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Standard Specification for
Minimum Performance and Safety Requirements for
Resuscitators Intended for Use With Humans  *

This standard is issued under the fixed designation F 920; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonef indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.
INTRODUCTION

In January of 1989, ASTM Subcommittee F29.03.03 met in Boston with representatives of the
American Heart Association and the U.S. Department of Defense to discuss the revision of this
specification. It was unanimously determined that until a revised version of this specification that
would be consistent with the American Heart Association’s revised Standards and Guidelines for
Cardiopulmonary Resuscitation and Emergency Cardiac Care was available, ISO 8382-1988, should
be used as the specific reference for manually-triggered gas-powered resuscitators. Shortly thereafter,
the Subcommittee Chairman published a letter to this effect iddlenal of the American Medical
Associatior? The Subcommittee reaffirmed this stance at a subsequent meeting in March of 1990. This
specification is therefore similar in content to ISO 8382.

1. Scope Some countries also reserve the use of automatic gas-powered

1.1 This specification covers ventilatory resuscitators, thafesuscitators to trained individuals under medical supervision.
is, small portable ventilators intended to be used in emergenthis specification is not intended to conflict with these estab-
cies both outside and inside hospitals. These devices afished practices. . .
intended for use by medical personnel and for emergency use 1-3 Annex Al details test methods, while Annex A2 pro-
by personnel with varying degrees of training. They arevides tables of resistances and compliances required to set up
intended to be used at the site of an emergency and duri,g.ge test lung. Annex A3 gives a rationale for various clauses in

groups are included within the scope of this specification. ~ INto the reasoning that led to the requirements and recommen-

1.1.1 This specification does not intend to discourage offations thathave been given. Annex A4 and Annex A5 provide
impede future innovation or development of resuscitators. advice concerning materials to be used in resuscitators and face

1.2 The effective and safe use of a resuscitator is determindasks- _ _
not only by the performance of the resuscitator, but also by the 1.4 The values stated in SI units are to be regarded as the
skill of the operator. This specification does not describe thétandard.
content of the training programs to develop such skill and does 1.5 This standard does not purport to address all of the
not state who should or should not use a resuscitator. This wifafety problems, if any, associated with its use. It is the
be determined by the organizations involved in teachingeSPonsibility of the user of this standard to establish appro-
resuscitation. priate safety and health practices and determine the applica-
1.2.1 In certain countries, resuscitators are intended for us@llity of regulatory limitations prior to use.
by nontrained personnel and lower pressure limits are seE' Referenced Documents

2.1 The following standards contain provisions that,

1 This specification is under the jurisdiction of ASTM Committee F29 on through reference in this text, constitute provisions of this
Anesthetic and Respiratory Equipment and is the direct responsibility of Subcomgpecification. At the time of publication, the editions indicated
mitiee F29.14 on ventilators. were valid. All standards are subject to revision, and parties to
Current edition approved March 15, 1993. Published May 1993. Originally X i . . !
published as F 920 — 85. Last previous edition F 920 — 85. agreements based on this specification are encouraged to

2 American Heart Association, “Standards and Guidelines for Cardiopulmonanjinvestigate the possibility of applying the most recent editions
Resuscitation (CPR) and Emergency Cardia Care (ECIOyfnal of the American of the standards listed below
Medical AssociationVol 255, No. 21, June 6, 1986, pp. 2905-2984. ’
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2.2 ASTM Standards: 3.1.10 demand (intermittent flow) apparatasa device de-
F 1054 Specification for Conical Fittings of 15 mm and 22livering a flow of gas, patient-triggered, during inspiration only
mm Sizes at ambient pressure (or at respiratory pressure).
F 1243 Specification for Tracheal Tube Connectors 3.1.11 expiratory port—an opening through which gases or
2.3 ANSI Standard: vapors, or both, pass from the patient during expiration.
ANSI/CAAV-1 Compressed Gas Cylinder Valve Outletand  3.1.12 forward leak—the volume of gas produced by the
Inlet Connection$ resuscitator during the inspiratory phase that does not pass
2.4 1SO Standards: through the patient port to the patient but passes to the
ISO 407 Small Medical Gas Cylinders—Yoke-Type Valve atmosphere.
Connection$ 3.1.13 gas-powered resuscitatera resuscitator powered by
ISO 4135 Anaesthesiology—Vocabuléry the energy of compressed gas.
ISO 5356-1 Anaesthetic and Respiratory Equipment— 31 14 infant—an individual weighing up to 10 kg, or being
Conical Connectors—Part 1: Cones and Sodkets approximately one year of age.

ISO 5359 Low-Pressure Flexible Connecting Assemblies 3 1 15 manually cycled, gas-powered resuscitatoran

(Hose Assemblies) for Use with Medical Gas Systéms operator-activated resuscitator whereby the work of resuscita-
ISO 7228 Tracheal Tube Connectbrs tion is accomplished by the energy of compressed gas and not
ISO 8382 Resuscitators Intended for Use with Humlans  he operator.

) 3.1.16 maximum delivery pressutethe highest gage pres-

3. Terminology sure that can be attained at the patient connection port when the

3.1 Definitions—Some of these definitions have been takenapparatus is functioning normally.
from 1SO 4135, but are included in this specification for 3.1.17 minute volume, ¥-the volume of gas, expressed in
convenience. Other definitions, that are given in ISO 4135, fofitres per minute, entering or leaving the patient or the lung
apparatus in general, have been modified slightly for thenodel.
purposes of this specification as they apply specifically to 31,18 Discussior~The physical conditions under which
resuscitators: _ measurements are made should be given.

3.1.1 airway—the passageway for gas into and out of the 3 1 19 gperator-powered resuscitatera resuscitation de-
lungs. _vice in which ventilation of the lungs is produced by the

3.1.2 apparatus deadspacep\,;— that volume of previ- ,nerator compressing the compressible unit of the device.
ously ex_hale_d gas that is delivered from the resuscitator in the' 3 ; 54 patient connection portthat opening at the patient
succeeding inspiratory phase. end of an expiratory value unit; a Y-piece fitting or a unidirec-

3'.1'3 automatic resuscitatera resuscitator in which the tional valve to which may be connected either a tracheal tube
cyclic flow of gas for inflation of the lungs is independent of or a face mask angle piece

any inspiratory effect of the patient or repetitive action of the 3.1.21 patient connecter-that part of the resuscitator that

operator. . . . connects directly to a face mask or an appropriate mating
3.1.3.1 Discussior—The expiratory phase may also be au- airway device
tomatically cycled. Y - . .
3.1.22 patient valve—a valve in the breathing system that

3.1.4 back leak—the volume of expired gas which does not . X he | for the inspi h di h
pass through the expiratory port but returns to the resusc:itato‘ii.'rec'[s gas Into the lungs for the Inspiratory phase and into the

3.1.5 bag inlet valve—a valve activated by the subatmo- atmosphere durlng. th.e- expiratory phase. . o
spheric pressure in the compressible unit of the resuscitator to 3-1-23 pressure limiting systesa mechanism for limiting
refill the compressible unit from a compressed gas source. the maximum delivery pressure.

3.1.6 bag refill valve—a valve, with no manual trigger,  3-1.24 resistance, R-pressure drop per unit of flow at a
activated by the subatmospheric pressure in the compressibi®ecified flow, expressed in kilopascals per litre per second
unit of the resuscitator to refill the compressible unit from alkPa/(L/s)].
compressed gas source. 3.1.24.1 Discussior—According to conventional practice,

3.1.7 compliance, G-volume change of the gases in the this has generally been expressed in centimetres of water per
compartment produced by a unit pressure change, expressediiie per second [cmkD/(L/s)].
litres per kilopascal (L/kPa). 3.1.25 resuscitator—a portable device used in emergency

3.1.8 compressible unit-that part of an operator-powered situations to provide lung ventilation to individuals whose
resuscitator that, when compressed by the operator, deliverstaeathing is inadequate.
volume of gas, for example, a bag or bellows. 3.1.26 stroke volume-the volume of gas deliverable from

3.1.9 delivered oxygen concentratierthe average concen- the resuscitator to the end of the patient connector during an
tration of oxygen in the gas delivered from the resuscitator. inspiratory phase of the ventilatory cycle.

3.1.27 tidal volume, \{—the volume of gas, expressed in
millilitres, entering or leaving the patient or the lung model
during the inspiratory or expiratory phase time.

3 Annual Book of ASTM Standardéol 13.01. . . . . .

4 Available from American National Standards Institute, 25 W. 43rd St., 4th 3.1.27.1 Discussior—The phy5|ca| conditions under which
Floor, New York, NY 10036. gas volumes are measured should be given.
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3.1.28 ventilatory cycle—the cycle comprising the inspira- 5.2 Dismantling and Reassembly (See alsonex A3—

tory phase plus the expiratory phase. The manufacturer shall recommend a functional test of opera-
3.1.29 ventilatory frequency,—+the number of ventilatory tion to be carried out after reassembly (see 10.3d).3(

cycles per minute. Note 3—A resuscitator intended to be dismantled by the user, for
3.1.29.1 Discussior-This definition differs from the one example, for cleaning, etc., should be designed so as to suppress the risk

given in ISO 4135 because it refers to the number of ventilaef incorrect reassembly when all parts are mated.

tory cycles of the resuscitator, not the patient breaths. 5.3 Patient Valve Function After Contamination with Vomi-
3.2 Symbolsin addition to the symbols given in clause 3, tus (See alscAnnex A3— After the resuscitator has been

the following symbols are used in this specification: tested in accordance with the test described in A1.5.3, it shall
3.2.1 Vp gyster—SYystem deadspace. meet the requirements specified in 7.3, 7.5, 7.8.1, 7.8.2, 7.9,
3.2.2 Fo, pag— OXygen concentration in bag. 7.10.1, 7.10.2, and 7.10.3, as appropriate.

Note 4—It is preferable that the valve housing be constructed so that
4. Connectors operation of the mechanism may be observed by the operator, for example,
4.1 Patient Connection Port (See alsbnnex A3—The through atransparent housing. (_)bservation ofthe_functioning mechanism
patient connection port of the resuscitator shall have 15 m f the_ patient valve may assist the operator in detecting abnormal
female and 22 mm male coaxial connectors with dimensions inperatlon. )
accordance with 1ISO 5356-1 and Specification F 1054. 5.4 Mechanical Shock

4.2 Expiratory Port for Breathing Gases (See alsmnex 5.4.1 Drop Test (See alsAnnex A3—If the resuscitator is

A3)—If a tapered connector is provided at the expiratory portintended to be operated outside of its carrying case, plastic bag,
‘mounting bracket, etc., it shall meet the requirements specified

it shall be a 30 mm male conical connector or a 19 mm male"

conical connector in accordance with 1ISO 5356-1 and Speci'—n 7'3’_ 75,7.8.1,7.9, 7'10'1’_7'10:2’ and 7.10.3 as appro_priate,
fication E 1054. following the drop test described in A1.5.4. If the resuscitator

4.2.1 The connector shall incorporate a baulk, for example's intended for operation only inside its carrying case, it may be

ridges in the internal lumen of the connector, so that it canno%O tested, but the case shall be open and in its *ready-for-use

accept a 22 mm male conical connector as specified in Isaondition.
5356-1 and Specification F 1054. 5.4.2 Mechanical Shock Test for Resuscitator Fixtures that

are Mounted on Castors or on Wheels (See a#smex A3
Note 1—Such a baulk should not significantly increase the resistance—The resuscitator shall meet the requirements specified in 7.3,
to gas flow through the connector. 7.5,7.81,7.8.2,7.9,7.10.1, 7.10.2, and 7.10.3, as appropriate,

4.3 Face Mask Connectors (See alsmnex A3—If pro- after being tipped over from its normal operating position onto
vided with the resuscitator, face masks shall have either a 23 concrete floor as described in A1.5.5.

mm female connector or a 15 mm male connector that will 5.5 Immersion in Water (See alsénnex A3—After im-

mate with the corresponding connectors specified in |Sdnersiop in water by the ”.‘ethOd desc_ribed in A1'5'.§' th.e
5356-1 and Specification F 1054. resuscitator shall comply with the requirements specified in

: 7.3, 75, 781, 78.2, 7.9, 7.10.1, 7.10.2, and 7.10.3, as
4.4 Bag Refill Valve Connectors (See alsonex A9—If a appropriate.

conical connector is provided at the inlet port for the attach- 5.6 Bag Refill Valves (See alsdnnex A3—Bag refil

E:)ir:e%ft; b?gvzgml V:hs/gé;grzhfﬁ”\/\?itehihiz ZZLeg;]iﬁ;?:'lgﬁlvalves for use with operator-powered resuscitators shall not
P 9 9ag Yhave provisions for manual operation.

Al.1.
4.5 Bag Inlet Valve ConnectorsBag inlet valve connectors 6. Physical Properties
shall not be compatible with connectors dimensioned in 6.1 Size (See alsdnnex A3—The resuscitator, with a

accordance with ISO 5356-1 and Specification F 1054. container, if provided, shall pass through a rectangular opening
Note 2—For resuscitators intended for use in hazardous environments300 by 600 mm in size, in at least one position.
attention is drawn to CEN 148, a draft standard on threaded gas filter 6.2 Resuscitator Mass-Except for gas-powered resuscita-
connections. tors designed to be an integral part of a neonatal critical care
) ) system, the mass of the resuscitator container and contents
5. Operational Requirements (including any full gas cylinders) shall not exceed 18 kg.
5.1 General—ldeally, patient respiration through the resus- )
citator, that is, through connectors, the bag for hand-powered. Performance Requirements
resuscitators, and any filtration apparatus, should be obtained7.1 Supplementary Oxygen and Delivered Oxygen Concen-
within the inspiratory and expiratory resistance requirementsration:
given in this specification. All performance requirements in 7.1.1 Operator-Powered Resuscitators (See aldanex
this specification should be satisfied when the resuscitator i83)—When tested by the method described in A1.5.7 in
operated by one person, since frequently only one person wiliccordance with the requirements of this classification (see
be available to operate the resuscitator. This should be attai7-8.1), an operator-powered resuscitator shall deliver a mini-
able when the resuscitator is used with either a face mask or anum oxygen concentration of at least 40 % (V/V) when
artificial airway device. connected to an oxygen source supplying not more than 15
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L/min, and shall be capable of delivering at least 85 % (V/V)without the use of the override mechanism on any pressure-
(see Note 5). The manufacturer shall state the range dimiting system.

congentratlons at repr_esentatlve flows, fof examp!e’ 2 Limin, 4 Note 6—Resuscitators designed to deliver a tidal volume of 20 to 50
L/min, 6 L/min, 8 L/min, etc. If the resuscitator is intended to ., e usually suitable for use with neonates.

be hand-operated, only one hand shall be used to compress the . )
compressible unit, and the hand of the person carrying out the -8:2 Pressure Limitation (Operator-Powered Resuscita-

test shall not exceed the dimensions given in Fig. A1.2.  (0rS) (See alsannex A3 B _
7.8.2.1 For resuscitators classified for use with neonates and

Note 5—The 85 % (V/V) requirement may be accomplished with the jnfants, a pressure-limiting system shall be provided so that the
use of an attachment. airway pressure does not exceed 4.5 kR4¥ cmH,0) under
7.1.2 Gas-Powered Resuscitators (See afsmnex A3—  the test conditions described in A1.5.15.
When tested by the method described in A1.5.8, a gas-powered
resuscitator shall deliver an oxygen concentration of at least
85 % (V/V). If the resuscitator is capable of delivering other 7.8.2.2 If a pressure-limiting system is provided for a
oxygen concentrations, the manufacturer shall state the condiesuscitator classified for use with patients of over 10 kg body
tions under which the various concentrations may be deliverednass, the pressure at which it operates shall be stated in the
7.2 Resistance to Inspiration and ExpiratierSee the re- instruction manual (see 10.3.2cB( Any pressure limiting
quirement for information to be provided by the manufacturerdevice provided that it limits pressure to below 6 kP&60
under 10.3.2.3)). cmH,0), shall be equipped with an override mechanism. If
7.3 Expiratory Resistance (See alstnnex A3—In the  Provided with a locking mechanism, pressure override mecha-
absence of positive end-expiratory devices, and when tested ysms shall be so designed that the operating mode, that is, on
the method described in A1.5.9, the pressure generated at tRg Off, is readily apparent to the user by obvious control
patient connection port shall not exceed 0,5 kP& cmH,0).  Position, flag, etc.
(See also 10.3.2.3{)) Note 8—If the resuscitator is equipped with a pressure-limiting system,
7.4 Inspiratory Resistance (See alstnnex A3—When  there should be an audible or visible warning to the operator when the
tested by the method described in A1.5.10, the pressure at tipeessure-limiting system is operating.
patient connection port shall not exceed 0,5 kP& ¢mH,0) 7.9 Gas-Powered Resuscitators

below atmospheric pressure. (See also 10.3R)3( 7.9.1 Pressure-Limiting System (See aldonex A3—A

7.5 Patient Valve Malfunction (See al¢mnex AQ—When  ressure-limiting system shall be incorporated in gas-powered
tested by the method described in A1.5.11, the patient valve gggscitators. When the resuscitator is supplied with gas at the
the resuscitator shall not jam in the inspiratory position at atange of pressures specified in 10.5, the airway pressure shall
added input flow of up to 30 L/min when this flow is added in 15t exceed 6 kPa~60 cmH,0). An override mechanism shall
accordance with the manufacturer’s instructions. be provided to enable the operator to select a higher pressure.

7.6 Patient Valve Leakage—Forward Leakage (See alsqowever, automatic, pressure-cycled, gas-powered resuscita-
Annex A3—Where forward leakage is a design feature, itiqrs shall not be equipped with any type of override mecha-
shall be so stated in the instruction manual. nism. If provided with a locking mechanism, pressure override

7.7 Apparatus Deadspace (See algminex A3—When  mechanisms shall be so designed that the operating mode, that

tested by the method described in A1.5.12, the apparatyg on or off, is readily apparent to the user by obvious control
deadspace shall not exceed 5.0 to 5.5 % of the tidal VO'“”‘Bosition, flag, etc.

specified for the classification of the resuscitator (see 7.8.1).
7.8 Ventilation Performance Note 9—A setting for the pressure-limiting system higher than 6 kPa

7.8.1 Tidal Volume (See alsénnex A3—Resuscitators (=60 cmH,0) may be made available for certain patients, although the
o selection of such a setting requires medical advice.

intended for use W't_h infants a|_1d children up to 40 kg body Note 10—There should be an audible or visible warning to the operator
mass shall be classified according to the body mass range f@fen the pressure-limiting system is operating.

which they are suitable. This body mass range shall be derived

from a requirement for a tidal volume of 15 mL/kg body mass.
7.8.1.1 Resuscitators delivering a tidal volume of 600 mL~~ °

and over shall be classified as adult resuscitators. The tid galnstﬂ? l?jagk prgts)sgr_e 0;\12 Ig?f@ cmb,0) when tested by

volumes specified shall be delivered under the test condition € method described In AL.5.14.

listed in Table 1 using the methods described in A1.5.13, Note 11—Devices with fixed flows should be set to this value. Devices

Note 7—An override mechanism may be provided.

7.9.2 Inspiratory Flow—All gas-powered resuscitators shall
be capable of delivering 40 L/mit 10 % inspiratory flow

TABLE 1 Test Conditions

Inspiration: Expiration

I ) ) o )
Classification, kg Compliance, L/kPa Resistance, kPa/(L/s) Ratio + 20 % Frequency f = 10 % Tidal Volume (V7), mL
=5 0,01 40 11 60 20

>5 =10 0,1 2 1:2 25 150

>10= 40 0,2 2 1:2 20 15 x BA

>40 0,2 2 1:2 20 >600

ABody mass, in kilograms, stated by the manufacturer in the manual.
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with operator-adjustable flows should include this value in their range 08. Gas Supply

adjustment. 9.1 Gas Cylinders, Cylinder Valves and Yoke
7.9.3 Manually Cycled, Gas-Powered Resuscitaters Connections-If provided, gas cylinders, cylinder valves and
Manually cycled gas-powered resuscitators shall meet thgoke connections of the pin index type shall meet the require-
requirements specified in 7.1.2, 7.9.1, and 7.9.2 when tested ligents given in 1ISO 407.
the methods described A1.5.8, A1.5.13, A1.5.14, and A1.5.16. . . N )
. Note 15—Small cylinders with special fittings are frequently used in
7.9.4 Automatic Pressure-Cycled, Gas-Powered gpecia situations.
Resuscitators-Automatic pressure-cycled resuscitators shall o ) )
have positive cycling pressures in the range of 2 to 3 kP20( 9.2 Indication of Conpents—Each gas supplied at cylinder
to =30 cmH ,0) when tested by the method described inPressure shall be monitored by a cylinder pressure gage or

A1.5.17 (see also 10.1.1). contents indicator.
9.3 Captive Valve Key-If detachable, the hand wheel, key

Note 12—_A negative-pressure ph_ase may cause a d_ecrease in arter@g} other device shall be made captive by means of a retaining
oxygen partial pressure (pfor functional residual capacity (FRC). chajn or similar attachment capable of withstanding a static

7.9.5 Automatic Time-Cycled, Gas-Powered load of not less than 208 (20 kg) without breaking.
Resuscitators-Automatic time-cycled, gas-powered resuscita- 9.4 Connections for Compressed Gas (See afsmex
tors shall meet the requirements specified in 7.1.2, 7.8.1, 7.9.A3)—Gas connections between different gas services shall be
and 7.9.2, when tested by the methods described in Al.5.80ninterchangeable and shall not allow parts of the resuscitator
A1.5.13, A1.5.14, and A1.5.16. to be incorrectly connected. If the device has a threaded

7.9.6 Volume-Cycled, Gas-Powered Resuscitaters connection, it shall meet the requirements given in 1ISO 5359.
Volume-cycled, gas-powered resuscitators shall meet the re- Note 16—If provided, a press-fit connection should give an easy and

quirements specified in 7.1.2, 7.8.1, 7.9.1, and 7.9.2, wheRiable connection with 6 mm inside diameter elastomeric tubing.

tested by the methods described in A1.5.8, A1.5.13, A1.5.14, .
and A1.5.16. 9.5 Supply Pressures (See aldanex A3—When supplied

710 Demand Valves with gas at a pressure between 270 and 550 kPa '(see
10.3.2.30)), the resuscitator shall meet the general require-

Note 13—These devices are subject to the requirements of thiments and any specific requirements for the type of resuscitator
specification only when included as an integral part of a resuscitator. being tested, that is, automatically or manually cycled, speci-

7.10.1 Pressure for Initiation (See alsannex A3—When fied in Section . Testing shall be as described in A1.5.20.
tested by the method described in A1.5.18, the pressure drop
needed to initiate gas flow shall be no more than a negative 0.30. Information to be Supplied by Manufacturer
kPa &2 cmH,0). 10.1 Marking:

7.10.2 Peak Inspiratory Flow (See alsbnnex A3—When 10.1.1 Manufacturer's Warning (See alsdnnex A3—For
tested by the method described in A1.5.18.2, the minimunautomatic pressure-cycled, gas-powered resuscitators, the
peak inspiratory flow shall be 100 L/min for at least 10 s, at amtmanufacturer shall provide a warning on the resuscitator and
outlet pressure of no more than 0.8 kRa3(cmH,0O). the resuscitator case, and in the instructions for use shall be a

7.10.3 Termination Pressure (See alsAnnex A3—  warning that the unit is not designed to be used with closed-
Demand flow shall terminate either when the negative inputhest cardiac compression.
pressure equals atmospheric pressure or at a pressure §tateq WOTE 17—Where possible, simple operating instructions should be
the manufacturer, when tested by the method described ifoyided on the resuscitator or the container.

A1.5.18.3.
10.1.2 Range of Supply PressureShe range of supply
8. Resistance to Environment pressures through which the resuscitator will operate shall be
. . ... marked on the resuscitator.
8.1 Storage—The resuscitator and the resuscitator kit (if 151 3 Gas Source for Spontaneously  Breathing

provided) shall after storage at temperatures of - 40 atients—If suppli : .
J ; - pplied, the gas source supplying a spontane
and + 60°C and at any relative humidity betvy_een 40.and 95 0/"ously breathing patient, if it is other than the reservoir, shall be
meet the general requirements and the specific requirements fm‘

. . . dicated on the resuscitator.
the category of resuscitator being tested, that is operator- 10.1.4 Indication of Pressure-Limiting System Settinl
powered or gas-powered, etc., specified in Section 7.

. . the resuscitator is supplied with a pressure-limiting system set
8.2 Operating Conditions (See alsénnex A3—When 4 one fixed pressure, the nominal pressure setting at which the
tested by the method described in A1.5.19, the resuscitalQygtem js activated shall be marked on the resuscitator.

shall meet the general requirements and the specific require- 1 5 Training—The instructions provided shall include a
ments for the category of resuscitator being tested, specified Warning that the unit must only be used by persons who have
Section 7, throughout the temperature range from —18q6jyed training in resuscitation techniques.
to +50°C and a humidity range from 40 to 95% relative 10 3 |nformation to be Provided by Manufacturer in Oper-
humidity. ating and Maintenance Instructions

Note 14—Problems due to ice formation will occur during use at 10.3.1 Genera—The manufacturer shall provide instruc-
temperatures below - 4°C and may render the unit inoperable. tions for use and maintenance instructions. The size and shape
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of this (these) manual(s) shall be such that it (they) may beelationship. The manufacturer shall recommend a functional
enclosed within or attached to the resuscitator container. Thiest of operation to be carried out after reassembly,
instructions for use shall state that additional copies are 10.3.2.5 Recommendations for the preferred methods of
available on request from the manufacturer. cleaning and disinfection or sterilization of the resuscitator and
10.3.2 Contents—The manual shall be divided into sections its components,
to facilitate understanding of the instructions and shall include 10.3.2.6 A recommended functional test for operation to be
the following information: carried out immediately prior to use,
10.3.2.1 A warning that the resuscitator must be used only 10.3.2.7 A list of operator-replaceable parts,
by persons who have received adequate training. 10.3.2.8 Recommendations for frequency of approved or
10.3.2.2 Instructions on how to make the resuscitator operdactory service,
tional in all intended modes of operation. Note 18—If no service is required, this should also be stated in the
10.3.2.3 A specification detailing the following information: manual.
(a) (a) The body mass range for which the resuscitator is 10.3.2.9 Resuscitator flow capabilities (if gas-powered) at 2

suitable for use, and at 4 kPa<£20 and at=40 cmH,0) airway pressure,
(b) (b) Range of ventilatory frequency, 10.3.2.10 Recommendations for use in hazardous or explo-
(c) (c) Attainable delivery pressures, sive atmospheres, including a warning that if the resuscitator
(d) (d) Operating environmental limits, will entrain or permit the patient to inhale gas from the
(e) (e) Storage environmental limits, atmosphere, its use in contaminated environments may be
(f) (f) Delivered oxygen concentrations under various teshazardous unless entrainment is prevented. If applicable, the

conditions, manufacturer shall describe how to prevent such entrainment
(9) (g) Characteristics or dimensions, or both, of the gasOr inhalation, for example, by the use of a filter,

inlet connection, 10.3.2.11 Warnings that in the presence of high oxygen

(h) (h) Stroke-volume range for operator-powered resusci _concentrat.ions there is danger frc_)m smoking or open flames
tators, and that oil should not be used with the resuscitator,

(l) (i)ApparatUS deadspace (backward Ieakage and forward 10.3.2.12 Date of publication or revision of the manual, or
leakage, where appropriate), both,

() () Expiratory resistance and inspiratory resistance, and 10.3.2.13 Th_e approximate_duration of the gas supply,
any special fittings that impose such resistance expressed as time per litre cylinder volume when charged to

(k) (K) The value of end-expiratory pressure generated b)Ehe maximum nationally approved filling pressure and when

. ; ! he resuscitator is delivering a minute volume of 10 L/min (or
tzfg)e) resuscitator in normal use, if greater than 0,2 kP2 ¢mH the nearest setting to this) of at least 85 % (V/V) oxygen, and

. I .. the manufacturer’s elected value less than 85 % (V/V) oxygen,
meélrza\(r?is?:?g;giié?]e i;?r;ars];ure-llmnmg system and overndeif the resuscitator is so capable; and

" ! . . 10.3.2.14 The range of supply pressures with which the

proéirg)eémzheE);teeer:éigtrgrez;[soensar?; the resuscitator and, if oqscitator meets the applicable requirements specified in

; ) ) Section 7 and details of any necessary adjustments for particu-
(n) (n) Mass of the resuscitator and, if provided, the g, supply pressures.

resuscitator case.

10.3.2.4 Instructions for the dismantling and reassembly of.1. Keywords
components for cleaning and sterilization (if applicable). This 11.1 artificial breathing apparatus; intensive care equip-
shall include an illustration of the parts in their correct ment; medical equipment; resuscitators; specifications; tests

ANNEXES
(Mandatory Information)

Al. TEST METHODS
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Al.1 General Test Conditions

Al.1.1 The ambient temperature for the duration of the tests
shall be between 20 and 25°C, except where otherwise stated.
The relative humidity shall be within the range from 45 to
75 %, except where otherwise stated.

Al.2 (A2) Apparatus

Al.2.1 Typical test apparatus is shown in Figs. A1.1-A1.6;
alternative test apparatus of equivalent or greater accuracy may
be used (see Al1.3).

Al.2.2 (A2.1) Test Lung(see Figs. Al.4 and Al.5 for
examples), with appropriate compliance and resistance charac-
teristics (see Table 1).

Al.2.3 (A2.2)Resistorsif not provided with the test lung.

Al.2.4 (A2.3)Pressure, Flow, and Volume-Measuring and
Recording Apparatysincluding a pneumotachograph.

Al1.2.5 (A2.4)Temperature-Measurement Apparatus

Al1.2.6 (A2.5) Deadspace-Measurement Appargtuysee
Fig. A1.3 for typical example).

Al1l.2.7 (A.2.6)Negative Pressure Generatdsee Fig. A1.6

185

105

Distal skin r'encs/

for typical example). . Dimensions in millimetres
Al1.2.8 (A.2.7) Graduated Cylinder of at least 200 mL FIG. A1.2 Maximum Hand Dimensions
capacity.

Al1.2.9 (A.2.8)Oxygen Analyzer

Al1.2.10 (A.2.9)Water Reservojrminimum 1 by 1 by 1 m.

Al.2.11 (A.2.10)Template 300 by 400 mm.

A1.2.12 (A.2.11)Compressed Air Sourceapable of vary- :
ing over the range from 270 to 550 kPa, and of producing qloﬁvlfiéz fEﬁﬁ.é%nguLt;mm.Sourcecapable of producing
flow rate from 5 min to 60 L/min. Al1.2.16 (A.2.15)Gas Sourcgcapable of varying through

Note A1.1—This apparatus is only required if the resuscitator usesthe range of pressures from 270 to 550 kPa.
compressed air within the stated pressure ranges during normal operation.

Note Al.2—Flow rates exceeding 60 L/min may be required if the A1.3 (A.3) Test Apparatus Tolerances
resuscitator is capable of flow rates exceeding 60 L/min (see A1.5.16). A1.3.1 Test apparatus shall have the following minimum

Al1.2.13 (A.2.12) Environmental Chambercapable of tolerances:
maintaining temperatures from -40 1°C to +60+ 1°C and A1.3.1.1 (A.3.1) Oxygen Analyzer*1% (V/V) of the
relative humidity from 40 to 95 % for periods of up to seven concentration being measured with a response time of greater
days. than 90 % in 10 s.

Al1.3.1.2 (A.3.2)Compliances-*+5 % of the required com-
pliance value throughout a range of inspiratory phase times
- from 0.5 D 6 s (see Annex A3).

11 20,005 B R L R, A1.3.1.3 (A.3.3)Pressure, Flow, and Volume+2.5 % of
30,005 1300005 the reading plus-2.5 % of the full scale reading. The reading

' accuracy of the associated recording device shall be maintained
at a frequency of up to 10 Hz.

Al1.3.1.4 (A.3.4)Resistances-+20 % for linear resistances
and=10 % for parabolic resistances within the designated flow
range (see Annex A2).

A1.3.1.5 (A.3.5)Temperature Measurement=0.5°C.

Al.2.14 (A.2.13)Oxygen Supplycapable of varying over
the range from 270 to 550 kPa and of producing a flow rate of
at least 30 L/min.

—

L

i

®32,224 20005 |

Al.4 (A.4) Conditioning and Reference Conditions

Al1.4.1 (A.4.1) Conditioning of Resuscitator and Test
Apparatus—Unless otherwise specified in particular tests,
place the resuscitator and test apparatus in the test location and
allow sufficient time for the resuscitator and apparatus to reach

Dimensions in milimetres  equilibrium with ambient conditions.
Note 1—Basic taper is 1:28 on diameter. Al.4.2 (A.4.2)Reference ConditiorsCorrect all test read-
Note 2—Engagement is 9.5 nom. ings to the reference conditions of ATPD (20°C, 1 atm, 0 %
FIG. A1.1 32-mm Ring and Plug Gages relative humidity).

@ 31,83+ 0,005
®31,775 20,005

t%u”

13;01
oo

WU e

20X
oo
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Dimensions in mdiimetres
|
—_— (Vo)

O Z
~ )

o P

’ 72 Test connector for Vg (o, test
Resuscitator being testec ifor 1 . test
Pressure gauge
Oxygen analyser
22 mm female socket U Ball valve

100% (V)0

& :
~—%W0; {><}—\< V
Tap /v\ ~—

IQ Respirometer
exp.

:

Gauge for measuring tidat volume. Yy

Class pottlz. 25 110 33!

e J / Lztex baloon approx, 10 (Peman< 2kpa)

) e ) S—— /
\ / Water for adjustment of compliance

Dimensions in millimetres

FIG. A1.3 Test Setup for Measuring Total Apparatus Deadspace

Al.5 (A.5) Procedures Al1.5.3.1 (A.5.3.1)Test Material—Simulated vomitus, pre-
Al15.1 (A.5.1)Bag Refill Valve ConnectorsUsing a 32 pared by mixing two parts of baby meal beef with vegetable

mm gage (see Fig. Al.1), measure the internal and externgi€al and one part water.

diameters of the connector. Al1.5.3.2 (A.5.3.2)Procedure—Warm the simulated vomi-
Al1.5.2 (A.5.2) Dismantling and Reassembierify by  tusto 37+ 3°C and pour 175 mL into the patient connection

inspection of the resuscitator and accompanying documentort while cycling the resuscitator at a rate of 30 breaths per

that a functional test has been provided to test operation afteninute for resuscitators suitable for use with patients of a body

reassembly. mass up to 10 kg, and at a rate of 12 breaths per minute for all
Al1.5.3 (A.5.3) Valve Function After Contamination with other models. Perform this test with the resuscitator connected

\Vomitus: to the test lung (see A1.2.2). Continue to cycle the resuscitator
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Al1.5.7 (A.5.7)Supplementary Oxygen and Delivered Oxy-
gen Concentration-Connect the resuscitator to the test lung
Resuscitator (see Al1.2.2) set at C20 and R20 characteristics. Connect an
oxygen analyzer (see Al.2.9) at a site in the compliance
chamber as far away as possible from the patient connection
port. Ventilate the test lung at a frequency of 12 breaths per
minute and a tidal volume of 600 mL. Introduce input oxygen
flows of no more than 15 L/min. Continue this procedure until
a stable value for oxygen concentration is achieved. Use only
one hand to compress the compressible unit (see Fig. Al.2 for
A Flowmerer maximum allowable hand dimensions).

Al1.5.8 (A.5.8) Delivered Oxygen Concentration for Gas-
Powered Resuscitators:

A1.5.8.1 Connect the resuscitator to the test lung (see
Al.2.2) set at C20 and R20 characteristics. Connect the oxygen
analyzer (see A1.2.9) at a site in the compliance chamber as far
Modei resistance away as possible from the patient connection port. Ventilate the
(RS0 R 10000 test lung at a frequency of 12 breaths per minute and a tidal
------ volume of 600 mL. Continue this procedure until a stable value
""" for oxygen concentration is reached. Confirm that the resusci-

tator delivers an oxygen concentration of at least 85 % (V/V).
Thermorater If the resuscitator is capable of delivering other oxygen
concentrations, arrange the resuscitator as recommended by the

—Cooper wire manufacturer and confirm that the oxygen concentration deliv-
" ‘ ered to the test lung is within the range given by the
/ ocel comphance

—__ —as—— Pressure 130ping point

| ——Rigid wbing
¢int. 22mm

~

{C 110 C 501 manufacturer.
A1.5.8.2 Repeat the whole procedure using the test lung set
I , at C50 and R5 characteristics.
st Pressure tadoing oot A1.5.8.3 Perform both tests at the maximum and minimum
flow settings recommended for the resuscitator.

A1.5.9 (A.5.9)Expiratory Resistance:

A1.5.9.1 For resuscitators suitable for use with patients with
a body mass of up to 10 kg, connect the patient connection port
to the air source and introduce air at a flow rate of 5 L/min.
Record the expiratory pressure generated at the patient con-

for 30 s. Clear the resuscitator of the mixture according to th('ef]eCtlon port.

manufacturer’s instructions and verify the resuscitator’'s per- AL.5.9.2 For all other resuscitators, connect the patient
formance. connection port to the air source and introduce air at a flow rate

of 50 L/min. Record the pressure generated at the patient

Note Al.3—Some of the test solution may spill over when poured into connection port.
the patient connection port. A1.5.10 (A.5.10)Inspiratory Resistance:

A1.5.4 (A.5.4) Drop Test—Drop the resuscitator from a  Al1.5.10.1 For resuscitators suitable for use with patients
height of at leals1 m onto a concrete floor in the worst case With a body mass of up to 10 kg, connect the patient connection
orientation. For the purposes of this test, the resuscitator shaort to a vacuum source producing an air flow rate of 5 L/min.
be a complete unit, including the face mask, valve, hoseRecord the inspiratory pressure generated at the patient con-
regulator and cylinder, as appropriate. If the resuscitator kinection port.
includes a cylinder, perform the test with the cylinder empty. A1.5.10.2 For all other resuscitators, connect the patient

A1.5.5 (A.5.5) Mechanical Shock Test for Resuscitator connection port to a vacuum source producing an air flow rate
Fixtures that are Mounted on Castors or on WheeRlace the of 50 L/min. Record the inspiratory pressure generated at the
resuscitator in its recommended operating position. Tip thépatient connection port.
resuscitator over in its worst case orientation. This test shall A1.5.11 (A.5.11)Patient Valve Malfunctior-Connect the
only be performed once. resuscitator to the test lung (see A1.2.2) set at C20 and R20

Al1.5.6 (A.5.6)lmmersion in Water-Arrange the resuscita- characteristics. Ventilate the test lung at a frequency of 12
tor in its ready-for-use condition, that is, gas on, gas off, etcbreaths per minute and a tidal volume of 600 mL. Using the
and drop it from a heightfal m into the water reservoir (see oxygen supply (see Al.2.14), pass oxygen, as recommended by
A1.2.10). Take the resuscitator out after 10 s and shake out tHbe manufacturer, at a flow rate of 30 L/min. Verify that the
water for not more than 20 s. Begin ventilating the test lungvalve does not jam in the inspiratory position.

(see Al.2.2) immediately. Al1.5.12 (A.5.12)Apparatus Deadspace:

W]

)
Q0
QQQQOOIOQ%%

{

b

(0000

FIG. Al.4 Representative Passive Test Lung System
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Tidal volume reading

SN

mpliance-setting sprin
3 Comp g 9

NN
N

Bellows, or expansizie element

l

H

M
W

|

Calibratez resistor

Spontaneous
breath generator

Demand valve

Resuscitator
uncsr test

Pressure tapping point {alveolar pressure, p,!

Pressure tapping (airway pressure, ;)
FIG. A1.5 Example of Active Test Lung System

|=®———— Pneumotachograph (0 I/min to 150 I/min)

Negative pressure gauge

[Poeg for —1 kPa to 0 kPa (= =10 cmH,0 to 0 cmH,01]

Preg.i controlled by regulator ————fg

Regulator /

% ]
V777

N

Negative pressure generator
[— -—9
L}

Set ppeq by adjusting regulator

< L 4 < @d— input pressure, p;, 270 kPa to 550 kPa

FIG. A1.6 Example of Test Apparatus for Testing Demand Valves (Threshold and Peak Flows)

A1.5.12.1 (A.5.12.1Principle—Ventilation by the resusci- as tracer gas. Calculation of the total deadspace of the
tator of a “bag-in-bottle” reservoir with 100 % (V/V) oxygen

10
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resuscitator from the volume of ventilation and the oxygendimensions). Perform these tests without the use of an override
concentration of the inspired gas captured inside the bag. mechanism if one is provided.

A1.5.12.2 (A.5.12.2)Preparation of Apparatus Prior to A1.5.14 (A.5.14)Inspiratory Flows—Connect a flowmeter
Testing ResuscitaterSet up the deadspace-measurement apwith an upstream flow regulator to the patient connection port
paratus (see Al1.2.6 and Fig. A1.3). Close the tap to the oxygelsy means of a 22 mm hose incorporating a pressure gage.
analyzer (see A1.2.9). Open the ball valve. Connect th@®perate the resuscitator and adjust the flow regulator to give an
resuscitator and ventilate until the balloon fills the bottleoutput pressure of 2 kPa=@0 cmH,0). If appropriate, adjust
completely and is pressed against the inner walls. Close thgée regulator flow setting to give 40 L/mirt10 % while
ball valve. Open the oxygen analyzer tap. Open the flowmetemaintaining the output pressure at 2 kPa20 cmH,0).
and fill the bottle with 100 % (V/V) oxygen. Close the oxygen Confirm that the required flow is achieved.
flowmeter when the pressure gage reads approximately 1 kPaa1.5.15 (A.5.15) Pressure Limitation (Operator-Powered
(=10 cmH0). Resuscitators):

Al1.5.12.3 Connect the 22/15 mm test connector to the 22 a1 5 15.1 For resuscitators classified for use with patients

mm female socket and supply the appropriate flow of atmoyp to 10 kg body mass, occlude the patient connection port and,

spheric air to the side nipple (see Table Al1.1). . using the compressed air source (see Al.2.12), pass air at a
A1.5.12.4 Open the ball valve, whereby the expiratoryfiow rate of 15 L/min through the pressure-limiting system.
flowpath is flushed with 100 % (V/V) oxygen. Record the pressure at the patient connection port.

A1.5.12.5 Ventilate the lung by covering and openingthe 10 A1 5152 For resuscitators classified for use with patients

mm diameter hole with a finger. Hold the tidal volume constantys oyer 10 kg body mass and equipped with pressure-limiting

by means of the respirometer and pressure gage. The numbergfsiems, occlude the patient connection port and, using the

ventilating cycles is given in Table Al.1. compressed air source (see Al1.2.12), pass air at a flow rate of
A15.12.6 Close the ball valve and open the analyzer tapsy | /min through the pressure-limiting system. Record the

Adjust the 100 % (V/V) oxygen flow to approximately 5 j.occire at the patient connection port.

L/min. Record the reading for the oxygen concentration in thé) A1.5.16 (A.5.16)Pressure-Limiting System (Gas-Powered

bag,F oz ag Of the oxygen analyzer. Close off the oxygen flow Resuscitatos—Follow the method described in A1.5.14, sub-

when the pressure gage reads 1 kRPa@ cmH ,0) again. N . : :
4 . tituting flows of 60 L/min or the maximum flow delivered by
A1.5.12.7 Determine the internal deadspace of the te e resuscitator, whichever is greater.

apparatus for every combination of test parameters used. . .
: . A1.5.17 (A.5.17) Pressure-Cycling System (Automatic,
A1.5.12.8 The apparatus is now ready for testing the resu%ressure-c§/cled C)Sas-Poweredy Resgusci){a E))r(mect the

citator. itator to th iate test | A1.2.2 and Fi
Al1.5.12.9 (A.5.12.3)Procedure—Test the resuscitator us- fsjsg'n% (XlOS r?aa'l?]pr?cﬁgacﬁa?;ct(:rn%éseetated -'n ?rr;bleI?LS.
ing the same procedure as described for the test connector (58(3—5' -5) Ving IStiEs s ! : :
perate the resuscitator and record the pressure at which the

Al1.5.12.2). . e L
A1.5.12.10 (A.5.12.4Fxpression of ResultsCalculate the resuscitator cycles from inspiration to expiration.
A1.5.18 (A.5.18) Peak Inspiratory Flow and Flow

system deadspace (that is, with test connection) using the .
fgllowing equa?ion: ( ) g Threshold—Connect the demand valve to be tested as shown in

— Fig. A1.6 and carry out the test procedure described in
Vi oy zbadtEStCONNCHON 7 A15.18.1 and A1.5.18.2.
e 9 A1.5.18.1 (A.5.18.1Flow Threshole—Adjust the regulator
Note Al.4—The apparatus should be so designed that, ...~ 20  that controls the negative input pressupg.q ; and note the
mL or less. The oxygen analyzer should be calibrated to read 21 % witlneading on the negative pressure g&gat which output flow
atmospheric air and be accurate to withid % (V/V) oxygen. is initiated.
thg?cl)lcltcl)l\zitre];heeqigﬁiﬁtus deadspace of the resuscitator being tested usinh1 5 18.2 (A.5.18.2Peak Flow—Set the negative pressure,
Pred0 0.8 kPa by adjusting the regulator that controls the
v _Fozpag =\, negative input pressurp,., ; Verify that the output flowg, ,,
Deystem™ 79 T Doystem is 100 L/min for at least 10 s.
A1.5.13 (A.5.13)Tidal Volumes—Connect the resuscitator ~ A1.5.18.3 (A.5.18.3)low Terminatior—Adjust the regula-
to the appropriate test lung (see Al.2.2 and Figs. Al.4 antbr that controls the negative input pressupg.q until the
A1.5) having the characteristics stated in Table 1. Measure theutput flow,q, ., is 5.0 L/min. Gradually decrease the negative
volume (see Al.2.4). Use only one hand to compress thaput pressure until flow terminates, and record the reading on
compressible unit (see Fig. A1.2 for maximum allowable handhe negative pressure gade,at which this occurs.

21

TABLE Al.1 Test Parameters

. i i i Test Flow for
Tidal Volume (V5), Compliance, C Expiratory Resistance, Rey, Internal Test Cycles
mL mL/kPa (mL/cmH,0) kPa/(L/s) (cmH,0/(L/s)) Deadspace, L/min
600 200 (20) 0,5 (%) 30 >15
100 100 (10) 2 (20) 5 >50

11
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A1.5.19 (A.5.19)Operating Conditions: At the end of this period, return the resuscitator, within 5

A1.5.19.1 (A.5.19.1)General—Following completion of min, to an ambient temperature between 18 and 22°C. Alloy
each phase of the test, operate the resuscitator under thige resuscitator to stabilize for at least seven days.
conditions described in the general requirements and also At the end of this period, operate and test the resuscitator.
under the specific conditions for the category of resuscitator (A.5.19.2.3) Place the resuscitator in the environmental
being tested, that is, gas-powered volume-cycled, handshamber at+ 60°C and at 40 to 70 % relative humidity for a
powered, etc., specified in Section 7. period of not less than seven days.

A1.5.19.2 (A.5.19.2Procedure: At the end of this period, return the resuscitator, within 5

Note A1l.5—In each of the operational tests given, the resuscitatormm’.to amb_le_nt conditions of 18. to 22°C ar_lq 40 to 70 %
should be operated continuously for a period of at least 10 min. ;eels‘gxedg;;mdlty' Allow the resuscitator to stabilize for at least

A1.5.19.3 (A.5.19.2.1) Prepare the resuscitator in accor- At the end of this period, operate and test the resuscitator.
dance with the general requirements. Place the resuscitatorplace the resuscitator in the environmental chamber set
system in the environmental chamber (see A1.2.13) set at 50°&t — 18°C for 4 h.
and at least 95 % relative humidity. Maintain these conditions At the end of this period, operate and test the resuscitator.
for no fewer than 4 h. Once testing has been completed, return the resuscitator to

At the end of this period, operate and test the resuscitatorambient conditions of 18 to 22°C.

Once testing has been completed, return the resuscitator, Within 5 min, operate and test the resuscitator.
within 5 min, to an ambient temperature between 18 and 22°C. A1.5.20 (A5.20)Supply PressuresConnect the resuscita-
Allow the resuscitator to stabilize for at least 4 h. tor to the gas source (see A1.2.16) and test its performance at

At the end of this period, operate and test the resuscitatorsource pressures of 270 and 550 kPa using the test methods

A1.5.19.4 (A.5.19.2.2) Place the resuscitator in the environdescribed for the general requirements and any specific re-
mental chamber set at — 40°C for a period of at least sevequirements for the type of resuscitator being tested, that is,
days, or until the resuscitator stabilizes. automatically or manually cycled, specified in Section 7.

A2. COMPLIANCES AND RESISTANCES REQUIRED TO SET UP TEST LUNG

TABLE A2.1 Required Compliances

Compliance, C

Classification”

mL/kPa mL/cmH,0
C 508 500 (50)
C20 200 (20)
Cc10 100 (10)
C1 10 (@)

“The classification was originally based on conventional centimetres of water.
BNot used in test procedure.

TABLE A2.2 Required Resistances

Resistance Range of Air Flow?
Classification® Linear, R Parabolic®, Re (for linear or parabolic
kPa/(L/s) [cmH,0/(L/s)] kPa/(L/s) [cmH,0/(L/s)] resistances) is
R5 0.5 [5] 0.77 [7.7] 0to2
R 20 2 [20] 0.56 [5.6] 05to 1
R 507 5 [50] 0.39 [3.9] 0.251t0 0.5
R 400 40 [400] 0.14 [1.4] 0.05 to 0.075

AThe classification was originally based on conventional centimetres of water.

BThe tolerances for the flow range values are +20 % for linear resistances and = O« for parabolic resistances.

CThe values for parabolic resistances refer to the nominal inside diameter in millimetres sharp-cornered orifices needed to achieve these resistance values. Other
geometric shapes may be used, for example, thicker orifices with rounded corners, but nominal diameters would be different.

PNot used in test procedure.

12
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A3. RATIONALE STATEMENT

A3.1 This annex provides a concise rationale for the A3.1.11 (7.1)Size—Resuscitators may be required where
important requirements of this specification and is intended foaccess to patients is difficult, such as in crawl spaces and
those who are familiar with the subject of the specification buthrough manholes.
who have not participated in its development. An understand- A3 1.12 (8.1.1) Operator-Powered Resuscitaters
ing of the reasons for the main requirements is considered to %though 40 % (V/V) oxygen concentration is adequate under
essential for its proper application. Furthermore, as clinicakyme circumstances, 85 % (V/V) or higher oxygen concentra-
practice and technology change it is believed that a rationalg,ns are preferable for the treatment of severely hypoxemic
for the present requirements will facilitate any revision of thepatients during resuscitation. This concentration should be
§pecification necessitated by those developments. The Clausgaqievable at supplementary oxygen flows of 15 L/min or less
in this annex havg .bee'n SO numbered to correspond to.ﬂ}?ecause to specify greater than 15 L/min would exceed the
_clauses in the specn‘lcatlon_ to which they refer. The numbe”nglormal calibration of standard, clinically used flowmeters for
is, therefore, not consecutive. adult use and could potentially lead to inaccurate control of

A3.1.1 (5.1)Patient Connection Port-The patient connec- oxygen flows and jamming of the patient valve in the inspira-
tor dimensions permit connection to standard 15 mm tracheabry position.
tube connectors (see ISO 7228) and face masks having a 2253 1 13 (8.1.2)Gas-Powered Resuscitaterigh oxygen
mm female connector or a 15 mm male connector. concentrations are important in resuscitating patients who are

A3.1.2 (5.2) Expiratory Port for Breathing GasesThe  extremely hypoxemic. Lower percentages of oxygen will
exhaust connection described is that used for connection to th@ngthen the duration of oxygen supply. The performance of
transfer tubes of anesthetic gas scavenging systems. It g entrainment* mixing” devices is influenced by the flow

essential that breathing system conical connectors are N@hitings of the resuscitator and the compliance and resistance of
compatible with this port. It is also important that the exhaust,q patient.

port be designed such that it cannot be confused with the A3.1.14 (8.3)Expiratory Resistance-To facilitate exhala-

inspiratory port during use of the resuscitator. . . . L
A3.1.3 (5.3)Face Mask Connectorslt is important that tion, expiratory resistance should be minimized unless there
T : Qe special clinical indications to impose such resistance.

resuscitator face masks should be generally interchangeable. , ) .
A3.1.15 (8.4)Inspiratory Resistanee-The design of a re-

A3.1.4 (5.4)Bag REefill Valve ConnectorsThe size of this itator should b h that it i ible for th tient t
connector is chosen to prevent the accidental fitting of deman@uscI ator should be such that it 1S possible for the patient to
reathe spontaneously without excessive subatmospheric pres-

valves with manual controls. sure when the resuscitator is applied to the patient’s airway but
A3.1.5 (6.2) Dismantling and ReassembiWrongly as- is not activated by the operator.

sembling a resuscitator so that it causes incorrect operation Or ) )
complete malfunction is a serious hazard that may result in A3.1.16 (8.5)Patient Valve Malfunctioa-Valve malfunc-
inadequate ventilation of the patient. tion or jamming in the inspiratory position at high supplemen-

A3.1.6 (6.3)Patient Valve Function After Contamination t&ry oxygen flows may lead to failure of the resuscitator and
with Vomitus—It is important that vomitus can be quickly and transmission of excessive pressures to the patient. Resuscita-
effectively cleared from a resuscitator so that resuscitation caff"s are commonly used at oxygen input flows of 15 L/min, but
be continued with a minimum of interruption. flowmeter valves are often capable of permitting flows of over

A3.1.7 (6.4.1)Drop Test—It is important that resuscitators 30 L/min. It is essential to follow the manufacturer’s instruc-
can withstand severe shock caused by falls from ambulancel"S and to use only attachments recommended for use with
hospital beds, etc. the resuscitator.

A3.1.8 (6.4.2)Mechanical Shock Test for Resuscitator Fix- A3:1.17 (8.6)Patient Valve LeakageForward leakage If
tures That are Mounted on Castors or on Whee@astor- forward leakage is a design feature of a resuscitator, it should
mounted or wheeled resuscitators may be tipped over either de disclosgd so that the user does not confuse this leakage with
the way to or during a resuscitation. This should not render th@ Malfunction.
unit inoperative. A3.1.18 (8.7)Apparatus Deadspaeelt is essential to mini-

A3.1.9 (6.5)Immersion in Water-Resuscitators are often Mize apparatus deadspace in order to limit rebreathing of
used in areas where the device may be inadvertently droppeakpired gases.
into water during the resuscitation. If the unit is recovered A3.1.19 (8.8.1)Tidal Volume—For adult ventilation a typi-
quickly from the water, it should still function. cal tidal volume is approximately 600 mL. The compliances

A3.1.10 (6.6)Bag Refill Valves-It is imperative that de- and resistances listed in Table 1 are representative of the
mand valves with manual controls are not accidentally substipossible compliances and resistances found in adults and
tuted for bag refill valves. Demand valves are capable of higlthildren needing resuscitation. The tidal volume requirements
gas flows that may cause resuscitator patient valves to jam. of 15 mL/kg are higher than normal and are commonly used
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during resuscitation to allow for mask leakage. The ventilatoryphase should not be used as it is associated with a fall in
frequencies are typical values used in pediatric and adulunctional residual capacity (FRC) and arterial oxygen partial
resuscitation. pressure (p9.

A3.1.20 (8.8.2) Pressure Limitation (Operator-Powered  A3.1.25 (8.10.1Pressure for Initiatior—It is important that
Resuscitators}-Experience with infant resuscitation suggeststhe patient should not have to generate large amounts of
that a maximum inspiratory pressure of 4.5 kkalb cmH,0O)  negative pressure to initiate gas flow from the demand valve in
will not produce lung damage and will permit adequate tidalorder to minimize respiratory work. A negative pressure
volumes in most patients weighing under 10 kg. of — 0,2 kPa &-2 cmH,0) is physiologically acceptable.

A3.1.21 Pressure-limiting systems are not specified for A3.1.26 (8.10.2)Peak Inspiratory Flow—Peak flows as
operator-powered resuscitators designated for use with patientsitined in A3.1.26 are necessary in order to satisfy the
weighing over 10 kg. However, it is essential that resuscitatorinspiratory needs of the typical patient; large amounts of
with such systems satisfy the tidal volume requirementsiegative pressure should not be required to generate these
specified in this specification (see Table 1) without the use oflows as it would cause fatigue in a spontaneously breathing
any override mechanism. When airway pressure is limited tgatient.
below 6 kPa £60 cmHO), it was felt that an override A3.1.27 (8.10.3)Termination Pressure-Positive pressure
mechanism is essential in order to ventilate those patients witimdicates that adequate tidal volume has been delivered. When
low lung compliance or high airway resistance, or both. the pressure becomes slightly positive it indicates that the

A3.1.22 (8.9.1)Pressure-Limiting Systemlt is essential patient should be allowed to exhale and hence flow should
that maximum delivery pressure is limited on all gas-poweredstop.
resuscitators. Airway pressure at 4.5 kPa4db cmH,0O) was A3.1.28 (9.2)Operating Conditions-Resuscitators can be
considered adequate for ventilation of the lungs, but unlikely taexpected to be exposed to the temperature extremes outlined in
produce barotrauma. The selection of higher settings foB.2 since such temperatures frequently occur throughout the
difficult clinical problems necessitates risk of barotrauma.  world in environments where resuscitators are used.

A3.1.23 (8.9.2)inspiratory Flow—To minimize the risk of A3.1.29 (10.4) Connections for Compressed GaH is
gastric distension, 40 L/min is considered to be the maximunessential to be easily able to connect resuscitator oxygen
flow that should be used when resuscitating with a mask. Thitubing, for example, while the resuscitator is in use.
is in accordance with the recommendations of the American A3.1.30 (10.5) Supply PressuresThe range of supply
Heart Associatioff,and these recommendations are generallypressures reflects the variety of pressures used internationally
accepted worldwide. Higher flows may be used with intubatedind the tolerances of pressure-regulating systems.
patients because of the decreased risk of gastric distension. A3.1.31 (11.1.1)Manufacturer's Warning-These resusci-

A3.1.24 (8.9.4)Automatic Pressure-Cycled, Gas-Poweredtators are unacceptable for use during closed chest cardiopul-
Resuscitators-It is required that pressure-cycled resuscitatorsmonary resuscitation because the increased intrathoracic pres-
meet the performance requirements of this specification, bugure caused during chest compression causes the resuscitator to
they are of limited use on patients with poor lung compliancecycle from the inspiratory mode to the expiratory mode prior to
or high airway resistance, or both, because the cycling pressueslequate ventilation of the lungs.
is achieved without adequate ventilation. A “negative” pressure A3.1.32 (11.3.2) Duration of Gas Supply (See

10.3.2.3(mp—Small, easily portable cylinders are commonly
used with resuscitators. It is important that the operator have
®“American Heart Association Standards for CPR and ECQpurnal of some idea of the duration of this size of oxygen supply under
American Medical Associatigrvol 25, No. 1, June 6, 1986. simulated conditions of use.

A4. MATERIALS

A4.1 Cleaning and Disinfection or Sterilization (See also because of corrosion during a period of twelve months after
A4.5)—Components that are subject to contamination shouldeing stored in accordance with the manufacturer's instruc-
either withstand the methods of cleaning and disinfection otions.
sterilization recommended by the manufacturer, or be labelled
“for single use only” (disposable). A4.4 Patient Valve Housing-The valve housing should be
constructed of materials such that the functioning mechanism

A4.2 Oxygen Compatibility (See also A4-5)All resusci- @ readily visible to the operator,

tator components should be compatible with and resistant t
ignition with oxygen concentrations and pressures to which the

component is exposed. A4.5 Rationale:

A4.3 Resistance to Corrosion and Deterioration (See also
A4.5) —Resuscitator performance should not be degraded
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A4.5.1 Cleaning and disinfection or sterilization Resuscita-may explode at higher pressures. Many materials, including
tors are likely to become contaminated by bacteria and foreigmetals, will not burn in air but may do so in pure oxygen,
matter during use. It is therefore essential that manufactureygarticularly under pressure. Materials may be ignited by the
recommend suitable methods of cleaning and disinfection ofriction of a valve seat or stem packing or by the adiabatic
sterilization. compression produced when oxygen at high pressure is sud-

A4.5.2 For many applications, cleaning and disinfectiondenly introduced into a system at low pressure. Therefore,
alone is adequate. However, in certain situations, the user maasily ignitable materials, such as some rubber and plastics,
require resuscitators that can withstand steam or ethylene oxiddould be avoided in valves and fittings, especially in high-
gas sterilization of the contaminated components. The usressure oxygen systems, unless tested or experience-rated for
should appreciate that some methods of disinfection anduch services. These conditions and requirement also apply to
sterilization may shorter the usable life of the resuscitator. the use of nitrous oxide.

A4.6 Oxygen Compatibility-Selection of materials for use ~ A4.7 Resistance to Corrosion and Deterioratierbince
in high oxygen concentrations, especially at elevated supplyesuscitators are often stored and used in the proximity of sea
pressures, involves consideration of both compatibility andvater, it is important that resuscitators are capable of meeting
ease of ignition. Materials that burn in air will burn violently in the performance requirements of this specification after being
high concentrations of oxygen at atmospheric pressure anased and stored in such an environment.

A5. FACE MASKS

A5.1 A face mask provided with or recommended for useminimizes leaks at the operating pressures and temperatures
with a resuscitator should comprise a body, a face seal, andspecified in this specification.

port to receive the patient connector of the resuscitator.
A5.4 The body of the mask should be transparent to allow

A5.2 If the face mask is constructed of more than one partthe operator to observe the patient's nose and mouth for breath

then the parts should be easily assembled and securely het@ndensation as evidence of breathing and also for the possible
together in use. appearance of vomitus. It is not intended that this specification

should prohibit the use of nontransparent or translucent masks.
A5.3 The face seal should be capable of providing a fit thatJnder certain circumstances, their use may be preferable.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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