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1. Scope 2.2 ANSI Standards:

1.1 This specification applies 1o all ventilators specifically
introduced for sale following acceptance of this specification
and intended for use during the administration of anesthesia.
Definitions, performance requirements, test methods, and a
rationale for all mandatory requirements are included.

1.2 The anesthesta ventilator cannot protect against mal-
functions within the anesthesia machine, nor can it protect
against inappropriate or inadvertent use of the oxygen flush
valve, and thercfore, no attempt bas been made to address
problems that may arise from maifunctions with these devices
in this specification. (See also X3.1.)

1.3 Several definitions have been included in Section 2 and
Appendix X1 that are not used in the text of this specification.
This material has been included for the sake of completeness,
and for any possible educational benefit that may be served.
Appendix X | also outlines various characteristics of ventilators
intended for use during anesthesia and defines the main classes
of breathing machines that may be used in medical practice and
indicates how these may be subdivided according to their mode
of action.

1.4 The following precautionary caveat pertains to the test
methods portien, Section & of this specification. This standard
may involve hazarvdous materials, operations, and equipment.
This standard does not purport to address all of the safety
concerns associated with its use. It is the responsibility of the
user of this standard to establish appropriate safety and health
practices and determine the applicability of regulatory limita-
tians prior fo use. For an additional safety precaution, sec Note
6.

2. Referenced Documents

2.1 ASTM Standards:

F 1054 Specification for Conical Fittings of 15-mm and
22-mm Sizes®

F 1161 Specification for Minimum Performance and Safety
Requirements for Components and Systems of Anesthesia
Gas Machines®

" This specification is under the jurisdiction of ASTM Committee F2% en
Anesthetic and Respiratory Equipment and is the direct responsibility of Subcem-
mittee F29.10 on Anesthesia Workstations,

Curvent editien approved April 4, 1990. Published May 19%0.

* Annual Book of ASTM Standards, Vol 13.01.

7-79.1¢ Standard for Oxygen Analyzers®

Z-79.11 Standard for Scavenging Systems for Fxcess for
Anesthetic Gases®

23 ISO Standard:

I1SQ 4135 Anesthesiology Vocabulary*

2.4 Other Standards:

IEC 601-1 Safety of Medical Electrical Equipment®

CGA V-5, 1978 Specifications for DISS Cormmections®

3. Terminelogy

3.1 Definitions—--For the purposes of this specification, the
definitions in 3.1.1-3.1.51 shall apply.

3.1.1 airway pressure (P, )-—pressure at a specified point in
the patient’s airway. The sitc and conditions under which
measurements are made should be given.

3.1.2 alarm—a means of alerting the operator that a par-
ticular condition exists.

3.1.3 alveolar pressure (P ) pressure in the alveoli. In the
case of the lung model, this is represented by the pressure in
the compliance chamber.

3.1.4 apparatus internal compliance—volume/pressure re-
lationship, expressed in millilitres per kilopascal (or mllilitres
per centimetre H,0) of those portions of the patient system that
are pressurized during the inspiratory phase time (see also 5.8
and 3.1.38).

3.1.5 continuous positive airway pressure (CPAP)—P,..
maintained by the ventilator above ambient,

3.1.5.1 Discussion—Common usage of the term references
spontaneous ventilation. '

3.1.6 control—a means available to the operator of directly
adjusting a ventilator function.

3.1.7 cycling pressure—that pressure which, when reached
in the patient system, causes the ventilator to cycle from
inspiratory to expiratory phase or from expiratory to inspira-
tory phase.
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Arlinglon, VA 22202
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3.1.8 differential inspiratory triggering pressure (AP.) -
change in airway pressure at the patient connection port which
must be generated by the patient to initiate the ventilator
inspiratory phase.

3.1.8.1 Discussion—Pressure shall be expressed in terms of
gage pressure in units of kilopascals {or centimetres H,0) to
follow the kPa units.

3.1.9 expiratory pause time (Typ)— interval from the end of
expiratory flow to the start of inspiratory flow.

3.1.10 expiratory phase time (Tg}— interval from the start
of expiratory flow to the start of inspiratery flow.

3.1.11 expiratory positive airway pressure (EPAP)—P,,
above ambient during the expiratory phase, generally approxi-
mated by P

3.1.12 expiratory (sub-atmospheric) subambient pressure—
pressure fower than ambient, during the expiratory phase time.

3.1.12.1 Discussion—Subambient pressure may be constant
throughous the expiratory phase time or it may vary through the
phase time, depending upen the method by which such
pressure is generated.

3.1.13 frequency (ventilatory} ()—number of breathing
cycles per minute.

3.1.14 hear and moisture exchanger (HME)—a passive
device which is designed to converse some of the patient’s
exhzled moisture and heat, and to release heat and moisture to
the patient’s airway during inspiration.

3.1.15 high priority alarm~—signal which indicates a condi-
tion requiring immediate action.

3.1.16 inspiratory-expiratory phase fime ratio (I:F ratio}—
ratio of the inspiratory phase time to the expiratory phase time.

3.1.17 inspiratory minute volume (V;)—volume of gas in-
spired per minute by the patient, measured in litres (L).

3.1.18 inspiratory pause time (T,.y— interval from the end
of inspiratary flow to the start of expiratory flow.

3.1.19 inspiratory phase time (T)— interval from the stant
of inspiratory flow to the start of cxpiratory flow.

3.1.20 inspiratory positive aitway pressure (IPAP)—F,,
above ambient during the inspiratory phase of CPAP, generally
approximated by P, '

3.1.21 inspiratory triggering flow (Vr,)-—flow which must
be generated by the patient at the patient connection port to
initiate the ventilator inspiratory phase.

3.1.22 inspiratory triggering pressure (P y—airway pres-
sure at the patient connection port which must be generated by
the patient t¢ initiate the ventilator inspiratory phase.

3.1.23 inspiratory triggering response fime (T y—time de-
lay between the satisfaction of the inspiratory triggering
pressure or flow, or both, volume regnirements, and the start of
inspiratory flow.

3.1.24 inspiratory triggering volume (V. }—volume, mea-
sured at the patient connection port, which must be moved by
the patient to initiate the ventilator inspiratory phase.

3.1.25 infermittent mandatory ventilation (JMV)— a mode
of operation of the ventilator that permits spontaneous breath-
ing of a controlled inspiratory gas mixture between predeter-
mined ventlator-delivered breaths using the same nspiratory
gas mixture.

3.1.26 low priority alarm—signal which indicates a condi-
tion which requires operator awareness, but not necessarily
action.

3.1.27 maximum Iimited pressure (P ..)—highest gage
pressure which can be attained in the patient system during
malfunction of the ventilator but with functioning safety
mechanisms.

3.1.27.1 Discussion—The title of this definition is different
from the title given in ISO 4135. However, the text is identical
to [SO 4135, The title of the ISO definition is maximim safety
pressure.

3.1.28 maximum working pressure (P, ... y—highest gage
pressure which can be attained in the patient system during the
inspiratory phase when the ventilator is functioning normally.

3.1.28.1 Discussion—This may be limited by a controllable
ventilator mechanism to less than Py ...

3.1.28 medium priovity alarm—signal which indicates a
condition requiring prompt action.

3.1.30 minimum limited pressure (P .., )—highest numeri-
cal value of sub-atmospheric gage pressure which can be
attained in the patient system during malfunction of the
ventilator but with functioning safety mechanisms.

3.1.30.1 Discussion—The title of this definition is different
from the titie given in [SO 4135. However, the text is identical
to ISO 4135. The title of the [SO definition is minimum safery
pressure.

3.1.31 minimum working pressure (P, . y—highest nu-
merical value of sub-atmospheric gage pressure which can be
attained in the patient system during the expiratory phase when
the ventilator is functioning normaily.

3.1.31.1 Discussion—This may be limited by a controllable
ventilator mechanism to a sub-aztmospheric pressure that is
numerically smaller than Py ...

3.1.32 minute volume (V)—volume of gas, expressed in
litres per minute, entering or leaving the patient or lung model.
The physical conditions under which measuring was made
should be given.

3.1.33 monitor (indicator display)—a means of informing
the operator of the status or numerical value of ventilation or a
ventilator.

3.1.34 nebulizing humidifier—~device designed to add water
to the inspired gas in the form of droplets.

3.1.35 negarive end expiratory pressure (NEEP)— the Py,
at the end of expiration, below ambient.

3.1.36 patient system—that part of the gas system of a
ventilator through which respired gas travels at appropriate
respiratory pressures.

3.1.37 patient system compliance—volume/pressure rela-
tionship, expressed in milkilitres per kilopascals {or mitlilitres
per centimetre H,0) of those portions of the patient system that
are pressurized during the inspiratory phase time.

3.1.38 positive end-expiratory pressure (PEEF)—P, at the
end of expiration, above ambient.

3.1.39 pressure, patient system (P,)— pressure at a speci-
fied point in the patient systern. Conditions under which
measurements are made shall be given.
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3.1.40 pressure support—a ventilater mode designed to
augment the patient’s ventilation synchronously with hig in-
spiratory effort until a preset pressure is met.

3.1.41 selector vaive—a valve that routes the breathing
mixture to the breathing bag of the anesthesia circuit or to a
ventilator.

3.1.42 sigh (ventilator)—deliberate increase in tidal volume
for one or more breaths at intervals.

3.1.43 spirometer—device designed to measure a volume of
gas.

3.1.44 synchronous intermittent mandatory ventilation
(SIMV).—an IMV mode which provides a mechanism for
synchronizing the ventilator-delivered breaths with a patient’s
inspiration, as detected by the ventilator.

3.1.45 idal velume (Vi)}—velume of gas, expressed in
millilitres (mL), entering or leaving the patient or the lung
model during the inspiratory or expiratory phase. time. The
physical conditions under which gas volumes are measurcd
should be given,

3.1.46 fime constant—time in which an exponential process
is 63 % complete.

3.1.47 vaporizing humidifier—device designed 1o add water
to the inspired gas in the form of vapor.

3.1.48 ventilator expiratory resistance-—for ventilators in
which expiration is not assisted, the total resistance to gas flow
from the patient connectien port through the expiratory port of
the patient system to atmosphere. This 15 expressed in kilopas-
cals {or centimetres H,0) referred to a flow of 0.5 L/s.

3.1.48.1 Discussion—This definition is applicable in those
types of ventilators in which expiration is not assisted.

3.1.49 ventilator-patient system-—that part of the ventilator
gas system through which inspircd gas travels at respiratory
pressures.

3.1.50 ventilators intended for use with anesthesio—
ventilator designed to be used with or integral to an anesthesia
breathing system.

3.1.51 ventilator pressure (P, )J— pressurc at a specified
point in the veniilator. The site and conditions under which
measurements are made should be given.

3.2 Symbols:Symbols:

3.2.1 C—indicates compliance in units of mL/kPa {or
mL/icm H,0), for example, C20=20 mL/APa (20 mL/cm
H,0).

3.2.2 R—indicates resistance to flow in units of kPa {or cm
H,O)L/s; for example, RS = 0.5 kPa/L/s (5 cm H,O/L/s).

3.2.2.1 Discussion—For the purposes of clarity, all other
abbreviations have been listed in parentheses fellowing the
related term or phrase in Section 2.

4, Materials and Manufacture

4.1 Sterilization or Decontamination or Both:

4.1.1 All components of the ventilator that come in contact
with the patient’s respired gases shall be capable of being
steritized, or shall be for single use only. {See also 6.2.)

4.1.2 All external surfaces of the ventilator shall be capable
of being disinfected. (See also 6.2 and X3.2.)

5. Performance Requirements

5.1 Volume and Wave-Form—The tests in 6.1.3 and 6.1.4
shall be carried out on one or more samples of production
ventilators with the assurance that the results, which shall be
made available to customers, are representative of all produc-
tion ventilators of that type. These tests include one test for
endurance and two tests for performance. The endurance test
shall be performed first and the performance tests immediately
thereafter.

5.2 Ventilator Endurance—FEach tested ventilator {as de-
scribed in 5.1) shail be tested for endurance with respect to
each group of patients for which its use is recommended, that
is, for adults, for children, and for infants. A separate machine
may be used for each group or the period of tests may be
divided equally between groups. Inspiratory/expiratory phase
time ratio shall be as close to 1:2 as possible and the ventilator
run for 72 h against the appropriate condition shown in Table
1. (See also X3.3.1.)

5.3 Power Sources:

5.3.1 Elecrrical—When tested as outlined in 6.3.1, the
ventilator shall continue to function within the manufacturer’s
specifications at any control setting throughout 2 range of +
10 % fluctuation of the stated nominal veoltage and x1°%
fluctuation of the stated frequency for electrical power sources.
For all other aspects, ventilators intended for use during
anesthesia shall comply with the electrical requirements of JEC
601-1. (See also X3.3.3}

Note 1--The IEC is presently developing electrical safety standards
specifically addressing ventilators. When approved, these will take pre-
cedence over the requirements in IEC 601-1.

5.3.2 Preumatic—When tested as outlined m 6.3.1, the
ventilator shall continue to function within the manufacturer’s
specifications at any control setting throughout a range of
supply pressures of 55 psig + 20 % and — 25 %. The device’s
gas connection shall be non-interchangeable. If the device has
a threaded connection, it shall conform to the appropriate CGA
V-5 1978 specification for DISS connections. If the ventilator
is capable of being independently connected te the gas piping
system, it shall have permanently attached a Body Fitting
number 1240 {oxygen) if intended to be powered by oxygen, or
a Body Fitting number 1160 (compressed air) if intended to be
pawered by air. (See also X3.33))

5.4 Accuracy of Calibrated Controls, Indicators, and Pres-
sure Relief Devices:

54,1 Calibrated Working Pressure Control—If provided,
calibrated controls for P, .., shall be accurate to 0.245 kPa (=
2.5 cm H ,0) up to 2.94 kPa (30 cm H,0) and to 0.49 kPa (£
5 ¢m H,0) above 2.94 kPa (30 cm H,0) when tested as
described in 6.4.1. (See also X3.3.4.1))

TABLE 1 Ventilator and Test Lung Sefttings for Endurance Test

Cormpliance” Rasistance Fregqusncy Tidal ;ilums.
Adult 20 R20 (R, 20 10/min BO0
Pediatric c10 RS0 (R, 50) 20/min 200
Infam c3a K200 (R, 200) 40/min 50

A = 20 refars to a compliance of 20 mU/0.088 kPa [t om Hz0), and C10to a
compliance of 10 mL/.088 kPa {1 cm HxO), and C 3 refers to a compliance of 3
mlA2.088 kPa.
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5.4.2 Indicators—The manufacturer shall disclose the accu-
racy of all indicators when tested as outlined in 6.4.1 unless
accuracy is otherwise addressed in this draft standard. (See also
X334.2)

543 Maximum Working Pressure Control— A maximum
working pressure contrel may be provided in the anesthesia
ventitator. If provided, these devices shall limit P, and
shall be accurate to within *+10% of the set value {(if
calibrated) when tested as outlined in 6.4.2. If the ventilator
derives its patient breathing mixture from a continucus flow
anesthesia machine, then the manufacturer shall disclose the
pressure at the breathing system connection port when a flow
of 75 L/min is passed through the ventilator system with the
P, e control activated. (See also X3.3.4.3.)

5.4.4 Maximum Limited Pressure Mechanism (P, . J)-—A
maximum {imited pressure mechanism may be provided in the
ventilator. If provided, these devices shall control Pp ..}
during ventilator malfunction, and may be operator adjustable.
These devices shall be accurate to within 0.98 kPa (= 10 cm
H,03} of the set value at the opening pressure when tested as
described in 6.4.3, (See alsg X3.3.4.3))

Note 2--The maximum limited pressure control may not protect
against malfunction in the anesthesia machine.

5.4.5 1f provided, intcgral devices indicating ventilatory
frequency shall be accurate to one breath per min or 1¢ % of
actual (whichever is smaller) when tested as described in 6.4.4.
(See also X3.3.4.3))

5.4.5.1 Calibrated devices controlling ventilator frequency
shalf be accurate to within one breath per min or 10 % of actual
{(whichever is smaller) when tested as described in 6.4.4.

Nute 3—This accuracy specification is not considered as an additive
erfor in combination with the requirement of 5.4.5.

5.5 Delivered Volume—Delivered volume of the ventilator
shall be indicated to the operator by some means and shall be
accurate to =15 % and shall be repeatable to £5 % overalh
period. Test conditions shall be stated.

5.6 Accuracy of Gas Mixture Controls— When ventilators
have incorporated as a primary control an inspiratory gas
mixture contral, the accuracy of the mean delivered oxygen
concentration shall be within* 10 % of the set oxygen con-
centration or 3 % oxygen, whichever is greater, throughout the
range of pressures, frequencies, and tidal volumes of which the
ventilator is capable when tested as described in 6.6. At a given
setting of the ventilator, the delivered oxygen concentration
shall be =3 % oxygen for at least 1 h. {See also X3.3.6.)

5.7 Expiratory Resistance:

5.7.1 Adulr and Child Ventilators—When tested as de-
scribed in 6.7, and in the absence of expiratory resistors or
positive end expiratory pressure devices, the pressure at the
breathing system connection for adult and child ventilators
shall not exceced 0.49 kPa {5 cm H,0) at a flow of 50 LPM
when spirometer or breathing attachments, or both, as specified
by the manufacturer, are used. If the ventilator is integral to the
anesthegia machine, the manufacturer shall disclose the expi-
ratory resistance when the flush valve is activated. The
manufacturer should specify the maximum negative pressure

created by the anesthesia ventilator with no fresh gas flow
when the bellows does not reach the limiting stop. (See also
X3.3.7.1)

5.7.2 1f the ventilator incorporates a weighted descending
bellows, the manufacturer shall specify the maximum negative
pressure created when tested as outlined in 6.7.2. (See also
X33.37.2)

5.8 System Imternal Compliance—The manufacturer shall
disclose the internal compliance of the ventilator and shall
provide, upon request, the test methods used to determine the
derived values. Manufacturers of ventilator tubing that recom-
mend the use of their tubing with several ventilators, or who do
not manufacture ventilators, shall provide the data on the
compliance of their tubing in the labeling of their product. (See
also 6.8 and X3.3.8)

5.9 Fittings Connecting Ventilator, Ventilator Civenit and
Spirometer:

5.9.1 The fitting for the tubing connecting the ventilator to
the breathing circuit shall be a standard 22-mm male conical
fitting, according to the dimensions specified in Specification
F 1054, For flow direction-sensitive devices, the direction of
flow shall be permanently marked on the connector, and the
connector should be designed so that it cannot be installed in
the reverse direction. {See also 6.9.1 and X3.3.9.1.)

5.9.2 If a 22-mm connector for a bag for manual ventilation
is provided on the ventilator, it shall be marked bag with either
the symbol or the word, and should face downward and shall
be situated away from the connectors for the patient breathing
tubes. No valve shall be permitted on the ventilator which will
channel the patient’s exhaled gas into the manual bag, The bag
mount should provide a secure connection. {See also 6.9.2 and
X339.2)

5.9.3 If there is a separate outlet for the spirometer on the
breathing tubes or the machine, the gas outlet leading to the
spirometer should be a 30-rmm male conical fitting.

5.9.4 If an ambient air inlet is fitted to the ventilator, it shall
not be a 22, 15, 19, or 30-mm male cone and shall be clearly
marked as air inlet. (See also 6.9.3 and X3.3.9.3))

5.9.5 Qutlets for anesthetic gas pollution control devices
shali conform with ANSI Z-79.13. If an expired gas outlct
(other than an outlet for spirometer) is fitted to the machine, it
shalt be designed in such a way that it cannot easily be
connected to either 22 or 15-mm cones ar sockets, or to 22-mm
internal diameter tubing. (See also 6.9.4 and X3.3.9.3)

5.10 Mechanical Stability and Transportability—
Ventilators intended for use during anesthesia that are not an
integral part of an anesthesia machine shall comply with
Clause 24 of TEC 601-1.

5.11 Ventilatory Monitoring and Alarms— 1f provided as an
integral part of the ventilator, ventilatory monitoring and
alarms shall comply with the relevant sections set forth in
Specification F 1161 and with the requirements of this section.

5.11.1 The alarm characteristics of monitors specified in this
specification shall be grouped in three categories: (T) High
Priority, (ITy Medium Priority, and {ITT) Low Priority {see Table
2y

5.11.1.1 The audible components of these alarms should be
designed to allow silencing until the anesthesia ventilator is
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TABLE 2 Alams

. ) Oporator
Category Priority Audttory Visual Responss
| High Not I or IH Mol il or |l linmsdizite
i Medium Not torlll Not tor il Prompt
Hi Low Notiorli MNotlor Il Awarenass

placed in use (in other words, connected to the patient) in order
to reduce nuisance alarms.

5.11.1.2 The visual indicators for these alarms shall con-
form to the requirements given in the first two sentences of
5.13.

5.11.1.3 The audible component of these alarms at mini-
mur volume should be discemible, to a person with normal
hearing, above a background white noise level of 55 dB(A) at
a distance of 3m from the front of the anesthesia gas machine.

5.11.1.4 There should be a visual indication that an audible
alarm has been silenced.

5.11.1.5 The set points of adjustable alarms shall be indi-
cated continuously or on user demand.

5.11.1.6 Testing of Alarm Funcrion—A means shall be
provided to test the function of the audible and visual annun-
ciation of all alarms.

5.11.2 High Priority Alarms:

5.11.2.1 There shall be a visual indication of the high
priority alarm. Tt shall be different and distinguishable from the
visual signals specified in 5.11.3 and 5.11.4.

5.11.2.2 There shall be a simultaneous audible indication of
the high priority alarm. This audible indication shail be
different and distinguishable from the audible signals specified
in 5.11.3 and 5.11.4.

5.11.2.3 The audible indicators shall reset automatically
when the condition causing the alarm has cleared. The maxi-
mum time an audible high priority alarm can be silenced shall
be 120 s.

5.11.3 Medium Priority Alarms:

5.11.3.1 There shall be a visual indication of the medium
priority alarm, Tt shali be different and distinguishable from the
visual signals specified in 5.11.2 and 5.11.4.

5.11.3.2 There shall be a simultaneous audible indication of
the medium priority alarm. This audible indication shail be
different and distinguishable from the andible signals in 5.11.2
and 5.11.4.

5.11.3.3 The audible indicator shall reset automatically
when the condition causing the alarm has cleared. The audible
indicator may be silenced for not more than 120 s, or until a
different medium priority alarm condition occurs.

5.11.4 Low Priority Alarms:

5.11.4.1 There shall be a visual indication of the low priority
alarm. It sha!l be different and distinguishable from the visual
signals in 5.11.2 and 5.11.3.

5.11.4.2 There shall be a simultaneous audible indication of
the low priority alarm. This audible indication shall be different
and distinguishable from the audible signals specified in 5.11.2
and 5.11.3.

5.11.43 The audible indicator shall reset automatically
when the condition causing the alarm has cleared. The audible
indicator may be silenced until a different low priority alarm
condition occurs,

51135 Required Alarms—The fellowing alarms shall be
provided in association with all ventilators or ventilator/patient
systems intended for use during anesthesia:

5.11.5.1 Loss of Main Power Supply—Alarm Category:
High Prioriry—A loss of main power alarm shall be provided,
and shall have a duration of at least 2 min at a constant sound
pressure level when tested as outlined in 6.10. A means shali be
provided for silencing this alarm fotlowing disconnection from
the main power supply. This means of silencing the alarm shall
not be remote from the ventiiator, and the alarm silencing
mechanism shall automatically reset when the main power is
restored {see 6.10). If altematively an alarm is provided to
indicate loss of main power with backup power functioning, it
shall be assigned to the Low Priorizy category. {See also
X3.3.10)

5.11.6 Battery Power Supplies—If any alarm incorporates a
battery power supply: {J) the system shall include a means
whereby the user may determine that the battery needs to be
replaced for disposable batteries or recharged, and ( 2} the
battery should be of a type readily obtainable.

5.12 Anesthetic Gas Pollution Controls— 1f provided as a
part of the ventilator, pollution control devices shall comply
with the requirements of ANS] Z2-79.11.

5.13 Controls and Indicators——The faces of all scales and
gages shali be legible and all controls and indicators shall be
vigible at a distance of 1 m (3.3 ft) and at a light level of 215
lux (20 footcandles) to an operator with 6.5 (20-20) vision
(corrected), seated or standing in front of the anesthesia
machine. The markings and calibrations should be readily
identificd with the controls, gages, meters, or indicators with
which they are associated. Flowmeters, gages, controls, and
other displays that need to be read most frequently should be
grouped together and should be placed as close as possible to
the operatar’s field of vision when in the normal position of
aperating the anesthesia machine and cbserving the patient.
{See Appendix X4.)

6. Test Methods

6.1 Lung Models and Method of Testing Performance of
Lung Ventilators:

6.1.1 Test Equipment—The hung models illustrated in Figs.
1 and 2 de not preclude the development of different or more
sophisticated lung modeis with the same ranges of compliance
and linear or alinear resistances. If nonlinear resistances are
used, their characteristics must be specified.

6.1.1.1 Lung Models—Lung models are designed to provide
impedances to the ventilator output that simulate both normal
and diseased lung states. The impedances to ventilator ocutput
are lung elastance and airflow resistance, which can be
simulated in the lung models by a compliance and a resistance
connected in series (see Figs. 1 and 2). The various combina-
tions of compliances and resistances used in the test procedures
are given in Table 1.

6.1.1.2 Compliances--- The tequired compliances are given
in Table 2. These compliances shall include the compliances of
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FIG. 2 Representative Passive Lung Maodel
all components of the lung mode] system. The volume-pressure

characteristics of the medel compliances including connections
shall be determined at ambient pressure and temperature and

shall be determined as in 6.1.2 and shall be within £5 % of the
required compliance values shown in Table 1.

6.1.1.3 Resistors—The required resistors arg given in Table
1. Values for these resistors are given in Tables 3 and 4, These
values relate to measurements at NTPD (20°C, 760 mm Hg,
and 0 % RH).

6.1.2 Test Methods—General—Make measurements of
pressure, flow, and velume as shown in Fig. 1 accurate to
within *2.5 % of the reading. Allow an additional tolerance of
+2.5 % of the full scale reading. Make measurements of power
and work accurate to within =35 % of the reading. Allow an
additional tolerance of =35 % of the peak reading. Maintain the
reading accuracy of the recording device at frequencies up to
1¢ Hz. Record ambient conditions, and report all results at
NTPD even though other conditions might exist during actual
testing. Dry air, unless otherwise specified in an individual
requirement, is the test gas.

6.1.3 Wave-form Performance Test—Connect the ventilator
10 the compliance and resistance combinations appropriate to
its intended use {that is, for adults, for children, or for infants).
At the beginning of the test adjust the ventilator controls to
obtain the desired frequency and tidal volume at an inspiratory/
expiratory ratio that is as close ta 1:2 as possible. Record the

TABLE 3 Linear Resistances

ey Valug in Flow Rangse Rangs of Airflow
j . +20 % kPallis {cmMH,0/Ls) {L/s)
Rz 1.96 {20} 0o 1.0
R50 480 {50 0t b5
R200 19.60 {200) Oto 01
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TAELE 4 Parabollc Resistances”

AP = K'W? om Ho0 (where V= Lis)

Resistances W= 10 % P :kl:: * {om H,O) @ V. Lis
R20 17.60 0.43 {4.40) @ 0.5
1.73 {17.60) @ 10
RS0 108.70 0.67 (6.79) @ 0.25
267 (27.20% @ s
R,200 2440.00 0.60 {6.10} @ 0.05
235 (24.40} @ 0.1

“ Linear and parabolic resisiances may be used intarchangeably. Representa-
tive test lungs and the appropriate parabolic resistances are availabla from
Michigan instrumarnts, inc., 6300 28th Streel, SE, Grand Rapids, MI 48506; BioTek
Instruments, MHighland Park, Winoaski, VT 05404, or Hyeo-Aulas Gauthier SA.,
Bursau a Paris, 13, rug Guylon-de-Morveau, 75013 Paris, France or their
equivalants have baen found satisfactory for this purpose. Resistancas will have
differeni parformance vaiues, depending on the manufacturar and indivigual
resistor configuration. The ventilatlor manufacturer shall supply data on the
resistors used during iesting upon requesl.

ventilator settings required to obtain these settings. If it is
necessary to reset the ventilator controls to match the ventilator
to the new set of conditions, note this in the results. In such an
event, obtain records before and after resetting the ventilator
controls. Always reset the ventilator to the standard conditions
appropriate to a given tidal volume {as indicated in Table 1}
before each subsequent test. Perform all tests without a
subambient phase unless this is an integral feature of the
ventilator mechanism.

6.1.3.1 Record the following traces during the tests and
display in the order shown:

(a) Pressure at the patient end of the ventilator tubes, P,{see
Fig. 1),

(b) Pressure in the chamber (equals alveolar pressure P,)
(see Fig. 1},

{c) Flow at ventilator output, and

(@) Veolume.
1f desired, append additional recordings to illustrate special
characteristics of the ventilator.

6.1.3.2 Reproduce the scale and clarity of the records such
that a change of £2.5 % of the peak reading can be detected
easily. Inscribe all records with the appropriate scales, time
base, and details of the test. Inctude the following:

{#) Ambient temperature and pressure, together with the
temperature, compaosition, and humidity of the inspired gas.

(&) The nature and dimensions of the breathing tubes
connecting the ventilator to the test lung and whether other
apparatus (for example, humidifier, spirometer, or water traps)
were included in the part of the circuit which s pressurized
during inspiration, If such apparatus is included, specify the
type and position. If a humidifier s included, fill it to the fi:d
water level with a relatively non-compressible substance, If
this is not practicable, replace the humidifier with an equivalent
compliance and resistance.

(c) A listing of all settings of controls, if possible.

(& Any other relevant information (for example, source and
pressure of driving gas, use of special ventilator circuits, or
type of humidifier).

6.1.4 Volume Performance Test—Test the adult ventilator
against a compliance of C 20, and a resistance of R 20 (R 20},
at tidal volumes ranging from 300 to 1200 mL, and a range of

frequencies from 6 to 20 breaths per min. Test pediatric
ventilators at three representative volumes, that is, min, mean,
and max, within the range of 50 to 300 mL tidal volume against
a compliance of C 1¢ and a resistance of R 56 (R 50) at a
frequency of 20 breaths/min. Test the infant ventilator against
a compliance of C 3, and a resistance of R 200 (R,200), at a
tidal volume range of 30 to 200 mL and a ventilatory frequency
of 40 breaths per min.

6.1.5 The manufacturer shall determine the range of tidal
volumes that the ventilator is capable of delivering to the lung
at the specified frequencies with an inspiratory/expiratory
phase time ratio as close to 1:2 as possible. Further measure-
ments at different frequencies and with different compliance
and resistance combinations may be included if desired. State
the conditions under which the tests are carried out (sec 5.1 and
6.1.3.1).

6.2 Materials Requivements—Review the operation and
maintenance manual for recormmended methods.

6.3 Performance Requirements:

6.3.1 Power Sources-~Vary the supply pressure and voltage
independently and perform the tests in 6.1.3 and 6.1.4 under
the worst possible conditions, that is, Test No. 4 for adults and
children, respectively. These tests are to be conducted at both
the upper and lower extremes as indicated in 5.3.1 and 5.3.2.

6.4 Accuracy of Calibrated Controls, Indicators, and Pres-
sure Relief Devices:

6.4.1 Connect the controls fo a calibrated device (generally
one five times more accurate), and test the accuracy of the
controls.

6.4.2 Using the same apparatus as outlined in 6.4.1, activatc
the ventilator and determine the accuracy of the £, ., control.
Review the operation and maintenance manual for pressure
data.

6.4.3 Repeat the tests as outlined in 6.4.2, however, use a
flow of 150 L/min.

6.4.4 Measure the time for at least 100 breaths after a stcady
state is reached.

6.5 Delivered Volume—Measure the volume gas over a
period of 5 min unless the manufacturer can show an equiva-
lent accuracy with a lesser collection time, when measured at
the outlet of the ventilator, with compensation for fresh gas
flow.

6.6 Accuracy of Gas Mixture Controls— Measure delivered
oxygen concentrations at the allowable extremes of pipeline
pressures, that is, at 284 kPa and 455 kPa (41.2 psig and 66
psig). Also measure concentrations at the extremes of resis-
tance and compliance, before and after all ventilator changes
during the Endurance and Wave Form Performance tests, and
under worst case combinations. Collect gases from ten breaths
and the reading recorded when the analyzer has reached a
steady state.

6.7 Expiratory Resistance:

6.7.1 Deliver a flow of 50 L/min into the patient connection
port of the ventilator. Measure the pressure generated at that
point.

6.7.2 Shut off the fresh gas flow, and obstruct the patient
connecting port of the delivery system just after a tidal volume
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is delivered, then shut off the ventilator and read the pressure
gage of the breathing system.

NoTe 4--The test lung has rigid walls; negative pressure carmat
collapse the lung as it would do in actual patient application.

6.8 Svstem Internal Compliance—Review the operation and
maintenance manual provided with the ventilator.

6.9 Firtings Connecting Ventilator and Spirometer:

6.9.1 Visually inspect the connector and attempt to change
connector direction.

6.9.2 Tnspect the ventilator for appropriate marking and
connector position, and review the ventilater circuit diagram.

6.9.3 Attempt to fit a 15, 19, or 22-mm or 30-mm fitting.

6.9.4 Repeat the test as outlined in 6.9.3 for 15 and 22-mm
comnnectors.

6.1¢ Alarms—Connect the power supply to the ventilator,
run according to the manufacturer’s instructions, then discon-
nect the ventilator from the main power supply and determine
that the alarm sounds, and maintains a constant sound pressure
level =3 dB for at least 2 min. Repeat the test as ocutlined
above, and silence the loss of main power supply alamm.
Reconnect the ventilator main power immediately after silenc-
ing the alarm, and then disconnect the ventilator from the main
power supply again and determine that the alarm silencing
mechanism has reset.

7. Warnings and Markings

7.1 Marking:

7.1.1 All breathing circuit components in which the direc-
tion of gas flow is critical shall be permanently marked in such
a way that the intended direction of gas flow is immediately
apparent to the operator.

7.1.2 For the purposes of this specification, all ventilator
system components that contain a valve or valves, the purpose
of which is to establish the direction of gas flow, are considered
1o be flow critical and shall be so marked. Examples include
inhalation check valves, exhalation check valves, and non-
rebreathing valves.

7.1.3 Where markings are applied to breathing systern
compoenents in order 1o indicate the direction of gas flow, the
minimum acceptable marking shall consist of at least one
headed arrow permanently affixed to the component. Where a
component contains more than one check valve, the minimum
acceptable marking shall consist of at least one headed arrow
indicating the direction of flow through each check valve.

7.1.4 All markings applied to breathing system components
for the purpose of indicating direction of gas flow should be
located, if possible, so that they will fali in the operator's
normatl field of view when equipment is in use.

7.1.5 Breathing system components in which the direction
of gas flow is not critical need not be marked to indicate
specific flow direction.

7.1.6 If possible, ventilators should be clearly marked with
the following:

7.1.6.1 Adeguate instructions for lubrication and routine
maintenance.,

7.1.6.2 Operating instructions, if 2 means of hand operation
is provided,

7.1.6.3 Reguired operating gas pressure for equipment op-
erated by gas,

7.1.6.4 Relief pressure of non-adjustable safety valves and
maximum relief pressure of adjustable safety valves,

7.1.6.5 The maximum volumetric displacement, if less than
1400 mlL,

7.1.6.6 The manufacturer’s name or trademark and the
country of manufacture,

7.1.6.7 Inlets and outlets of the machine, and

7.1.6.8 Voltage and current requirements.

Note 5—If it is not possible to mark this information on the ventilator,
an instruction to refer to the instruction manual shall be marked on the
ventilator.

7.1.7 All connectors for electrical and gas supply shall be
marked with identification labels.

Note 6—Precaution: In addition to other precantions, if electrical
components are included in the ventilator, the device should be marked
with the phrase Not For Use in the Presence of Flammable Anesthetic
Agents.

7.1.8 If multiple connection ports are provided, their in-
tended use shall be marked.

7.1.9 Alarm Operating Instructions—The manufacturer
shall provide instructions for testing and setting of the alarm.
These instructions shall be either permanently marked on or
attached to the ventilator or ventilator alarm.

8. Supplementary Requirements

8.1 Information to be Included by the Manufacturer—The
fotlowing information shall be included in the information
provided by the manufacturer:

8.1.1 Recommended means of sterilization or decontamina-
tion, or both, of the ventilator, and

8.1.2 Recommended power supply.



4B F 1101 -90 (1996)
APPENDIXES

(Nonmandatory Information)

X1. CHARACTERISTICS OF YENTILATORS INTENDED FOR LUSE DURING ANESTHESIA

X1.1 Volume Contral:

X1.1.1 Pressure Preset
X1.1.2 Volume Presct
X1.1.2.1 Tidal
X1.1.2.2 Minute
X1.1.3 Combined

X1.2 Cyvcling Control:

X1.2.1 Inspiration to Expiration
X1.2.1.1 Volume

X1.2.1.2 Pressure

X1.2.1.3 Time

X1.2.1.4 Flow

X1.2.1.5 Combined

X1.2.1.6 Manual override
X1.2.1.7 Other

X1.2.2 Expiration to Inspiration:
X1.2.2.1 Pressure

X1.2.2.2 Time

X1.2.2.3 Flow

X1.2.2.4 Combined

X1.2.2.5 Patient

X1.2.2.6 Manual override
X1.2.2.7 Other

X1.3 Tipes of Safety Limits:
X1.3.1 Valume

X1.3.2 Pressure

X1.3.3 Time

X134 Other

X1.4 Tipes of Pressure Patierns:

X1.4.1 Positive-ambient
X1.4.2 Positive-subambient
X1.4.3 Paositive-positive

X1.5 Source of Power:

X1.5.] Pneumatic
X1.5.2 Electric

X1.5.3 Other

X1.6 Power Transmission:

X1.6.1 Direct
X1.6.2 Indirect

X1.7 Source of Inspired Gas:

X1.7.1 Driving gas
X1.7.2 Fresh gas
X1.7.3 Mixed

X1.8 Tpe of Control:

X1.8.1 Pneumatic
X1.8.2 Electronic
X1.8.3 Mechanical
X1.8.4 Combined

X1.9 Classification and Definitions of Tipes of Breathing
Machines:

X1.9.1 Lung Ventilaior-— An automatic device that is con-
nected to the patient’s airway and is designed to augment or
provide for the patient’s ventilation,

X1.8.2 There are four types of lung ventilators:

X1.9.2.1 Controller— A device, ar mode of operation of a
device, that inflates the patient’s lungs independently of the
patient’s inspiratory effort.

N1.3.2.2 Assister—A device or mode of operation designed
to augment the patient’s breathing synchronously with his
inspiratory effort.

NX1.9.2.3 Assister/Controller—An apparatus or mode of op-
eration that is designed to function either as an assister or a
controller, and that may, in default of the patient’s inspiratory
effort, automatically function as a controller.

X1.9.2.4 Assister/Controller—Spontaneous Breathing—
Those devices that incorporate various modes of operation
which allow the patient to breath spontaneously {1) at or above
ambient pressure levels, or {2) with or without supplemental
mandatory positive pressure breaths.

X193 High Frequency Ventilation—Those ventilators that
employ a frequency of greater than 2.5 Hz.

X2, DEFINITIONS OF ALARM CATEGORIES AND ASSOCIATED VISUAL INDICATORS

X2.1 Cuategory I—A sound or indication of potential danger
meaning that urgent action is required. Visual indicator—
flashing indicator, colored red if indicator lights are used.

X2.2 Category II—A sound meaning that increased vigi-
lance or prompt action is required. Visual indicator—flashing
indicator, colored yellow if indicator lights are used.

X233 Category HI—A sound meaning that alertness to a
particular condition is reguired. Visual indicator—continuous
indicator, colored yellow if indicator lights are used.
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X3. RATIONALE

X3.1 Scope:

X3.1.1 This specification defines minimum performance
and safety requirements for all types of anesthesia ventilators.
The Subcommittee preparing this draft was of the opinion that
the major problems with these devices would be addressed by
the requirements that have been included, but was well aware
that not all types of failures (double-fault, triple-fault, etc.) can
be allowed for, and that it is not pessible to design a totally safe
or a totally effective ventilator.

X3.2 Materials Requivemenis:

X3.2.1 Although ideally all components of the ventilator
should be sterilizable, certain components may not be able to
be sterilized with cusrently available metheds without causing
damage to the device. These components should be capable of
being disinfected with a high level disinfectant” or should be
isofated from other portions of the patient breathing circuit.

X33 Performance Reguirements:

X3.3.1 Volume Performance—The tests used to demon-
strate compliance with these requirements were designed to
demonstrate that the ventilaior can provide adequate ventila-
tion under relatively severe circumstances, that is, low com-
pliance and high resistance. However, the values given in 6.1.4
are not considered the worst case. These values are instead
considered to be median values.

X3.3.2 Wave-Form and Endurance—The Subcommittee
felt that 72 h was a reasonable length of time for an anesthesia
ventilator to be able to meet the requirements of the standard
without requiring readjustment or recalibration. The clinicians
on the Subcommitiee felt that it was quite possible that an
ancsthesia ventilator would be required to be used for this
length of time without any possibility for recalibration.

X3.3.3 Power Sources— Fluctuations within the ranges
specified in 5.3 are known to occur in both electrical and
pneumatic power supply systems in hospitals. The causes for
such variation may be cutside the control of the ventilator user.
For example, a decrease in the power supplied by the local
electric utility, or the variation that may result from demand for
power caused by such equipment as elevator motors and
air-handling apparatus within the hospital will cause these
types of fluctuations, The periodic testing of emerpency
generators may also create this type of variation, Pneumatic
power sources may show transient variations as well. The
filling of liquid oxygen bulk reservoirs, changes in pressure
switch settings on compressed air reservoirs, and the tempera-
ture effects on regulator components in nitrous oxide systems
are examples of functional vartations that could cause the
supply pressure to change.

TGarner, 1. S et al, “CDC Guidelines for the Prevention and Centrel of
Nosocomial Infections--Guideline for Handwashing and Hospital Envirenmental
Cantrol, 1985" Amercon Jowrnal of Mfection Contrad, 14:110-129%, 1988, Section
2, pp. 116-126,

X3.3.4 Accuracy of Calibration Controls, Indicators, and
Pressure Relief Devices:

X3.3.4.1 The Subcommittes felt that this was the level of
accuracy that was available with current technology.

X3.3.4.2 Accorate limiting of P .., may be desirable in
certain conditions, for example, ventilation of small premature
infants, The disclosure of the P , ., at 75 L/min provides
clinicalty useful information as it describes the maximum
potential pressure generated in the patient system if the flush
valve on the continuous flow anesthesia machine is activated
during the inspiratory phase of anesthetic ventilation.

X3.3.43 Limits specified in requirements in 5.4.5 and
5.4.5.1 encompass the range of accuracy that the members of
the Subcommittee felt were necessary and appropriate for
clinical performance and that were achievable within current
technology.

X3.3.5 Delivered Volume—The removal of carbon dioxide
depends upon ventilation and the accurate measurement of the
minute or tidal volumes is helpful to facilitate the control of
carbon dioxide levels.

X33.6 Accuracy of Gas Mixture Controls—Maintaining the
accuracy of delivered oxygen concentrations throughout the
range of ventilator performance is important in order to allow
for the rapid and often frequent adjustment of the ventilator
without significant variation in the oxypen concentration.
ANSI Z-79.10 specifies® 3 % oxygen as the range of accuracy
for oxygen analyzers. Limiting the fluctuation to this level at
any given ventilator setting is technologically possible, and
will minimize the time spent making control adjustments. This
should enhance operator confidence in the accuracy of control
settings provided on the gas mixing device. With the exception
of some critical care ventilators intended for use during
anesthesta, the gas mixing device is often the anesthesia
machine itself and not the anesthesia ventilator.

X3.3.7 Expiratory Resistance:

X3.3.7.1 The Subcommittee felt that it was imporiant to test
ventilators by the methods described in 6.7 to assure that
ventilator inherent PEEP greater than 0.49 kPa (5 cm H,0)
was not generated during exhalation in the breathing system of
the ventilator.

X3.3.7.2 Anesthesia ventilators utilizing weighted descend-
ing bellows generate negative pressure when the bellows arc
not seating on the stop. This condition may occur during
anesthesia if the fresh gas flow is low and there is a slight leak
in the breathing circuit, or during closed-circuit anesthesia.

X3.3.8 System Intermal Compliance—Increasing internal
compliance will (/) decrease the actual volume delivered to the
patient from a set volume, and (2) increase measured volume
above the patient’s actual minute volume.

X3.3.9 Firtings Connecting Ventilator and Spivometer:

X3.3.9.1 Flow-direction-sensitive devices such as one-way
valves or humidifiers may be caused to malfunction by
inadvertent connection in the reverse manner, and it is also
possible for injury to the patient to occur if flows of gas are
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misdirected or humidifier contents are erptied into the breath-
ing circuit as a result of such a misconnection.

X3.3.9.2 The positioning of the connector for a bag mount,
if provided, is important s¢ that it is not mistaken for a
connector to a patient breathing tube. The marking of the
connector is important for the same reason. If selector valves
that provide for channeling of the patient’s exhaled volume
into the manual bag are allowed on anesthesia ventilators, it is
possible to then bave two selector valves, one on the anesthesia
machine and one on the anesthesia ventilator, creating a
potentially serious device complication if both selector valves
are set so that no flow goes into the patient.

X3.3.9.3 These requirements are intended to minimize the
possibility of inappropriate connection of the ventilator breath-
ing circuit components to the spirometer outlet, ambient air
inlets or anesthetic gas scavenging connections.

X3.3.10 Alarms:

X3.3.10.1 The Subcommittee felt that a loss of main power
supply alarm with a duration of 2 min was adequate fo allow
personnel 1o reach the ventilator and determine the cause of the
alarm. The Subcommittee also felt that a means for silencing
this alarm when main power was disconnected was important
in order to minimize the number of spurious alarm signals in
the operating room environment. If such 2 means for silencing
an alarm was not provided. every time the ventilator was
disconnected to be maved from the patient area the loss of
main power alarm would sound for 2 min, distracting person-
nel. However, the Subcommittee also felt that the means of
silencing the loss of main power alarm should not be remote
from the ventilator proper, and that when the alarm sounded the
operator should be forced to walk to the ventilator to determine
the cause of the alarm and correct the situation.

X4, HUMAN FACTORS CONSIDERATIONS

TABLE X4.1 Applications of Various Types of Mechanlcal
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FIG. X4.2 Lines of Sight

ASTM International takes no position respscting the validity of any patent nights asserted in connection with any ftem mentionad
in this standard. Users of this standard are sxpressly advised that determination of the validity of any such patent nighis, and the risk
of infringement of such rghts, ars entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical commitieg and must ke reviewed avery fve years and
if not revisad, sither reapproved or withdrawn. Your comments are invited sither far revision of ihis standard or for additional standards
and should be addressed 1o ASTM Internafional Headquarters. Your comments will raceive carefu! considsration al a8 meeling of the
responsible technical commitise, which you may atiend. If you feel that your comments have not received a fair hsaring you should
make your views known to the ASTM Committoe on Standards, ai the address shown below.

This standard is copyrighted by ASTM Intsmational, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 15428-2953,
United States. Individual reprints (single ar multiple coples) of this standard may be oblained by contacting ASTM at the above
addrass or al 610-832-9585 (phone), 610-832-3555 ffax), or service@asim.org (e-maff), or through the ASTM websile
{wway. ashTLorg).



