure level, if the resuscitator is claimed to be responsive in
a patient's breathing effort, e.g. through inhibition of ventilation or the initiationof.inspiration w
ng effort greater than that permitted for triggering (see 7.2.10);

the pugpose, type, range and sensing position of all measuring and display parts;’either incorporated

uscitator or recommended for use with the resuscitator;

alarm systems on the resuscitator, a statement of their typ€, capabilities, principle of a
bn, period of alarm signal generation;

brational environmental limits;

rage environmental limits.

bliance by inspection of the accompanying do¢uments.

Maintenance information, including where-applicable:

tructions for the dismantling and reassembly of components requiring cleaning (including clez
vomitus), and disinfection or sterilization, and details of a functional test of operation to be ca

r reassembly and before uses(see 6.1.3.2);

commended methods. of-cleaning and disinfection, or of cleaning and sterilization, of

resusditator, its components.and its accessories;

zed

any
th a

into

ring
ried

the

am of the pneumatic system of the resuscitator and a diagram of any resuscitator breathing

, either supplied’or recommended;

operator-replaceable parts;

8.3.24
a)
b)
ISO 10651;
c)
d) for trig
e) forres
intermi
f)  the thre
way to
breathi
9)
the re
h) for any
detecti
i) anyop
j) anystd
Check com,
8.3.2.5
a) any ins
of any
out afte
b) any re
c) adiag
syste
d) alist of
€) any ma

intenance requirements.

Check compliance by inspection of the accompanying documents.
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Annex A
(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 uldclotalldilly of-therationate uudcl:yillu these |cqui|c|||5| its—is—considered-to-beessentiat-fortheir proper
application. Furthermore, as clinical practice and technology change, it is believed that a rational@will facilitate
any|revision of this part of ISO 10651 necessitated by those developments.

Thel numbering of the following rationale corresponds to the numbering of the clauses in this part of
ISO[10651. The numbering is, therefore, not consecutive.

A.1| Scope

Intefnationally agreed guidelines for cardiopulmonary resuscitation—aré published by national and
intefnational organizations, e.g. AHA, ILCOR, ERC ['6l. These guidelines have been considgred in the
preparation of this part of ISO 10651. However, the objective of this part of ISO 10651 is to address issues
congerning patient safety and not to make recommendationsifor clinical practice that arg¢ inevitably
conginuously evolving. Therefore, the requirements of this parfhef ISO 10651 do not limit thé design of
resyiscitators to adapt them for use in conjunction with any particular guidelines.

A.3]7 Delivered volume

Ventilation and resuscitation guidelines give guidance\concerning lung inflation in terms of tidal volume; which
is defined as “the volume of gas entering or leaving the patient or the lung model during the jinspiratory
phase”. It has been common practice to specify:and calibrate the performance of resuscitators using this
term but, in reality, without the use of techniques such as exhaled volume measurement, the resuscitator can
only generate a known volume. A proportioh-of this volume might not enter the patient's lung dug to leakage
at the connection to the patient's airway e:g., mask leakage. The term delivered volume is useq in this part
of 1I$0 10651 in reference to the volume’/output of the resuscitator in order to avoid ambiguity. In the absence
of Igaks, the tidal volume the patient receives will be the delivered volume that the resuscitator{delivers.

A.5/1.6 Breathing systemfilter

Reguscitators with their-eperating mechanisms close to the patient connection port are viinerable to
exp|red gases entering_parts of the resuscitator which cannot be cleaned, due to the single faulk condition
of back leakage through the patient valve, such that cross-contamination of inspired gases can occur. It is
therefore necessary that either an effective breathing system filter is used to filter expired/inspired gases or
that| the parts-¢can be cleaned and disinfected or sterilized. A breathing system filter not copnforming to
ISO[23328-1is’unlikely to be effective for this purpose.

A.5]1,11\ Resuscitator set

Resuscitators are intended for use as part of a resuscitator set that will enable them to be carried rapidly to
the patient requiring ventilation. They are dependent upon the accompanying gas cylinder for their power, but
if the cylinder is too heavy, operators will be discouraged from using the equipment in first response
situations. It is considered that the ability to supply high oxygen concentrations (e.g. > 85 % volume fraction)
at a minimum minute volume of 10 | for 10 min is a minimum requirement for the resuscitator set (see 7.5.7)
whilst not involving excessive mass (see 6.4.2). It should provide time for initial resuscitation while backup
resources are being organized.

A.5.2.5 Gas exhaust port connector

The exhaust port connection described is often used for the connection of accessories such as a PEEP
valve. It is essential that breathing system conical connectors are not compatible with this port. It is also
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important that the exhaust port be designed in such a way that it cannot be confused with the patient
connection port during use of the resuscitator.

A.6.1.1

Patient valve function after contamination with vomitus

It is important that vomitus can be cleared quickly and effectively from a resuscitator so that resuscitation can

be continue

A6.13 F

d with @ minimum of interruption.

unctional test after reassembly

Reassembllng a resuscnator mcorrectly, so that it does not functlon properly or causes complete malfunctlon

can result i
the patient

should have the objective of minimizing the possibility of an incorrectly reassembled or incorrectly-prepared
resuscitatgr being used on a patient.

A.6.2.1 Storage and operating conditions

Resuscitatprs can be expected to be exposed to the environmental extremes outlined.in"6.2.1, since such
extremes afe often reached throughout the world in places where resuscitators are.used and users shpuld
expect to e able to use them without question. If accompanying documents-claim a wider rangg of
environmerital tolerance, this claim is required to be validated.

Although r¢suscitators are designed in a manner that allows them to be used in very dry conditions, no|test
is specified because the type of equipment, which comes within the-scope of this part of ISO 10651, is
thought unllkely to have its performance affected by very dry ambient cénditions. Testing at two levels of| low
humidity for both short and long term and at both high and low temperatures would considerably extend the
testing reqyired with little perceived benefit. A single short-term test at high humidity and high temperature|has
been included but this will not expose susceptibility to such problems as corrosion or mould growth. (It is
expected, therefore, that the manufacturer will perform a failure analysis to establish the possible effecis of
both the lowest and highest humidity specified.

A.6.3.1.1 Drop test

It is important that resuscitators can withstand-the severe shock caused by falls from ambulances, hospital
beds, etc.

A.6.3.3 Immersion in water

Resuscitatprs are often used in_areas where they might be accidentally dropped into water during|the
resuscitatiop. If the resuscitator-is_recovered quickly from the water, it should still function correctly.

A.6.41 Size

Resuscitatprs will often.need to be used in situations with poor access. The dimensions specified will engble
the resusclz\ltator setto)be passed through a standard manhole entrance.

A.6.4.2 ass

See also A5+

Resuscitators are often packaged as a single entity incorporating both the control system and the patient
valve. There is a consensus [15] [17] that the mass of any resuscitator connected directly to a mask or an
airway should be sufficiently lightweight that it does not become difficult to keep in place, or cause a
disconnection or extubation, when being used in a vehicle traversing rough terrain. This can be the case in the
use of resuscitators during the initial stages of a rescue.

A.6.5.6 Intermediate hose

If the resuscitator uses more than one hose, it is important that the hoses cannot be wrongly connected. If
the supply hose is operator-detachable, it should have standard connectors. If an intermediate hose is also
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used, these connectors have the possibility for the operator to accidentally connect a hose end to the wrong
connector.

A.7.1.1 Delivered oxygen concentration

All resuscitation guidelines advocate the use of 90 % to 100 % oxygen volume fraction, wherever possible, in
the initial stages of resuscitation. As the resuscitators covered by this part of ISO 10651 are oxygen-powered
there is no justification for not delivering high concentrations in at least one of the modes of operation.

A minimum of 85 % O, volume fraction has been used because this allows minor entrainment leaks to occur
and it is considered that only below this concentration will the reduction be significant in terms of benefit to
pat i

nt aovaaanation
eht OXygCeratorT

On
The]
for

inp
A7

resuscitators that allow the selection of other oxygen concentrations, entrainment devices:are|often used.
se devices can be of benefit in extended rescues by decreasing the consumption of ¢ylinder{oxygen but
afe use under all conditions it is essential that the operator is made aware of any resultant compromises
erformance [see 8.3.2.2 n)].

1.2 Resistance to spontaneous breathing

To

imp
is in
sSpo
airw

e. It is also
e ventilation
to breathe
e patient’s

acilitate full exhalation in a minimum time, expiratory resistance should\be as low as possib
brtant that any spontaneous respiratory efforts by the patient are not impeded, particularly if th
adequate. The design of a resuscitator should be such that it ¢s*possible for the patient
ntaneously without excessive sub-atmospheric pressure when the resuscitator is applied to th
ay, but is not delivering flow to the patient (i.e., during the expiratory phase).

Add bsuscitator
ventilation.
inspiratory

, maximum

itionally, if the operator does not respond immediately.to~a low supply gas condition, the r
shopld not impede any spontaneous breathing effort of the patient in the event of inadequate
Therefore, the patient needs to be able to breathe during the expiratory phase and during the
phase if this phase lengthens, or the delivered volume decreases, unacceptably. For this reasor
valyes for expiratory and inspiratory resistance undér these conditions have been specified.

A.711.3 Inadvertent PEEP

Cer
ab
car

zsic PEEP level that cannot be avoided. This effect needs to be strictly limited in resuscitat

ain resuscitator designs do not allow-the patient to fully exhale due to the mechanism used,

iopulmonary resuscitation because the resultant increased mean intra-thoracic pressure

resulting in
prs used in
Can impede

venpus return in this application-

A.711.4 Inadvertent continuing expiratory pressure

Mos
elas
resy
reag
exh
spe
mar

t resuscitators of _the type covered by this part of ISO 10651 use an inspiratory valje made of
tomeric materials lnappropriate handling, contamination or variability of the manufacturing protess can all
It in imperfect-sealing of this valve. Unless the resuscitator is specifically designed tp accept a
onable levelof back leakage, it is possible for pressure balance to occur such that the patient cannot
ble. Preventing the patient from exhaling can quickly lead to a potentially lethal situatioh. The test
cified cishdesigned to ascertain that such back-leakage will not cause the valve to malfungtion in this

ner.

A.7.1.5 Resuscitator dead space and dead space of airway accessories

It is important to minimize apparatus dead space in order to limit rebreathing of expired gases. The maximum
values specified are higher than the desirable values but are inevitable if a heat and moisture exchanger
(HME) or breathing system filter of sufficiently low resistance is specified. At the adult delivered volume of
600 ml, the allowed percentage is < 17 %. Resuscitators suitable for children are invariably adjustable and so
where a delivered volume below 300 ml is required, it is possible to increase the delivered volume to
compensate for the rebreathing.

With respect to the measurement of the dead space, although only an approximation, the physical
measurement of the volume shared by the inspired and expired gases is used. This is considered sufficiently
accurate for a disclosure for this type of equipment. If it is considered that for a particular design this method
is not appropriate, a specific test should be used.
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A7.2 Ventilation performance

Many resuscitators of the type covered by this part of ISO 10651 have more than one mode of operation, e.g.
a demand valve with a manual trigger, an automatic resuscitator with a selectable manual mode of
operation or an automatic time-cycled resuscitator with patient-triggering. Each mode of operation has to
satisfy its own set of requirements as specified in this part of ISO 10651.

A.7.2.2 Delivered volume (V)

The required delivered volume values given in Table 1 take account of general ventilation guidelines that
indicate tidal volumes of 10 ml/kg to 15 ml/kg, and also the more recent recommendations by ILCOR and AHA

to use a requeed-tidatvelome-of-6-mlikgtoFmitkg-duringpulmenaryresuseitationinorderte-minimize-gastric
inflation.
To ensure that adequate tidal volumes can be achieved, even with some mask leakage and with adverse (ung

characterisfics, the higher value of 15 x m (m = body mass) has been used to ensure that patients are| not

under-inflated at the maximum setting of variable output child resuscitators.

r to
be
sary

7 ml/kg hag been used as the maximum delivered volume in determining the suitability~of a resuscitatd
ensure thaj small patients are not over-inflated. Resuscitators suitable for children will, inevitably
adjustable and with the use of this figure a volume of 10 ml/kg to 15 mil/kg can still-bé delivered if neces
for correct Jentilation.

The delivefed volume requirement of 600 ml for adults is still within the reebmmended target range for gdult

cardiopulmonary resuscitation but has a margin for mask leakage even'for a small, 40 kg adult.

The ventil recommendations for cardiopulmonary

resuscitati

htory frequencies specified also follow current
bN.

A.7.2.3 (Qonsistency of delivered volume

with
that
not

When a resuscitator is used to ventilate a cardiac arrest victim, it will invariably be ventilating a lung
rapidly chapging compliance and resistance. For optimum cardiopulmonary resuscitation it is important
the deliverpd volume and the inspiratory time\and expiratory time are consistently maintained and
affected by the changes in lung characteristics.

and
are

In particular, pressure-cycled resuscitators .will vary the delivered volume and the inspiratory time
expiratory [time in order to achieve the-Selected pressure level. This is one of the main reasons why they

not preferr:

d for use during cardiopulmonary resuscitation by lay operators. Unless their functio

n is

modified to|overcome this variability, resuscitators operating on this principle will not meet the performance
requirements of this part of ISO10651.

Only the h|gh oxygen concentration mode is used during these tests, because this is the mode that is
recommended during the éritical phase of the rescue.

A.7.2.6 Pressure-limitation activation alarm signal

This alarm pignal'serves not only to indicate that the set pressure level has been reached but also when|gas
loss is occUyrting, so that the operator is made aware that the full set delivered volume is not being delivgéred

to the patient. The specified fest is infended to establish that the signal fulfils both conditions.

The performance of pneumatically powered signals on pressure-limitation devices is often significantly
affected by the magnitude of the lung compliance. Most audible signals are designed to operate adequately
with occlusion of the patient connection port, but the most critical condition for high-inflation pressure is
when the alveoli are exposed to this pressure. The specified test is designed to simulate this condition.

A.7.2.7 Inspiratory flow

Current resuscitation guidelines reflect the general acceptance that with the higher inspiratory flows
(120 I/min) originally advocated, there was a significant risk of insufflation of the patient's stomach during
ventilation using a facemask. The current thinking is that flows of approximately 30 I/min should be used
during adult cardiopulmonary resuscitation [111112],
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2.10 Patient-triggered resuscitator

If a claim is made that a resuscitator is capable of patient-triggering, the breathing effort to initiate triggering
needs not to be excessive. Otherwise, the expectation as to the benefit to the patient will be exaggerated.

A.8.

2.1 Legibility of markings

Markings on resuscitators are expected to be clearly legible by an operator over the range of normal
illumination levels where the resuscitator is typically operated. The levels used in this test are derived from
the following recommended illumination levels for use in interior lighting design:

100 v t6-200 Ix is racommendad-forworkina snaceswharevicstial tacke ara narfarmad anlv ac
oo o oS e EO B RaE 61O Wo G- SPa 60 WHBTFEHESHaTtaSKESare-PeHOHREa-BRY-B6&

casionally;

500 Ix to 1 000 Ix is recommended for visual tasks of small size or reading medium-pencikhan

1000 Ix to 2000 Ix is recommended for visual tasks of low contrast or very small ‘size, ¢
handwriting in hard-pencil on poor-quality paper.

If markings are not legible to the operator under the expected conditions ‘of use, there wj

una
The
imp
Reg
A.8
The)

Met
or
prog

A.8

cceptable risk.

Minimum Angle of Resolution (MAR) is a visual acuity measurement method develg
fovement on the long-used Snellen scale. The values are express as‘a logarithm of the Minim
2.2 Durability of markings
rubbing test is performed with distilled water, methylated-spirits and isopropanol.
nethanol, generally with additional chemicals to*give an unpleasant taste and a colour to
uct is not suitable for drinking. One formulationin use is composed of:
specially denatured alcohol 3A (SDA3A) — 94,8 % by volume,
methanol, 100 % (recognized analytical grade) — 4,7 % by volume, and
pyridine (recognized analytical\grade) — 0,5 % by volume.
ropanol is defined in the European Pharmacopoeia as a reagent in the following terms:
C3HgO (MW60.1) <<Propanol.

Isopropyl alcefiol: a clear colourless liquid with a characteristic odour, mixable with water and
It has a relative density of 0,785 at 20 °C, boiling-point 82,5 °C at 101,3 kPa.

3.24'b) Operational instructions and information

jwriting;

.g. reading

buld be an

ped as an
im Angle of

olution. Log MAR can be calculated from the Snellen scale, i.e. log MAR = log(6/6) = 0 for normal vision.

nylated spirits is ethyl alcohol, denatured with a small quantity (typically < 10 %) of methyl isolputyl ketone

ndicate the

with alcohol.

The

use

of the resuscitator, in accordance with an indicated procedure.
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Annex B
(normative)

Test methods

B.1 Test conditions

B.1.1 General

Ensure thaf the ambient temperature for the duration of the tests is between 20 °C and 25 °C, éxcept where
otherwise §tated. Ensure that the relative humidity is within the range from 45 % to 75/%,. except where
otherwise stated.

B.1.2 Conditioning of resuscitator set and test apparatus

Unless otherwise specified in particular tests, place the resuscitator set and test apparatus in the |test
location an{l allow sufficient time for the resuscitator set and apparatus o reach equilibrium with amhbient
conditions.

B.1.3 Reference conditions

Correct all
101 325 Pa

B.2 Apparatus

B.2.1 Gen

Typical tes
accuracy m

B.2.2 Elements of the test-apparatus

test lung (see“Figures B.1 and B.2 for examples), with appropriate compliance and resists

est readings to the reference conditions of normaktemperature and pressure, dry (NTPD) {20
[1 atm"V)], 0 % relative humidity}.

eral

apparatus is shown in Figures B.1 to B.4; alternative test apparatus of equivalent or gre
Ay be used.

fest apparatus’shiown in Figures B.1 to B.4 consists of the following:

o C,

ater

nce

irsf not provided with the test lung;

tus for the measurement and the recording of pressure, flow and volume;

tus for the measurement of temperatures;

graduated cylinder, of at least 200 ml capacity;

The typical
a)
characieristics (see Tables B.1 and B.2);
b) resistd
c) appara
d) appara
e)
f)  oxygen monitor;
1) The unit “atm” is deprecated.
28
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g) water reservoir, sufficiently large to permit complete immersion of the resuscitator;

h) environmental chamber, capable of maintaining temperatures from (—40+ 1) °C to (+60+ 1) °C and
relative humidity in the range between 45 % and 75 % and at 95 % (or the ranges indicated in the
accompanying documents, if greater);

i) subatmospheric-pressure generator, capable of generating flows up to 100 I/min at 8 hPa below
atmospheric pressure (see Figure B.4 for typical example);

j) oxygen source (required if the resuscitator is supplied with a connector for the operator to connect to
the gas source), capable of controlling pressure at a terminal outlet over the range of 280 kPa to
1 000 kPa at flows up to 100 I/min;

k) |gas source, capable of supplying backpressure-compensated flows, controllable within‘the range 3 I/min
to 60 I/min.

B.3 Test procedures
B.3l1 Valve function after contamination with vomitus

B.3]1.1 Test material

Prepare simulated vomitus by mixing two parts of baby meal beef with vegetable and one part watér.

B.3/1.2 Procedure

Wafm the simulated vomitus to (37 +3) °C and pourk*175 ml into the patient connection port. $ome of the
test| solution may spill over when poured into the-patient connection port. Cycle the resuscitator at the
maximum cycling rate that can be set with the~resuscitator controls. Perform this test with the resuscitator
conhected to the test lung [B.2.2 a)], selecting'the settings for compliance and resistance as appropriate to the
delivered volume used, in accordance. with Tables 1, B.1 and B.2. Continue to cycle the resuscitator for
30 §. Clear the resuscitator of the (mixture according to the accompanying documents ang verify the
resuscitator’s performance.

B.3l2 Dismantling and reassembly

Verlfy by inspection ofithé accompanying documents that a functional test has been provided to test
opelation after reassembly. Simulate possible resuscitator misassembly scenarios, e.g. the omission of a
valve element, and\verify that the test indicates the misassembly.

B.3l3 Storage and operating conditions

B.3]3.1  General

Following completion of each phase of the test, operate the resuscitator under the conditions indicated in the
accompanying documents and verify performance in accordance with 5.1.10, 7.2.2, 7.2.4 and 7.2.6.

If the accompanying documents indicate an operating temperature range wider than —18 °C to +50 °C, then
that temperature range is substituted appropriately in B.3.3.2.

These tests may be performed in any order and on different resuscitators.

B.3.3.2 Procedure

Prepare the resuscitator set in accordance with B.1. Place the resuscitator set in the environmental
chamber [see B.2.2 h)] and set at either 50 °C or at the maximum temperature stated in the accompanying
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documents (see B.3.3.1), and in both cases, at minimum 95 % relative humidity. Maintain these conditions
for no fewer than 6 h. At the end of this period, operate and test the resuscitator set at this temperature.

Place the resuscitator set in the environmental chamber set at —40 °C for at least 6 h.
At the end of this period, place the resuscitator set in an ambient temperature between 20 °C and 25 °C at a
relative humidity between 45 % and 75 %. Allow the resuscitator set to stabilize for at least 4 h. At the end of

this period, operate and test the resuscitator.

Place the resuscitator set in the environmental chamber at 60 °C and at a relative humidity between 40 %
and 70 % for not less than 4 h.

tive
riod,

At the end|of this period, place the resuscitator set in ambient conditions of 20 °C to 25 °C at 4. rela
humidity bgtween 45 % and 75 %. Allow the resuscitator set to stabilize for 4 h. At the end of his pe

operate an
Place the

stated in th
test the res;

B.3.4 Dr
Take any
resuscitatio
orientation.

Replace all

normal use, from a height of 0,75 m onto a concrete floor. Repeat the test three times in the three, mutt

perpendicu
mass dumn

B.3.5 Immersion in water

Arrange the

[B.2.2g)]. 1
Begin venti

B.3.6 Gag container capacity.

Using the t
type recom
concentrati
before the ¢

gas delivergd to the.patient.

test the resuscitator.
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B.3.7 Deli

Supply the resuscitator with oxygen as the driving gas and select the highest oxygen concentration setting (if
selectable). Connect it to the test lung [B.2.2 a)], set to the values of compliance and resistance specified in
Tables 1, B.1 and B.2. Connect an oxygen monitor [B.2.2 f)] at a site in the compliance chamber as far away
as possible from the patient connection port. Ventilate the test lung at the delivered volumes, frequencies
and inspiration:expiration ratios given in Table 1. For those resuscitators for which the breathing parameters
are not independently variable, set the delivered volume to the appropriate value given in Table 1. Record
the readings of the oxygen monitor when they become stable.

For resuscitators with no adjustment of delivered volume, use the preset settings.
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B.3.8 Resistance to spontaneous breathing

B.3.8.1 Inspiratory resistance

Using an apparatus such as that shown in Figure B.4 (with valve V held permanently open), for resuscitators
suitable for use with patients with a body mass of up to 10 kg, connect the patient connection port to the
vacuum source and adjust the airflow to 6 I/min.

For all other resuscitators, connect the patient connection port to the vacuum source and adjust the airflow
to 60 I/min.

During normal operation of the resuscitator, record the pressure generated at the patient connpction port
during the expiratory phase.

B.3]8.2 Spontaneous breathing during power outside of rated range

Repeat the tests described in B.3.8.1 and B.3.8.3, using flows of 30 I/min or 3 l/min, while the gas supply to
the resuscitator is varied throughout the ranges 280 kPa to 0 kPa and 600 kPa'to™1 000 kPa.

For|resuscitators conforming to 6.5.5, test with the cylinder contentsyreducing from the minimum rated

pregsure until the cylinder is empty and with 1 000 kPa supplied to the resuscitator to simulafe regulator
faildre.

B.3]8.3 Expiratory resistance

For| resuscitators suitable for use with patients with a body mass of up to 10 kg, connect the patient
connection port to a gas source [B.2.2 k)] and introduce air at a flow of 6 I/min.

Forlall other resuscitators, connect the patient connection port to the gas source and introduce |air at a flow
of 6D I/min.

During normal operation of the resuscitatar, record the stabilized pressure at the patient conngction port
during the expiratory phase.

B.3l9 Inadvertent PEEP

Usimg the test arrangement described in B.3.7, ventilate the test lung for five consecutive breaths. Measure
and|record the pressure,in.the test lung at the end of expiration.

10 Inadvertent continuing expiratory pressure

late theeffect of contamination causing the inspiratory valve to back-leak by fixing a 1,0 mnl diameter x
5,0 mm long-cylinder of lightweight material in between the sealing faces of the valve element 3t a point of
maXimum\opening, ensuring that it does not affect the operation of the valve other than allowing bgck leakage.

Conneet-therestuseitator-tothetestHung{B-22-a)l—setto-the-speeified—values-ef-cormphanee—and resistance
(see Tables 1, B.1 and B.2). Ventilate the test lung at the maximum delivered volume setting of the
resuscitator.

Verify that the end-expiratory pressure does not exceed 2 hPa (2 cm H50).

B.3.11 Delivered volume

B.3.11.1 With the resuscitator supplied with gas from the gas cylinder regulator that is provided or
recommended in the accompanying documents (6.5.3), measure the delivered volume from the
resuscitator in accordance with the requirements of 5.1.10 and 7.2.2 using test lungs (see Figures B.1 and
B.2), with compliances and resistances appropriate to the delivered volumes as specified in Tables 1, B.1
and B.2.

© IS0 2006 — Al rights reserved 31


https://standardsiso.com/api/?name=4d153f971ec7dfbfc8c79e3a15465785

ISO 10651-5:2006(E)

B.3.11.2  Additionally, for resuscitators provided with a probe for connection to a medical gas supply
system, connect the probe to the controllable gas source [B.2.2 j)] and retest the resuscitator in accordance
with 5.1.10 and 7.2.2, while varying the supply pressure over the range specified in 6.5.4.

For resuscitators with no probe, retest in accordance with 5.1.10 and 7.2.2 while the gas cylinder pressure is
allowed to vary through the specified range required in 6.5.5.

B.3.11.3  Repeat B.3.11.3 after the drop tests described in B.3.4 and following each phase of the test
described in B.3.3.

NOTE In the absence of leaks (which is the case in the testing conditions), V4 has the same value as the simulated
tidal volume.

B.3.12 Copsistency of delivered volume

Supply the resuscitator with oxygen as the driving gas and connect it to a test lung with compliance C20|(and
resistance R20 (see Tables B.1 and B.2.). Check that the resuscitator is set to deliver greater than 85 %| O,.
Ventilate the test lung with a delivered volume of 600 ml and at the frequencies and‘inspiration:expirgtion
ratios giver| in Table 1. For those resuscitators for which the breathing parameters are not independently
variable, sqt the delivered volume to 600 ml. For resuscitators with no adjustment of delivered volume,
use the preget settings.

Measure the delivered volume. Change the test lung to C50, R10, with. no change to the resuscitator

settings (fdr manually-cycled resuscitators, maintain a constant ratevof manual triggering), and afain
measure the delivered volume. Record the difference between the twe readings.

B.3.13 Pre¢ssure limitation and high-pressure alarm

B.3.13.1 The following procedure is applicable to resuscitators that limit pressure, under normal use, by
means of alrelief valve.

a) If adjugtable, set the pressure-limiting device!/to its highest setting.
b) For reguscitators classified for use with patients up to 5 kg body mass, occlude the patient connection
port and the exhaust port. Using the compressed air source [B.2.2 k)], pass air at a flow of 15 Ifmin
through the pressure-limiting device: Record the pressure at the patient connection port.
c) For resuscitators classified~for use with patients of over 5kg body mass, occlude the pafient
connection port and the exhaust port. Using the compressed air source, pass air at a flow of 60 I/min

through the pressure-limiting device. Record the pressure at the patient connection port.

d) Check [that the high-préssure alarm sounds each time the pressure-limiting device is activated.

e) Ventilate a C50:RO0 test lung with a delivered volume of 600 ml (or the preset volume for non-adjustable
resusditators, or the maximum volume of a child resuscitator). Without changing the resuscitator
setting$,€onnect the resuscitator, in turn, to a C20, RO and a C10, RO test lung.

f)  Select the lowest compliance lung that did not cause the alarm to sound and ventilate, without changing
the resuscitator settings, with the test arrangement shown in Figure B.3. Adjust the valve until the alarm
just sounds and record the volume then being delivered to the test lung.

g) Verify that the reduction in delivered volume does not exceed 25 % and that the requirements of 7.2.4,
7.2.5 and 7.2.6 are satisfied.

B.3.13.2 The following procedure is applicable to resuscitators that limit pressure, under normal use, by
terminating flow or switching from inspiration to expiration.

a) Measure the pressure at the patient connection port, while testing for alarm function as indicated in the
accompanying documents. See also 8.3.2.1 b).
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b) Connect the resuscitator to a test lung appropriate for the maximum body mass indicated in the
accompanying documents, as specified in Table 1, and ventilate using the settings that generate
maximum pressure at the patient connection port.

c) Without changing the resuscitator settings, disconnect the resuscitator from the test lung and measure
the pressure at the patient connection port with the port occluded.

d) Verify that the requirements of 7.2.4, 7.2.5 and 7.2.6 are satisfied.

B.3.14 Inspiratory flow

Cornect a flowmeter with a variable flow restrictor upstream to the patient connection port,_by|means of a
22 mm hose incorporating a pressure gauge. Operate the resuscitator with maximum oxygen’concentration
selgcted, if selectable, and adjust the restrictor to give, in turn, an output pressure of 20 hPa (20 cin H,0) and
< 3 hPa. Verify that the flow requirements specified in 7.2.7 are met at both output pressures.

B.3115 Operation of manual trigger
Have three adults, with hands no larger than the maximum dimensions allowed as shown in Figure B.5, apply
sucgessively the recommended facemask to the face of a cardiopulmonary resuscitation training
mannequin, in accordance with the requirement specified in 7.2.8, and operate the triggering mechanism with
onelfinger only for 30 consecutive adult inflation cycles.

Tests are to be performed with all configurations of the equipment recommended in the accompanying
dodument which can affect the outcome of this test.

Ensure that the operation of the resuscitator in this mahner allows the same lung inflation to be achieved as

that| obtained by a second operator operating the mechanism fully using both hands, while the fiist operator
maihntains mask seal with two hands (two-man operation).

B.3116 Demand valve

B.3]16.1 Setup

With the resuscitator supplied-from the gas source in the supplied or recommended resuscgitator set,
conhect the patient connection port of the resuscitator incorporating the demand valve (to the test
apppratus shown in Figure-B.4, and test in accordance with B.3.16.2 to B.3.16.4.

B.3]16.2 Flow threshold

With valve (V in-Figure B.4) held open, increase the subatmospheric-pressure control and note thg reading on
the pressure<sensor (P in Figure B.4) at an output flow of 5 I/min.

B.3]16:3, Peak flow

Open valve (V) and set the steady-state demand flow to 100 I/min. Close valve (V). Operate valve (V) so that
it opens in a time of less than 20 ms. Record the pressure/flow response of the demand valve. Verify that an
output flow of 100 I/min is achieved within 250 ms and is maintained for at least 5 s with a subatmospheric
pressure at the patient connection port of < 8 hPa.

B.3.16.4 Flow termination

With valve V held open, adjust the regulator that controls the subatmospheric pressure at the patient
connection port until the output flow is 5 I/min. Gradually decrease the subatmospheric pressure until flow
terminates and record the subatmospheric pressure at which this occurs. If the accompanying documents
indicate a positive termination pressure, substitute a positive pressure gauge.

© IS0 2006 — Al rights reserved 33


https://standardsiso.com/api/?name=4d153f971ec7dfbfc8c79e3a15465785

ISO 10651-5:2006(E)

B.3.17 Patient-triggered resuscitator

Using the test arrangement shown in Figure B.4, set the steady-state pressure at the patient connection
port to 2,5 hPa (2,5 cm H,0O). With the resuscitator cycling automatically, operate valve (V) so that it opens
in a time of less than 20 ms at an appropriate point in the expiratory phase. Record the pressure/flow
response of the resuscitator. Verify that the resuscitator switches into its inspiratory phase within 250 ms

with a subatmospheric pressure at the patient connection port of < 2,5 hPa.

Table B.1 — Required values for compliant chamber of test lung

Cimpliance Isothermal compliance value Equivalent value Tolerance
C designation IIhPa mi/cm HyO %
C50 0,05 50
C20 0,02 20 410
c10 0,01 10 -
C1 0,001 1
Table B.2 — Required resistance values for test lung
Resistance Resistance value Equivalent value Airflow range for Tolerance
R designation calibration
hPa/(l/s) cm HyO/(I/s) I/s %
R10 10 10 0,3t0 0,662
and0,1t00,22
+ 20
R20 20 20 0,1t00,2
R200 200 200 0,05 to0 0,075
a f a single resistance cannot be calibrated to achieve the required tolerance over both of these flow ranges,
separate resistances may be calibrated_for each range and then used as appropriate to the resuscitator flow used in
the gpecific test.
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Dimensions in millimetres

Key

resuscitator

pressuretapping ports (airway and alveolar)

ntegrating flow-meter to measure tidal volume (optional)
honh-compliant tubing

0 NOoO O WN -

mterchangeabte testiung resistance (R 1010 R200)
thermometer

copper wire to maintain isothermal compression
rigid compliance chamber of test lung (C1 to C50)

Figure B.1 — Representative passive test lung system
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