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Standard Specification for
Electrically Powered Home Care Ventilators, Part

1—Positive-Pressure Ventilators and Ventilator Circuits 1

This standard is issued under the fixed designation F 1246; 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 epsilone] indicates an editorial change since the last revision or reapproval.

1. Scope beginning of the inspiratory phase time.

1.1 This specification covers all electrically powered lung 3-1.3 expiratory phase time, g/— interval from the start of
ventilators and ventilator circuits specifically intended for use€Xpiratory flow to the start of inspiratory flow. _
in the home environment, and marketed after the final date of 3:1.4 home care ventilater-ventilator intended for use in
approval for this specification. Breathing circuits intendedthe home environment. . .
specifically for use with home care ventilators are also included 3-1.5 home environmentthe patient's place of residence
within the scope of this specification. The application ofoutside t_he hospltal._Thls usually refers to the patient’s home,
critical care ventilators, anesthesia ventilators, emergency cafd/t may include nursing homes, and personal or other means of
transport ventilators, and resuscitators in the home envirorffansportation. _ _
ment is not covered by this specification. As well, this 3.1.6 inspiratory phase time, (J— interval from the start
specification does not cover high frequency ventilators off inspiratory flow to the start of expiratory flow.
external body ventilators. Part 1 of this specification addresses 3-1.7 maximum limited pressure, (R..,)—highest gage
positive pressure ventilators, and Part 2 addresses negatiPgessure that can be attained in the patient system during

1.2 The values stated in Sl units are to be regarded a¥echanisms. . .
standard. 3.1.7.1 Discussior—This term has not been changed in

1.3 The following precautionary caveat pertains to the tes@ccordanqe with I'SO 4135, however, the text is identical. The
method portion only, Section 6, of this specificatiofhis SO term is “maximum safety pressure.” _
standard may involve hazardous materials, operations, and 3-1.8 maximum working pressure, (R..)—highest gage
equipment. This standard does not purport to address all of th@réssure that can be attained in the patient system during the
safety problems associated with its use. It is the responsibilitjSPiratory phase when the ventilator is functioning normally.
of the user of this standard to establish appropriate safety and 3:1.8.1 Discussior-This may be limited by a controllable
health practices and determine the applicability of regulatoryVentilator mechanism to less th&

limitations prior to use. 3.1.9 patient connection poftthat opening at the patient
end of an expiratory valve unit; épiece fitting or a unidirec-
2. Referenced Documents tional valve to which may be connected either a tracheal tube
2.1 ASTM Standards: adaptor or a face mask angle piece.
F 1054 Specification for Conical Fittings of 15 mm and 22 3.1.10 patient systerr-that part of the gas system of a
mm Sized ventilator through which respired gas travels at appropriate
respiratory pressures.
3. Terminology 3.1.11 peak pressure-the maximum gage pressure
3.1 Definitions of Terms Specific to This Standard: achieved during the inspiratory phase time, with all pressure

3.1.1 breathing system-gas pathways in direct connection limiting mechanisms functioning.
with the patient through which intermittent or reciprocating gas 3.1.12 positive end-expiratory pressure (PEER)pressure,
flow occurs and into which a mixture of controlled composition patient system,R ) at the end of expiration, above ambient.
may be dispensed. 3.1.13 pressure, patient system J— pressure at a speci-
3.1.2 end-expiratory pressurepressure in the breathing fied point in the patient system.

system at the end of the expiratory phase time, prior to the 3.1.14 ventilator—a device capable of automatically main
taining or replacing a patient's entire pulmonary ventilation.

This specification is under the jurisdiction of ASTM Committee F29 on 3.1.14.1 Discussion-Conditions under which measure-
I 1Tl | IS U jurisaicti I .

Anesthetic and Respiratory Equipmentand is the direct responsibility of SubcommemS are 'T‘a‘?'e shall be gIV.en.. . .

mittee F29.14 on Ventilators. 3.2 Descriptions of Abbreviations Specific to This Standard:

Current edition approved April 15, 1991. Published June 1991. 3.2.1 C—indicates Comp”ance in units of mL/kPa (or
2 Annual Book of ASTM Standardgol 13.01.
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mL/cm H,0), for example, C 20=2.0 mL/kPa (20 mL/cm TABLE 1 Lung Model and Ventilator Settings For Use in Testing

HZO)' L. . ) . Compliance Resistance v Sft' Frec;u?ncy I.E Set
3.2.2 R—indicates resistance to flow in units of kPa/L/s (or m €
cm H,O/L/s), for example, R5 = 0.5 kPa/L/s (5 cm,®IL/s). c1 R 50 50 30 12
Cc 3 R 20 100 30 1:2
Note 1—In the interest of brevity and clarity, all other abbreviations Cc 10 R 20 300 20 1:2
have been provided in parentheses following the related term in 3.1. €20 R 20 500 20 12
C 50 R 5 1000 15 1:2

4. Performance Requirements

4.1 Power Sources provided)}—See 5.1.11.

4.1.1 Electrica—The ventilator shall continue to function 4.3.3 Delivered Volume- Interdependence of controls, see
within the manufacturer’s specifications at any control settings 1 1o ’

throughout a line voltage range of 90 to 130-V a-c, rms, and 4 4 Frequency
throughout a frequency range of 50 to 70 Hz. Testing shall be 4 4 1 peyices controlling ventilator frequency shall be ac-

in accordange with 6.1.1 and 6.1.2. ., curate to within one breath per minute .0 % of the setting,
4.1.2 An integral battery power source shall be providedyphichever is greater. Testing shall be in accordance with 6.2.3

that will activate automatically when line voltage conditions g4 Annex A1. (See also 5.1.14 and X1.2.7.)

fall below the range specified by the manufacturer. This power 4 4 7 Siapility of Control Setting-The ventilator controls

source shall maintain the performance of the ventilator withing, 41 ot vary more thart 10 % of the set value. Testing shall

the requirements of this specification for no less than 15 minge in accordance with 6.2.3 and Annex A1l (See also 5.1.15
Testing shall be in accordance with 6.1.2. (See also X1.2.2.)54 X1.2.7.)

4.1.2.1 Battery use event alarm (see 4.12.3). 4.4.3 Frequency Controls-Interdependence of control
4.1.2.2 External battery connections (if supplied) shall beynctions, see 5.1.16.
for a nominal 12-V d-c supply. (See also 5.1.7.) 4.5 Accuracy of Inspiratory Time Controls Calibrated or
4._2 Accuracy of Controls, Indicators, and Pressure Reliefyncalibrated with Associated Indicators (if provided)—
Devices Inspiratory time controls shall be accurate to withid0 % of
4.2.1 Calibrated Controls and Indicators-All calibrated  the set or indicated value. Testing shall be in accordance with
controls and indicators shall be accurate to withihO %. 6.2.4.

4.2.2 Pressure Controls, (calibrated, or uncalibrated with  4.5.1 Stability of Inspiratory Time Contro)sif provided)—
independent indicators} The actual pressure at the sensingThe inspiratory time controls shall be stable+d0 % of the
site (see 5.1.8) shall agree with the control setting withBh  set value. Testing shall be in accordance with 6.2.5 and Annex
cm H,O up to 30 cm HO andt 10 cm HO over 30 cm HO. A1, (See also 5.1.17 and X1.2.9.)

Testing shall be in accordance with 6.2.1. (See also X1.2.3.) 4.6 Inspiratory Flow Contro

4.2.3 Limited Pressure Relief Contrelsif the pressure in 4.6.1 Accuracy—If provided, peak inspiratory flow shall be
the breathing circuit reaches a level greater than the usualccurate to within=10 % of the set value over the range as
operator adjusted peak pressure, a pressure reduction meckgecified by the manufacturer. Testing shall be in accordance
nism shall activate within 3 s. This pressure reduction mechawith 6.2.3 and Annex Al. (See also 5.1.18 and X1.2.10.)
nism shall bring the breathing circuit to a predetermined 4.6.2 Stability—If provided, inspiratory peak flow shall be
baseline pressure equal to or less than the end-expiratogtable to within=10 % of the set value over the range as
pressure, but in no case shall this pressure be subatmosphedpecified by the manufacturer. Testing shall be in accordance
Alternately, the limited pressure relief mechanism may bewith 6.2.3 and Annex Al. (See also 5.1.18 and X1.2.10.)
activated without delay when the preset maximum limiting 4.7 Intermittent Deep Breath (Sigh) Voluméf provided,
pressure is reached. A coupled visual/audible alarm shall bgis feature shall be accuratetd0 % of the set value. Testing
activated in this event. The visual signal shall be retained wheshall be in accordance with 6.2.6. (See also 5.1.19.)
the pressure is reduced and shall require a manual reset. Testingt.8 Human Factors Requirements
shall be in accordance with 6.2.2. (See also X1.2.4.) 4.8.1 The markings of all controls and indicators shall be

4.3 Volume Controls- The actual minute or tidal volume legible from a distancefd. m by anoperator with 20/20 vision
delivered at the patient outlet of the ventilator shall be within (corrected if necessary), in an illuminance level of 215 Ix.

10 % of the control setting for calibrated controls or indicated 4.8.2 All controls shall be provided with some means to
setting for uncalibrated controls. If both a calibrated controlminimize the possibility of inadvertent control manipulation.
and indicator are used, both shall meet this requirement. 4.9 Fittings:

Testing shall be in accordance with 6.2.3, Table 1, and Annex 4.9.1 Fittings provided by the ventilator manufacturer, or
Al. (See also X1.2.5)) the breathing system manufacturer (if different).

4.3.1 Volume Stability— The volume delivered by the  4.9.1.1 For flow direction sensitive devices, the direction of
ventilator shall not vary by more thah10 % of the set tidal flow shall be permanently marked on the fitting. The fitting
volume or by more than=10 % of the expired volume when should be designed so that it cannot be installed in the reverse
tested as outlined in 6.2.3 and Annex Al using all powerdirection. Testing shall be in accordance with 6.3.1. (See also
sources as supplied by the manufacturer. (See also 5.1.10.) X1.3.1.)

4.3.2 Exhaled Volume Measurement Devices, (if 4.9.2 If there is a separate outlet for the spirometer on the



Ay F 1246

breathing tubes or the machine, the gas outlet leading to the 4.10.4 All breathing circuits complying with the require-
spirometer should be designed such that it cannot be connectatkents as outlined in this specification should be either marked
with the breathing tubes. (See also X1.3.2.) or labeled as complying with ASTM Specification F 1246.

4.9.3 If an ambient air inlet is fitted to the ventilator it shall  4.11 Provisions for Supplemental OxygefThe ventilator
not be a 15- or 22-mm male or female cone as defined ighall be capable of being provided with supplemental oxygen.
Specification F 1054, and it shall be clearly marked as “aifSee also 5.1.21.)
inlet.” Testing shall be in accordance with 6.3.2. (See also 4.12 Alarms—The following alarms shall be provided on all
X1.3.3) home care ventilators:

4.9.4 1f an expired gas outlet (other than an outlet for a 4.12.1 Breathing Circuit Alarm—The breathing circuit
spirometer) is fitted to the machine, it shall be designed in sucBjarm(s) shall respond within 15 s or two complete breath
a way that it cannot be easily connected to either 22-, 15-, ogycles of the ventilator if the breathing circuit is compromised
30-mm cones or sockets, or 22-mm internal diameter tubingyy disconnection. This alarm shall be activated withig0 %
Testing shall be in accordance with 6.3.3. (See also X1.3.4.)of the control setting. A means shall be provided to silence the

4.9.5 Gas Connections for Pressurized Gasdfthe device  gudible portion of this alarm. This period of audible alarm
has a threaded connector on a pressurized gas connectionsijfencing shall not exceed 60 s. (During this period of time the
shall be gas specific and non-interchangeable. If the ventilatajisyal alarm shall remain activated.) (See also 5.1.21 and
is capable of being independently connected to a gas piping1.5.1.)
system or cylinder, it shall have a permanently attached €GA 4 12 2 High Airway Pressure-Alarms for high airway
nut and gland No. 1240 (oxygen) fitting, if intended to bepressyre shall be provided. This alarm may function in any of
supplied with oxygen, or a CG¥#nut and gland No. 1160 (air) the following three ways:
fitting, if intended to be supplied with compressed air, or both 4 15 5 1 Upon reaching a preset pressure the ventilator may

fittings if both gases are used. Testing shall be in accordanc&ateau at that pressure or “dump’ to ambient pressure, and

with 6.3.4. , i then alarm on the next breath that meets or exceeds a preset
4.9.5.1 Small tubing connections, for example, 3- to 6-mm g e

(¥e- 10 %6rin.) inside diameter (ID) tubing for powering an 4 15 5 5 The ventilator may alarm on the second breath
exhalation valve and for proximal sampling of respired gase here the preset value has been met or exceeded, or

if provided, shall be so designed as to be non-interchangeab €4.12.2.3 The ventilator may alarm on each breath where the

ﬁ]r;gn;hee d ccijr:ngggor]reg?;:t Ssuzllll gg Icnl e:égorrg:;tzdw?; tgg't reset value has been met or exceeded. (See Fig. 1 and X1.5.2.)
PUTPOSE. g "7 4.12.3 The audible portion of this alarm may automatically

(See also X1.3.5.) : . .
4.10 Breathing Circuits, Generakn addition to the rel- reset, or may require manual resetting. However, the visual
’ ortion of this alarm shall only be provided with a manual

evant requirements set forth in 4.9 and 5.1.20, breathin . ;
esetting mechanism.

circuits and breathing circuit components either supplied by th .
manufacturer or recommended for use with a home care 4-12-4Battery Use Event Alarm-A coupled, audible (can-

ventilator shall comply with the following requirements: cellable), and visual event alarm shall be provided to indicate
4.10.1 Expiratory Resistanee-In the absence of expiratory when the ventilator has switched to the integral battery power

resistors or positive end-expiratory pressure devices, the preSoUrce. The visual alarm shall be automatically resetting only

sure drop at the patient connection port shall not exceed 5 chith. restc'Jrat.ion of external power. A non-cancellable aud_iblg
H,O at a flow of 50 L/min when spirometer or breathing advisory indicator other than the event alarm shall be periodi-

attachments specified by the manufacturer, or both, are usegf!!Y activated throughout the duration of integral battery
power supply use. A low battery audible and visual indicator

Testing shall be in accordance with 6.4.1. (See also X1.4.1.) . . X
4.10.2 Kinking and Occlusion of Tubing shall be enabled at all times. Testing shall be in accordance
A with 6.5.1. (See also X1.5.3.)

4.10.2.1Kinking—Tubing shall be sufficiently rigid (for . : , .
example, wire guarded or wound) or so constructed (for 4.13 Anti-Asphyxia Valves and Negative Pressure Relief

example, corrugated) as to minimize the possibility of kinking. Valves—If an anti-asphyxia valve or a negative pressure relief
Testing shall be in accordance with 6.4.2. (See also X1.4.2.)V@/Ve is provided separate from the spontaneous breathing inlet
4.10.2.2 Occlusior—The tubing shall be designed so as to valve, the ventilator or breat_hlng CIrCUIt,_ or bo_th_, shall provide
prevent occlusion when a 2.5-kg weight bears on a 5-cn@ Means for the patient to .|nhale ambient air in the event of
segment in the middle of a 1-m length of tubing. Testing shaliventilator failure. The cracking pressure of this valve shall be

be in accordance with 6.4.3. (See also X1.4.3.) The test {80 less than 3 cm of }0 and no greater than 10 cm 056,
passed ifAP is less than 10 cm HO. The resistance to flow shall not exceed 10 cm gDhper L/sec

4.10.3 All patient circuit components that are flow direction (Measured at the patient connection port). The function of the
sensitive shall be permanently marked with the direction offNti-asphyxia or negative pressure relief valve shall not be
flow and should be designed to minimize the risk of misas.compromised by the state of the power supply of the ventilator.

sembly. Testing shall be in accordance with 6.4.4. (See alsbesting shall be in accordance with 6.6.1. (See also X1.6.1.)
X1.4.4) 4.14 Electrical Safety

4.14.1 Accessory Outlets, (if provideg)Accessory outlets

3 Available from Compressed Gas Association, 1235 Jefferson Davis Highway,Sha”_ be separate!y fused in a circuit paraIIeI to the circuit
Arlington, VA 22202. providing the ventilator power.
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FIG. 1 Three Different Pressure Patterns That May Activate the Airway Overpressure Alarm

4.14.2 Battery Charging SystemsSee 5.1.23. 5.1.5 The ventilator shall be marked with the following:
4.14.3 Electromagnetic InterfereneeThe ventilator should Warning—Portable (external 115-V a-c) power supplies
meet the requirements of MDS-201See also X1.7.1.) should not be used to power the ventilator unless it is known by

4.14.3.1 Electrostatic Discharge-The ventilator should the user that the voltage variations from such a power supply
continue to function within the manufacturer’s specifications atare within the operating limits recommended by the manufac-
any control setting following exposure to contact electrostatidurer.
discharges between 2 and 8 kV and air discharges between 25.1.6 The periodicity of the integral power source use
and 15 kV applied using a probe that simulates electrostatimdicator, (see 4.1.2.1).
discharges from humans. The test discharges should be applieds.1.7 The exact range of voltages over which the ventilator
to the area of the ventilator most likely to conduct the dischargevill operate.
into the ventilator electric circuitry, for example, front panel 5.1.8 Where in the ventilator breathing circuit the pressure
controls or other conductive parts exposed to contact by théor each pressure control is sensed, (for example, ventilator
user. (See also X1.7.2.) output, patient, etc.).

. . 5.1.9 VWolume performance of the ventilator when tested in

5. Labeling and Product Marking accordance with 6.3.

5.1 The manufacturer shall provide the following informa- 5.1.10 The period of time during which the ventilator meets

tion: _ the volume control accuracy requirements of 4.3. The manu-
5.1.1 Intended environments for use (and recommendethcturer shall disclose upon request the method of statistical
power supply or power supply limitations). analysis used to support the disclosed value.

5.1.2 Arecommended checklist for use in determining that 5.1.11 The accuracy of any exhaled volume measurement
the ventilator is functioning within the manufacturer’s specifi- devices, if provided with the ventilator, and the gas conditions
cations following changes in ventilator settings or reassemblyuring the accuracy testing shall be referenced.
of the breathing circuit. 5.1.12 The limits of frequency, inspiratory time, or I:E ratio,

5.1.3 The recommendation that an alternative means afr combination thereof, beyond which the interdependence of
ventilation be available and the procedures to be followed if thesontrol functions may cause the tidal volume specification not
ventilator ceases to function properly. to be met. (See also X1.8.1.)

5.1.4 If the ventilator is intended for use during patient 5.1.13 The tidal volume and minute volume range for which
transport via ambulance, it shall be marked with instructions tahe ventilator is intended to function.
use the 12-V d-c power supply rather than the 115-V a-c power 5.1 .14 The period of time (utilizing both internal and
supply. external power supplies) during which the ventilator is capable

of meeting the frequency control requirements of 4.4.1. The
4MDS-201 “Electromagnetic Compatibility Standard for Medical Devices,” is manufacturer shall disclose upon request the method of statis-

available as Accession No. PB271635 from the National Technical Informationtlcal analy5|s used_ to Supp_ort the d_lsclose_d value. )
Service, (NTIS), 5285 Port Royal Road, Springfield, VA 22161. 5.1.15 The period of time during which the ventilator
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controls meet the requirements in 4.4.2. (See also X1.2.7.) Thas applicable, and record the volume control accuracy. The
manufacturer shall disclose upon request the method of statisesults of testing under this requirement, shall be made
tical analysis used to support the disclosed value. available by the manufacturer on request, and the values
5.1.16 The limits of inspiratory time, volume, and I:E ratio disclosed as the mean of the tests performed plus or minus the
control interdependence that may cause the frequency requirstandard deviation.
ments in 4.4.1 not to be met.
5.1.17 The period of time during which the inspiratory time
controls, if provided, meet the requirements in 4.5.1. The 6.2.4 Test the inspiratory time controls at the minimum,
manufacturer shall disclose upon request the method of stati§id, and maximum inspiratory time against the conditions as
tical analysis used to support the disclosed value. outlined in 6.2.3 with the methods described in Annex Al.
5.1.18 The period of time during which the ventilator will ~ 6.2.5 Test the ventilator under the conditions as outlined in
meet the requirements in 4.6.1 and 4.6.2. The manufacturé-.2.3 and with the methods described in Annex Al utilizing
shall disclose upon request the method of statistical analysioth the internal and external power sources and record the
used to support the disclosed value. duration of time where the controls remain within the limits set
5.1.19 The range for sigh rate and sigh volume, if providedin 4.5.1.
5.1.20 The tubing circuit manufacturer shall disclose the 6.2.6 Activate the sigh mechanism as recommended by the
recommended continuous duration of use for “single patienfnanufacturer, repeat through five cycles, and determine the

Note 2—See Annex Al for additional details.

use” or “disposable” circuits. (See also X1.8.2.) rate and volume. (See also 5.1.19.)

5.1.21 The expected FiOfor various oxygen flows and 6.3 Test Method for Human Factors Requirements
ventilator settings. (See also X1.8.3.) 6.3.1 Visually inspect the connector for the appropriate

5.1.22 A test method for compliance with the requirementg’narkings under the conditions outlined in 4.8.1, and attempt to
in4.12.1. change the fitting direction.

5.1.23 Information concerning the input/output characteris- 6.3.2 Attempt to fit a 15- or 22-mm male or female cone into
tics of the battery charging systems. the ambient air inlet.

6.3.3 Attempt to connect 22-, 15-, and 30-mm cones and

6. Test Methods sockets, and 22-mm internal diameter tubing to the expired gas

6.1 Test Method for Power Source Requirements outlet.

6.1.1 While performing the tests for requirements 4.2-4.7 6.3.4 Check the connectors to establish that the appropriate
through , vary the supply voltage from 90 to 130-V a-c, andCGA® designated fitting has been supplied. Disconnect the
vary the frequency from 50 to 70 Hz. hose(s) from the ventilator and connect the two ends of the

6.1.2 Lower the line power to a point below the minimum hose together to verify that the connectors on both ends of the
specified by the manufacturer and verify that the ventilatohose are for the same type of gas.
switches to the integral battery power supply and continues to 6.3.5 Inspect the connection point for markings under the
operate without degradation of performance. Next, configureonditions outlined in 4.8.1 and attempt to cross-connect or
the ventilator in such a manner as to create the maximuriterchange the fittings or tubing.
power consumption within the manufacturer's recommended 6.4 Tests for Breathing Circuit Requirements
operating range, and ensure that the integral battery powers the6.4.1 Generate a 50 L/min gas flow through the patient
ventilator adequately to meet the requirements of this specifibreathing system with no PEEP. Measure the pressure drop

cation for no less than 15 min. from the patient connection port to ambient.
6.2 Test Method for Accuracy of Controls, Indicators, and 6.4.2 Condition all tubing at 42°C and 100 % relative
Pressure Relief Devices humidity with gas flowing through the tubingrfd h prior to

6.2.1 Connect the ventilator to a calibrated test apparatutesting as outlined as follows: suspend a length of tubing at
(generally with an accuracy five times greater than the requiretbast 1-m long over a metal cylinder with a 2.5-cm diameter, all
accuracy) and test the accuracy of controls over the entirat room temperature; hang a 0.5-kg weight on each end; and
range. establish a steady 75 L/min flow (25 L/min for tubing smaller

6.2.2 Configure the ventilator for use as recommended byhan 22-mm inside diameter (ID) that is intended for use with
the manufacturer. Fill the humidifier to the recommended levelinfants and neonates) through the tubing and measure the
Make pressure measurements at the patient connection pgntessure above atmospheric presse)(necessary to drive
using an electronic transducer and record the pressure wavée flow through the tubing. The test is passetiffis less than
using a strip chart recorder. Set the pressure relief controls a0 cm H,0O.

50, 70, and 100 cm O, or the highest possible setting. If an  6.4.3 Condition all tubing at 42°C and 100 % relative
inspiratory time control is provided, it should be set to thehumidity with gas flowing through the tubingrfd h prior to
highest setting. Activate the ventilator while totally occluding testing as outlined as follows: place a 2.5-kg weight on a 5-cm
the patient connection port. Record the pressure and from theegment in the middle of a 1-m length of tubing; establish a 75
recordings determine that the ventilator's pressure reducinf/min flow (25 L/min for tubing smaller than 22-mm inside
mechanism activates withi3 s of reaching the maximum diameter (ID) that is intended for use with infants and
limiting pressure. neonates) through the breathing system, and use on an ambient

6.2.3 Test the ventilator against the parameters outlined iair inlet could lead to misconnection of breathing circuit
Table 1 using the general methods, etc. prescribed in Annex Adéomponents to the ambient air inlet.
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6.4.4 Visually inspect the circuit components under the 6.6 Test Method for Anti-Asphyxia Valve and Negative
conditions outlined in 4.8.1, and attempt to change connectdPressure Relief Valves Requiremen{Sonfigure the ventilator
direction. and breathing system as it is when connected to the patient.

6.5 Test Methods for Alarm Requirements Measure pressure and flow at the patient connection port of the

6.5.1 During performance of the tests for compliance withpreathing system. Generate a breath at the minimum recom-
4.4.1, check to ensure that the audible and visual event alarmgended tidal volume and record the opening pressure of the
sound as the transition from line power to battery powekjgjve and the resistance to flow. Repeat the test at the
occurs, and that the periodic audible advisory indicator funcy,aximum recommended tidal volume. Record the opening

tions, annunciating at the interval outlined by the manUfaCturef“cracking”) pressure and resistance to flow at both tidal
in the accompanying documents. volume settings.

ANNEX
(Mandatory Information)

Al. GENERAL TEST CONDITIONS, APPARATUS AND METHODS

Al.1 General Test ConditiorsAll tests shall be conducted ances of all components of the lung model system. The
at NTPD (20°C, 760 mm Hg, 0 % RH) or corrected to NTPD volume-pressure characteristics of the model compliances,
with the ventilator configured for use as recommended by théncluding connections, shall be determined at ambient pressure

manufacturer. and temperature, and shall be determined as in 6.1.2 and shall
ko . . .
A12 Test Apparatus: _tl)_&elb\;\gtgm +5 % of the required compliance values shown in

Al.2.1 Lun_g Models,_ Co_mpllances and Resistane@he Al1.2.1.3 Resistances- The required resistances are given
lung models illustrated in Figs. A1.1 and AL.2 do not precludem Table 1. These values relate to measurements at NTPD. The
the development of different or more sophisticated lung models lud th. st f the ing devi ' y
with the same ranges of compliance and linear or nonlinea'¢'d€ the resistance of the Tlow measuring device.

resistances. If nonlinear resistances are used, their characteris- | h ¢ . ; ¢
tics must be specified. Al1.3 General Methods of Testing Performance of Lung

A1.2.1.1Lung Models— Lung models are designed to Ventilators —Measuremeqts (_)f pressure, flow, and volume
provide impedances to the ventilator output that simulate botgha!l be made as shown in Figs. Al.1 and A1.2 and shall be
normal and diseased lung states. The impedances to ventilatg¢curate to withie 2.5% of the reading. An additional
output are lung elastance and airflow resistance, that can Belerance of2.5 % of the full scale reading shall be allowed.
simulated in the lung models by compliance and a resistancEhe reading accuracy of the recording device shall be main-
connected in series (see Figs. AL.1 and Al.2). The varioutfined at frequencies up to 10 Hz. Ambient conditions shall be
combinations of compliances and resistances used in the tegicorded, and all results are to be reported at NTPD (20°C, 760
procedures are given in Table 1. mm Hg, and 0 % RH) even though other conditions may exist

A1.2.1.2 Compliances- The required compliances are during actual testing. Dry air, unless otherwise specified in an
given in Table 1. These compliances shall include the compliindividual requirement, is to be the test gas.
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FIG. Al.1 Representative Passive Lung Model
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APPENDIX
(Nonmandatory Information)

X1. STATEMENTS OF RATIONALE FOR THIS SPECIFICATION

Note X1.1—The rationales for many of the requirements of this equipment as washing machines, freezer motors, and air

specification are given in this Appendix. For the sake of clarity, theconditioning apparatus. If a gasoline powered portable genera-
paragraph to which each rationale applies is given in italics at th

e . Qor is used as an emergency power supply for a home care
beginning of each subsection. . - . .

ventilator, this may cause fluctuation in voltage or frequency
X1.1 Rationale for Scope from that normally supplied by the local utility, or both.
X1.1.1 Paragraph 1.2-The scope of this specification is  X1.2.1.1 Although Subcommittee F29.03.09 is aware of
limited to home care ventilators because the operating envispecific problems caused by extreme high voltage conditions,
ronment for home care ventilators is considerably differenfparticularly in ambulances, it was not felt appropriate for the
from that found in the hospital. Examples of these environhome care ventilator to be required to function in the grossly
mental differences are: the training of personnel, difference iberrant conditions described for some ambulances. The sub-
power supplies, extremes in power supply variation, control otommittee is also aware that attempts are currently being made

temperature and humidity, and the need to secure controls 9 correct these problems with the manufacturers of generators
prevent inadvertent movement and tampering by other indifor ambulances.

viduals in_ the home env_ironme_nt. Requirements fo_r critical y1 212 Members of Subcommittee F29.03.09 also noted
care ventilators and ventilators intended for use during anespat there were a number of other types of clinical apparatus
thesia have been addressed in other specifications. (for example, apnea monitors, etc.) that were severely damaged
X1.2 Rationale for Performance Requirements or destroyed by the power variations in ambulances, and that
X1.2.1 Paragraph 4.1.1Fluctuation within the ranges this problem would be most appropriately addressed via
specified in 4.1.1 is known to occur in electrical power Standards for ambulances.
supplies. The causes for such variations may be outside the X1.2.2 Paragraph 4.1.2-Subcommittee F29.03.09 mem-
control of the ventilator user. For example, a decrease in thbers present agreed that for safety purposes it was necessary to
voltage in the power supply by the local electric utility, or the mandate that all ventilators intended for home care should have
variations that may result from demands for power by sucha power source integral to the ventilator to provide for patient
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needs in the event of an emergency such as an electrical stormfi mercury PaCQ, and this is within acceptable limits for this
or other such incidents that might interrupt the line powertype of ventilation.
supply to the ventilator. “Integral” is intended to mean as a X1.2.7 Paragraph 4.4.1%-A variation of =10 % of tidal
component part of the ventilator system. This power sourc&olume or minute volume reflects a possible variation of 7 mm
may, or may not, be enclosed within the ventilator housing. of mercury PaCQ, and this is within acceptable limits for this
X1.2.2.1 Subcommittee F29.03.09 also agreed that the 1&pe of ventilation.
min time period was intended to provide a safety factor so that X1.2.8 Paragraph 4.5.1—The required accuracy of in-
the patient or the care giver could find an alternative source gspiratory times will allow the clinician to control ventilation in
power to operate the ventilator, or an alternative source o$ituations where airway leaks prevent using set volume as the
ventilation for the patient. The subcommittee agreed that it wagarameter to determine minute ventilation. Errors caused by
not intended that the integral battery be used regularly as #accuracies in inspiratory time settings will also effect imped-
power source for the ventilator during movement and transpor@nce of venous return.
of the patient. X1.2.9 Paragraph 4.5.2Variation in stability of inspira-
X1.2.2.2 It was felt that to mandate switching to a batterytory time controls will lead to variation in ventilation in cases
power source under both low and high voltage conditiondvhere airway leak is the determinant of ventilatic_)n_, and will
would significantly increase the cost of the ventilator whileaffect venous return, and may therefore cause injury to the
addressing a problem caused in a relatively small part of th@atient if variation outside of the I|m|t§ stated in 4.5.1 occur.
ventilator use environment, and that the excessive voltage X1.2.10 Paragraph 4.6—Peak flow in some types of ven-
problem was better addressed by improving the specificatioflators may be the determinant of inspiratory time, and in other
for power supplies in ambulances. The subcommittee did notdyPes of ventilators it may be the determinant of tidal volume.
however, that marking on the ventilator should be provided tol herefore, the accuracy and stability need to fall within the
the effect that the ventilator should be operated off the 12-V d-gPecifications of 4.6.1 and 4.6.2 in order for the device to
power supply in the ambulance as opposed to the 115-V afsinction safely in the clinical environment.
generator supply. o . X1.3 Rationale for Human Factors Requirements
X1.2.3 Paragraph 4.2.2-The limits set forth in 4.2.2 were

the minimum acceptable to the subcommittee in order to X131 rFl’aragraph 4'9'1|’1_F|0V¥] dlr.zc_:ft}on senstl)tlve de_dt
maintain operator confidence and provide for patient safety. VICES such as one-way valves or numidiliers may be caused 1o

. malfunction by inadvertent connection in the reverse manner,
X124 .Paragraph 4.2.3-Subcommittee F29.03.09 fe!tithat and it is also possible for injury to the patient to occur if flows
the requirement in 4.2.3 would reduce the possibility of

of gas are misdirected or humidifier contents are emptied into

barotrauma and WO.UId also reduce compl_|cat|ons rgsultmgne breathing circuit as a result of such a misconnection.
from decreased cardiac output secondary to increased mtratho-x1 3.2 Paragraph 4.9.2-This requirement is intended to

racic pressure, caused when ventilator pressure relief mech ‘ninimize the possibility of inappropriate connection of the

anisms pIaﬁeaued N pressure Yather than *dumping” the t'.da\/entilator breathing circuit tubing to the spirometer outlet.
volume until ambient pressure is reached. The subcommittee X1.3.3 Paragraph 4.9.3-In other standards for anesthetic

also felt for this requirement to be truly effective that and respiratory care equipment both 19- and 30-mm fittings
combined test would need to be developed ensuring that tubi ve been prohibited from use as ambient air inlets. However,
met a given level of resistance 1o qushmg and .klnkmg. for ventilator use in the home environment, it was felt that both
X1.2.5 Paragraph 4.3—The requirement for disclosure of f these standard fittings should be allowed. The 19-mm fitting
accuracy if both a calibrated control and indicator are used i% conventionally used for scavenging anesthetic waste gases,
intended to address the issue of a coarse gradation on they the 30-mm fitting is designated for use with spirometers.
control and a fine gradation on the indicator that is associateg,pcommittee F29.03.09 felt that neither of these applications
with it. Under these circumstances it is important to clarify forpertained to use of home care ventilators, and that it would be
the user which (the control or the indicator) meets the specifiegcceptame to allow the use of the 19- and 30-mm fitting on
accuracy. The compliances and resistances given in the te§hme care ventilators.
method, the frequency, and I'E ratio are representative of yq 34 Paragraph 4.9.4-The use of 15- or 22-mm fittings

conditions that would be found during the ventilation of an¢yr 5 ventilator air inlet in these applications is unacceptable
adult patient with normal pulmonary physiology. The memberg)acquse 15- or 22-mm fittings are routinely a part of the

of the subcommittee felt that the accuracy specified wouldeqyirements of 4.9.4. The requirements given in 4.9.4 will
provide for adequate reproducibility of control movement t0yinimize the possibility of inadvertent connection of breathing
ensure effective modification of ventilator function. system components to the expired gas outlet.

X1.2.5.1 The parameters SpeCiﬁed in Table 1 include a wide X1.3.5 Paragraph 4.9.5—These connections are manipu_
range of resistances, compliances, tidal volumes, and ventilggted every time the circuit is changed, and significant prob-

tory rates reflective of the use environment and will provide thgems have been reported with misconnection of these tubings.
user with the necessary information to determine whether or

not a particular ventilator is capable of providing for the needsX1.4 Rationale for Breathing Circuit Requirements

of a specific patient. X1.4.1 Paragraph 4.10.2-Although expiratory resistances
X1.2.6 Paragraph 4.3.1-A variation of =10 % of tidal of less than 5 cm kD at 50 L/min are desirable, the

volume or minute volume reflects a possible variation of 7 mmsubcommittee realizes that such values may not be achievable.
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Patient system configurations, tubing length, connector sizesgntilator begins operating on the battery power source was
and gas flow through the system are factors that may combinatended to provide notification to both the patient and the
to raise end-expiratory pressure to the 5 cgOHnaximum  care-giver that line power was no longer being provided to the
under certain conditions of ventilation. Device-inherent resisventilator. The requirement states that the audible portion of
tance above the 5 cmJ@ level is not acceptable because of this event alarm is manually cancelable, because once the
the adverse effect that these levels may have on the patienttare-giver has attended to the ventilator, the audible portion of
respiratory pattern or cardiovascular flow. the alarm has fulfilled its intended purpose. However, it was

X1.4.2 Paragraph 4.10.24It is often necessary for ven- felt necessary to maintain the visual portion of the alarm as a
tilator tubing to be placed over the tops of bedrails, over thaeminder that the integral battery power source was still in use,
rails of wheelchairs, over crib railings, and in other placesand to provide an audible advisory indicator on a periodic basis
where it may be subject to kinking. The tests outlined for this(for example, every 4 or 5 min) to additionally remind both the
requirement are intended to simulate these conditions. patient and the care-giver that the integral battery power source

X1.4.3 Paragraph 4.10.2.2-1t is often necessary for ven- was in use. The subcommittee felt that this approach to alarms
tilator tubing to be placed in areas around the patient where #nd indicators on the power supply would provide the neces-
may be occluded (for example, movement of the patient’'s headary safety while minimizing the nuisance factor that is
on the tubing, passing of the tubing over a wheelchair arninherent in continuously sounding alarms.
where it may be occluded by the patient’s arm, etc.). Tests fo . . . .
this requiren):ent are intende)(; to siFr)nuIate this type of)occlusio X1.6 Rationale for_Ant|-AsphyX|a_VaIves and Negative

X1.4.4 Paragraph 4.10.3-Flow direction sensitive devices Pressure Relief Valve Requirements
such as one-way valves or humidifiers may be caused to X1.6.1 Paragraph 4.13-The subcommittee included re-
malfunction by inadvertent connection in the reverse mannefuirements for the valve to open at no less than 3 cm & H
and it is also possible for injury to the patient to occur if flows and no greater than 10 cm of@ because it was felt that this
of gas are misdirected or humidifier contents are emptied intas the range necessary in order to prevent the anti-asphyxia
the breathing circuit as a result of such a misconnection.  valve from opening during the initial negative pressure phase

, ) of assisted ventilation while still providing for function in the
X1.5 Rationale for Alarms Requirements event of ventilator malfunction.

X1.5.1 Paragraph 4.12.2-A means of silencing the venti- . . .
lator breathinggcirrc):uit alarm is necessary in ordger to perfornf<1-7 Rationale for Electrical Safety Requirements
procedures such as measuring volumes, suctioning, etc., whereX1.7.1 Paragraph 4.14.3-Electromagnetic interference
the patient is briefly disconnected from the ventilator. Thecan cause improper operation of ventilators. There are numer-
subcommittee felt that the time period of 60 s (rather than th@us sources of such interference, including electrical appli-
requirement for 2 min that is included in other ventilator ances, telemetry transmitters, and nearby radio broadcasting
specifications) was more appropriate in this specification due tgtations. However, several manufacturers of medical devices
the lower level of supervision that most patients on home cargave experienced field failures caused by conducted or radiated
ventilators are subject to. electromagnetic interference in devices that meet the require-

X1.5.2 Paragraph 4.12.2 ments of MDS-20%, and further or additional requirements

X1.5.2.1 Paragraph 4.12.2.4-The type of alarm mecha- may be necessary in order to address application of home care
nism described in 4.12.2.1 is essential in certain types oy¥entilators in specific environments.
ventilation where a variable leak is present, and in the first part X1.7.2 Paragraph 4.14.34-Electrostatic discharge can
of the illustration in Fig. 1 where the leak from the patient iscause improper operation of home care ventilators. Operators
equal to the flow of gas being sent to the patient, a plateau igf medical devices in the home are likely to become electro-
reached. This type of ventilation is often used for pediatricstatically charged from contact with synthetic garments and
patients. The portion of Fig. 1 illustrated in (A) defines acarpets. Discharges to medical equipment from operators is
situation where a patient is being ventilated by a volumdikely, particularly in conditions of low humidity. Ventilators
ventilator with a leak, and an obstruction occurs to decreasare life support devices, and must therefore continue to
that leak. function within the manufacturer’s specifications.

X1.5.2.2 Paragraph 4.12.2.2-The type of alarm described ~ X1.7.2.1 Although test probes are necessary for effective
in 4.12.2.2 is intended to reduce the number of spurious alarri€sting, no accepted standards for electrostatic discharge test-
in the home environment, in a situation where the uppefng exist at present. The specifications contained in a recent
pressure limit is frequently reached on an individual breatiproposed revision of IEC Publication 80%-@scribe a type of
during routine ventilation, and may only indicate a malfunctionprobe and waveforms that effectively model electrostatic dis-
or obstruction on repeated breaths. charges from humans.

X1.5.2.3 Paragraph 4.12.2.3-The type of alarm described
in 4.12.2.3 is intended to provide the maximum indication of ) .
overpressure in applications where any overpressure condition X1.8.1 Paragraph 5.1.2—Unpredictable degradation of
may be injurious to the patient. performance due to interdependence of controls can seriously

X1.5.3 Paragraph 4.12.3-Indicators for several different
purposes have been addressed in this requirement. The coupled ¢ pybiication 801-2 is available from International Electrotechnical Com-
audible and visual event alarm to be activated when thenission, 3 rue de Varembé, CH-1211 Geneva 20, Switzerland.

X1.8 Rationale for Marking and Labeling Requirements

10
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affect the ability of the operator to accurately adjust the X1.8.3 Paragraph 5.1.21—The expected Figfor various
ventilator’'s function, and can thus result in jeopardy to theflows and settings referenced in this requirement refer to
patient. operation during controlled ventilation only. Members of the

X1.8.2 Paragraph 5.1.20—Although “single patient use” subcommittee were well aware of the possibility of variation in
tubing is often changed every 24 to 48 h in the hospital settingiO, during the assist mode, but it was agreed that it was not
the duration of use in the home care setting may considerablgppropriate to mandate the use of such devices as gas blenders,
exceed this time period. It is necessary for the user/consumer &ic. in order to maintain concentration during the assist mode
know the recommended duration of use so that the tubing cabecause of the increased expense and complexity involved, and
be changed prior to any physical degradation that mighbecause of the decrease in portability that such equipment
compromise performance of the ventilator. would cause.

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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