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INTERNATIONAL STANDARD

1SO 5358-1980 (E)

Continuous flow inhalational anaesthetic apparatus
(anaesthetic machines) for use with humans

0 Introduction

This International Standard specifies -basic requirements for
continuous fiow anaesthetic machines, particularly for the per-
formance and safety considerations. It is recognized that in-
novations il design appear which offer performance advan-
tages and ygt may conflict with specific design:aspects of this
International - Standard. Such innovations are not to be
discouraged| If technigues and technologies advance beyond
those in curfent usage, they must meet the safety and perfor-
mance criterja described in this International Standard. If these
technologied and techniques differ significantly from those
described, this International Standard may be amended or a
new International Standard written to encompass new distinc-
tive aspects

The following words are used in this International Standard in
the senses diven below :

shall : Dgnotes a mandatory requirement.

should : Denotes a recommendation, i.e. a desirable:but not
mandatofy requirement.

may : Denotes an optional requirement.

1 Scope and field of application

This International Standard specifies basic requirements for
continuous flow inhalational_anaesthetic apparatus (anaes-
thetic machihes) and associated components thereof for use
with humansg.

Requirements for_on-demand or intermittant flow anaesthetic
machines arp (excluded from the scope of this International

1SO 407, Yoke-type valve connections (for-small medical gas
cylinders. !

ISO 4135, Anaesthesiology — Macabulary.
ISO 5356, Breathing attachiments for anaesthetic apparatus —
Part 1 : Conical fittings and adaptors.2)
Part 2 : Screwthreaded weight bearing fittings.2
ISO 5362, Anaesthetic reservoir bags.2
ISO 7281, Anaesthetic gas scavenging systems 2

IEC-Publication 601-1, Safety of medical electfical equipment
“ Part 1: General requirements.

‘

3 Definitions

The definitions of terms contained in 1ISO 4134 shall apply.

4 General

4.1 The anaesthetic machine should be as light as possible
and easily movable except where the machine ig designed to be
permanently attached to a wall or ceiling structpire. The design’
of castors and weight distribution of components should be
such as to minimize the possibility of the machine tipping over.!

4.2 The anaesthetic machine shall be designef to provide for

patient safety and simplicity in use.

Standard.

2 References

ISO 32, Gas cylinders for medical use — Marking for identifica-
tion of content.

1) At present at the stage of draft. (Revision of ISO/R 407-1964.)
2} At present at the stage of draft.

4.3 All controls and gauges shall be clearly visible to an
operator with 6/6 vision (corrected) seated or standing 1 m in
front of the machine illuminated at a light level of 215 Ix
(20 foot candles). The markings and calibrations shall be simple
and clearly identified with the controls and gauges, meters or
indicators with which they are associated.
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4.4 Wherever components require periodic service, cleaning
or calibration, the design shall facilitate these operations, and
the manufacturer shall recommend the intervals at which this
service shall be performed.

NOTE — Anaesthetic machines should be serviced at regular intervals
in accordance with the recommendations of the manufacturer. .

4.5 Fragile components of the anaesthetic apparatus, such
as flowmeters, shall be well protected and secured to minimize
accidental damage.

a flow not exceeding 200 ml/min measured at room
temperature and pressure, from an open cylinder in one yoke at
a pressure up to 15000 kPa through another yoke to at-
mosphere or 1o an empty cylinder.

5.4 Each cylinder connection shall be clearly and perma-
nently marked with the name or chemical symbol of the corres-

- ponding-gas. Where. colour coding is additionally used, it shall

be in accordance with 1SO 32, unless otherwise required by na-
tional regulations.

4.6 The apppratus should be designed to facilitate cleaning
by hand and by mechanical devices. Finishes should withstand
anaesthetic agents and commonly used cleaning and disinfec-
ting agents (sge clause A.2 of the annex). The apparatus shall
be free from gharp edges and all accessible corners shall be
well-rounded.

should be proyided with means to convey the surplus or waste

4.7 The bre1t.‘hing system and anaesthetic ventilator, if fitted,
gas to a system for its disposal (see 1SO 7281).

4.8 All components of the entire breathing system (i.e.,
breathing tubgs, directional valves, absorber and absorbent

6 Pipeline inlet connections

6.1 The oxygen and nitrous oxide-gas systemg should each
include pipeline hose inlets for cénnection to plpelines com-
monly installed in hospitals and other buildings fgr distribution
of these gases from central supplies. These inlets shall be the
“body”’ (see figure 1) of the fittings as covered in the ap-
propriate national standard’ until an Internationa) Standard is
agreed. Such inlet connections shall be non-intprchangeable
and gas specific, > ‘

NOTE — Further consideration is to be given to the pr¢paration of an
International, Standard for non-interchangeable and gas specific con-
nectors.

containers, et(
designed to wif

.), except for disposable components, shall be
hstand accepted methods of steam sterilization,

or the manufagturer shall describe in the operating manual the

sterilization or

disinfection methods which may be used and

state any spefial precautions which may be required. The
design of bregathing system components shall provide easy
disassembly where required for satisfactory sterilization:

6.2, Uni-directional valves shall be provided W
reverse flow of gases from the apparatus to the
atmosphere if connections for gas cylinders are a

6.3 If pipeline inlet connections for gases other
oxide and oxygen (outlet connections for vacu

hich prevent
ipelines or to
so provided.

than nitrous
im) are pro-

4.9 Electricﬂw ovperated compo’n‘e:nts, if provided, shall com-
ply with the reJevant requirements of IEC Publication-601-1.

5 Medical gas cylinder conngctions

5.1 . Medical | gas. éylinder cohfiections shall be non-

interchangeable between different,gas services. All anaesthetic
machines_shalf be provided-with means of connection to.a
reserve oxyger| supply.

5.2 Each cylindefr_connection or group of interconnected
cylinder connegtions shall be provided with a filter for the en-
trapment of parti i i
needle valve or pressure regulator.

5.3 Each medical gas cylinder.having a pin index yoke-type
valve connection as specified in 1SO. 407, whether used as a
service or reserve supply, shall be connected to the anaesthetic
machine by a corresponding pin-indexed yoke. The yoke may
also (but need not) provide for the support and orientation of
the cylinder (i.e. be a hanger yoke). Where hanger yokes are
provided, all yoke details, including the pin index safety
system, shall be in accordance with ISO 407.

If two more interconnected yokes are provided for the accom-
modation of cylinders of the same gas on the anaesthetic
machine, means shall be provided to limit the leakage of gas to

vided, they shall be gas specific.

7 Pressure gauges and cylinder corntents
indicators

NOTE — Pressure gauges cannot indicate the contents of cylinders
containing liquefied gas.

7.1 Each gas supplied at cylinder pressure to th¢ anaesthetic
machine shall be monitored by a cylinder pressiire gauge or

contents indicator. An - exception may - be| made for
cyclopropane. The gauge shall be capable of |indicating a
al maximum

working pressure of the cylinder at 20 + 3 °C.

7.2 If more than one cylinder yoke is supplied for any gas,
one gauge should be provided for each yoke. If only one gauge
is provided for a group of yokes, it shall be possible to open the
cylinder valves in any sequence so that the pressures in
separate cylinders can be determined.

7.3 Gases supplied by pipeline from central supplies at re-
duced pressures may be monitored by pressure gauges. These
gauges shall indicate the pressure of gas in the pipeline hoses
when attached to the machine. The gauge scale shall be
capable of indicating a pressure of at least 33 % greater than
the nominal pipeline pressure.
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7.4 The maximum error of all gauges described above shall

not exceed

7.5 Allcy
dividual an3
span angle

+ 4 % of the full scale reading.

inder pressure gauges of a circular type on‘any in-
esthetic machine shall have a substantially equal
to within = 10°. The span angle, from the lowest

pressure indlication to the maximum pressure.indication, shall

be not less
pressure grd
9 o’clock or

7.6 Thein
parent and
shall overlay
the pointer
shorter than
background

han 180° and not more than 300°, with the lowest
duation mark at the same pagsition between 6 and
the dial.

dicating end of the.pointer shall be immediately ap-
shall contrast with/the background. The pointer
but not obscure the scale marking. The tail end of
shall be as short as practicable and significantly
the indicating end and should either blend with the
or be'\masked from view.

“Nut and nipple’’

igure 1 — Gas specific connectors illustrating “’body” and “nut.and nipple” components (see(6.1))

is additionally used, it shall be in accordange with 1SO 32,
unless otherwise required by national regulatigns.

7.8 Cylinder and pipeline pressure gauges shpll be graduated
in kPa x 100*; the units shall be clearly markgd on the dial.

7.9 The gauge shall be designed and constqucted in such a
manner that when a pressure equal to the ma'Limum pressure
indicated on the dial is applied to a gauge having the pressure
sensing element removed, no parts shall be expelled free of the
gauge enclosure. The gauge may be furnished with restrictors
in the inlet pressure connection and the gauge case shall have
means of venting to prevent case internal presgure build-up. If
employed, vent covers not secured to the gauEe case shall be
designed to open at a suitably low pressure apd shall be of a
resilient material that will reduce the risk of injury to personnel.

NOTE — Reference should be made to the annek concerning the
choice of materials. r

7.7 The dJauge shatt-have o scatetengthof Tot—tess—than

50 mm and,

The gauge

if circular, should be at least 38 mm in diameter.
shall be clearly identifiable with the name or

chemical symbol for the gas it monitors. Where colour coding

* 100 kPa

=~ 1013 mbar

** 100 Pa = 1 cmH50

7.10 Pressure gauges - for breathing systems shall be
graduated in either Pa x 100**, or cmH50.
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8 Pressure regulators

8.1 There shall be an automatic pressure reducing regulator
system for each gas supplied to the machine at a pressure in ex-

cess of 1000 k

Pa. Each system may consist of one automatic

. pressure reducing regulator, or of two or more automatic
pressure reducing regulators in series.

8.2 The regulators should be designed so that the

when the pipellne is delivering at its rated- value, in preference

9 Machine gas piping

9.1 Any gas piping system shall be capable of withstanding
four times its normal working pressure without rupture. Joints
and unions in the system shall not loosen in normal use.

9.2 The maximum permissible leakage on each gas service,
except oxygen, between the high pressure and/or pipeline in-
lets and the flow control valves shall be 25 ml/min at normal
operating pressure. Venting of air or oxygen from fluidic or

anaesthetic machine uses the gas supply from the pipeline neumatic_components shall be excluded from this require-
ment. The maximum leakage rate on all gas services between
to other suppligs. that are connected to it. the flow control valves and the common gas,oltlet shall be

8.3 To ensurp that the flow through one flow control valve is

not seriously
another such

hffected by any change in the adjustment of

alve controlling gas from the same source, the

delivery pressule of the regulator system to such valves shall in-
crease by not rhore than 10 % of its initial value when the flow

of gas is reduc
flowmeter for

d from 10 |/min to the lowest flow for which a
hat gas is calibrated.

8.4 To ensurg that the flow through a flow control valve is
not seriously aIfected by abrupt changes in supply pressure,

the delivery pr
shall change b

supply pressurg.

ssure of the regulator system to such a valve
not more than 0,7 kPa per 100 kPa change in

8.5 To ensurp that the flow of oxygen is restored substan-

tially to its pre
flush valve the

ious value after each operation of the  oxygen
ollowing type test shall be performed : using an

indicated oxygéen flow of 2 I/min, the flow shall be restored to

2 +0,1 litres W
valve operation
ween flushes.

8.6 To ensur

thin 2 s of the end of each of ten cycles of flush
of 10 s duration each with a_pause of 5 s bet-

b the safety of anaesthetic machines and adja-

cent structure
regulatorinas
at not more th

In the event of
valve shall be ¢

and personnel,>a single regulator or the first
ries shall be fitted with a relief valve that opens
n twicesthe nominal delivery pressure.

dilure or malfunction of the regulator, the relief

50 ml/min at a pressure of 3 kPa (30 cmH»0)) Vag
to the machine by the manufacturer shall be turng
test.

orizers fitted
d on for this

9.3 The manufacturer's maintenance manual shall include in-

structions for testing for correct assembly and ¢
each gas supply system. and any vaporizers f
machine and suchtests shall be carried out be
paratus is released \for use or when repairs or ¢
been carried odt/on a machine which involve the
vaporizers.

9.4 . Except where the connectors of gas pipi
interchangeable, anaesthetic machine pipework sh
identifiable by appropriate labelling at each junctig
the piping joins a component, for example a val
name, chemical symbol or other coding of the gas

pnnection of
itted to the
fore the ap-
hanges have
gas piping or

ng are non-
all be readily
n and where
. Either the
hall be used

at each junction.

- 9.5 Gas system components, either separately of in combina-
tion, shall be compatible with the appropriate gas under the
conditions of containment and use (see the annex).

10 Flow control valves

10.1 The device which controis the rate of flow of any gas
through its associated flowmeter by manual adjystment shall
be referred to as a flow control valve.

not more than three times the nominal delivery pressure when
the supply pressure is 50 % greater than the nominal max-

imum.

NOTE — This relief valve can only be effective in a situation in which
the delivery pressure slowly increases as the result of leakage at the
regulator valve seat and cannot safeguard against its catastrophic

failure.

In a regulator with a diaphragm designed to rupture under over-
pressure conditions, the diaphragm shall rupture at between
three and six times the nominal delivery pressure. The body of
the regulator shall be sufficiently robust to maintain its integrity

in the event of

diaphragm rupture.

10.2 Each rotary flow control valve shall continuously
increase flow (within the limits of its associated flowmeter) by
being turned in a counter-clockwise direction and vice versa.

10.3°  Each flow control valve shall be capable of adjusting the
rate of flow to any value within the range of its associated
flowmeter whenever the supply and delivery pressure are
within normal limits for the intended application.

10.4 Under conditions of constant inlet and outlet pressure
and constant ambient temperature the flow control valve shall
maintain within + 10 % or = 10 ml/min whichever is greater,
the established rate of flow for a period of 10 min.
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10.5 Ataniniet pressure of at least 300 kPa and the minimum
normal delivery pressure, each rotary flow control valve shall re-
quire rotation of its control knob through at least 90° in order to
achieve adjustment of its associated flowmeter through the
upper 90 % of its scale range.

10.6 Each flow control valve, when in the closed position,
shall be capable of limiting the flow under the pressure limits
given in 10.5 to not more than 1 mi/min measured at
20 + 3 °C and at a pressure of one standard atmosphere
(1 013 mba#)

ISO 5358-1980 (E)

-~

/

10.7 Tyge test : Rotary flow control valves shall permit the
operation ¢f the stem through 5 000 cycles of at least one full
rotation in pach direction to open and close the valve before the
seal leakage rate exceeds 5 ml/min when measured at
20 £ 3°C| at a pressure of one standard atmosphere
(1 013 mbgr).

10.8 Eadh flow control valve shall be adjacent to or readily
identifiablg with the flowmeter it controls.

10.9 Thq knob for each flow control valve shall be ciearly and
permanengy marked with the name or chemical symbol of the
gas which |t controls. Where colour coding is additionally used,
it shall be ify accordance with 1SO 32, unless otherwise required
by national regulations.

10.10 Figw control knobs for vaporizer flowmeters\shalt be
labelled “VJAPORIZER"”, or, in the case of an agent-specific
vaporizer, yith the name of the agent for which, the vaporizer is
intended t¢ be used.

10.11 The stem of a rotary flow_control valve shall be de-
signed so that either it cannot be'disengaged from the balance
of the valvg by continuation of-the adjusting motion, or the mo-
tion requifed shall be at/least five full turns or double the
number required to effect-adjustment over the upper 90 % of
the flowmeter scaie Jength, whichever is the greater.

10.12 Td tmake the oxygen flow controi knob physically
distinguish i isti e =
dance with figure 2. It may be arranged to project beyond the
knobs controlling other gases in a bank of flow meters and it
shall not be recessed. Its diameter shall be not less than the
diameter of the knobs controlling all other gases. This con-
figuration shall be used only for the oxygen control knob. All
other flow control knabs, including those for vaporizers, shall
be round. The surface finish serrations of these other knobs
shall have a depth not exceeding 1 mm.

10.13 The flow control knobs should be so designed as to
minimize inadvertent change from a preset position, preferably
by providing a recess, shield or other barrier which protects the
control knobs.

AN

-
Nz
s

A N

D
—~ | =7
- 1,20 D
Figure 2 — Profile of oxygen flow cagntrol knob for

applications other than vaporizer flgw control

M Flowmeters

more flowmeters for each gas supplied to the patient but only

11.1 The anaesthetic machine may be equanaped with ‘one or
one flow control valve shall be provided for each gas.

11.2 Each flowmeter shall be graduated fof discharge into a
standard atmosphere at an operating temperature of 20 °C. All
flowmeters shall be graduated in units of litres per minute. For
flows of 1 1/min or less, the flow may be eXpressed either in
millilitres per minute or in decimal fractions of a litre per minute
(with a zero before the decimal sign) subject to the method of
graduation being consistent on any one anaesthetic machine.
Flowmeter scales for heated flowmeter-controlied vaporizers
which are maintained at a constant temperature shall be
graduated in units of flow of vapour. Unheated flowmeter-
controlled vaporizers shall be graduated in units of flow of
carrier gas.

11.3 . The manufacturer shall state in the machine specifica-
tion and instruction manual the limit of error for each of the
flowmeters, this to- be expressed as a maximum percentage
deviation from the indicated flow when measured at ambient
conditions of 20 °C and a standard atmosphere (1 013 mbar).
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11.4  Appropriate measures should be taken to minimize the
build up of electrostatic charges both inside and outside the
flowmeter tubes and their housings.

11.5 - Where oxygen and other gases are delivered by their
respective flowmeters into a common manifold, the oxygen
shall be dehvered downstream of all other gases.

11.6 The oxygen flowmeter shall be situated at one extremity
of a bank of flowmeters. The carrier. gas flowmeter for a

Any other system-of connecting ports on vaporizers of this
type shall be designed so that the vaporizer cannot be at-
tached to the machine incorrectly.

b) Vaporizers suitable for use in the breathing system shall
— except where ¢) applies — have standard male/female
22 mm fittings or standard threaded weight bearing fittings.
The inlet and outlet ports should be so marked and the
direction of gas flow shall be indicated by arrows.

¢) Where a vaporizer otherwise suijtable for use in a

flowmeter-controlled vaporizer which is an integral part of the
i ;%Jf;mmwmwbly which
anaesthetic madhine shall be situated at the opposite end of the is not a part of the breathing system (for exarple on the

flowmeter bank|to the oxygen flowmeter. If there is a separate
vaporizer with ah attached flowmeter, then this flowmeter shall
be separated by} at least 100 mm from the oxygen flowmeter.

11.7 Flowmetgrs of the tube type shall be clearly separated to
avoid confusion. The flowmeter scale shall be'marked on the
flowmeter tube pr if separate shall be located on the right-hand
side of the tubg as viewed from the front and shall be so de-
signed that the $cale, tube and float are linked. In all cases the
name or symbol for the gas shall be marked on the flowmeter
tube, for example low flow oxygen or high flow oxygen. Means
should be empldyed to identify the float with its scale and tube.

11.8 The manufacturer shall, as far as practicable, ensure

that the flowmeters and their tubes are not interchangeable
between the cofrect flowmeter locations or between high and
low flow locatigns of the same gas.

11.9 At present it is difficult to prevent incorrect re-assembly
between float apd tube. A service check is therefore essential
after re-assembly. Each flowmeter assembly shall be clearly.and
permanently marked with its calibrations, the unit of measure,
and the name of chemical symbol-of the gas or gas.mixture it
measures, except that if it measures a gas acting as a vehicle
for a vaporizer Whose effluent is a substantially-eonstant ratio
of the vehicle gas and the vapour of a. single agent; the
flowmeter may be calibrated for the flow\of vapour and iden-
tified by the namje of the vaporized agent~Where colour coding
is additionally Jsed, it shall be jn\accordance with ISO 32,
unless otherwisg required by national regulations. Devices may
be provided to gssist visibility:

11.10 The indicator of the flowmeter shall be visible to the
user at all settings. The'point of reference for reading the float
or indicator shall be’indicated on the flowmeter assembly.

13 Mixing devices

“back bar’’) its ports shall be fitted with eonnegtions in ac-
cordance with a). ‘

13.1 Where a mixing device is used in addition tp or instead
of independent flow of-different gases, it shall be clearly
marked to indicate/the gases controlled, and the pgrcentage of
oxygeh delivered) ‘Wieans should be provided tq verify the
delivered oxygen ‘concentration output of the mixing device.
Mixing devices shall comply with the requirements|of 10.4 and
11.3. Theytotal rate of flow of the gas mixture delivered shall
also belindicated. '

13!2 The function of all controls of mixing deviges shall be
clearly indicated. Flow control valves, if fitted, shall[be adjacent
to or readily identifiable with their respective flowmeters.

14 Flowmeter-controlled vaporizer systems

14.1 The anaesthetic machine may be equipped [with one or
more vaporizer systems in which the concentration pf vapour in
the mixture delivered to the common gas outlet shgll be predic-
table if the absolute pressure in the vaporizer, [the vapour
pressure of the volatile agent, and the rate of floyv of vehicle
and diluent gases are known, provided that the gas passing
through the vaporizer chamber is saturated with the agent.

This system shall include a flow control valve and associated
flowmeter for metering gas through the vaporizer, ja vaporizer,
a shut-off valve and/or check valve. The performpnce of the

12 Connections for vaporizers

Ali connections for vaporizers shall be in accordance with
1SO 6356, namely :

a) Vaporizeré unsuitable for use in the breathing system
shall not be fitted with breathing system connectors. The
direction of gas flow shall be marked with arrows.

Where such a vaporizer not intended for use in a breathing
system is provided with conical connectors at its inlet and
outlet ports these shall be of nominal 23 mm size in-accor-
dance with ISO 5356 and with the inlet port. male and the
‘outlet port female.

flow control valve and Tlowmeter shall be in accordance with

clauses 10 and 11 respectively.

Flowmeter scales for heated flowmeter-controlled -vaporizers
which are. controlled at constant temperature shall - be
graduated in units of flow of vapour. Unheated flowmeter con-
trolled vaporizers shall be graduated in units of flow of carrier
gas. All vaporizers on one machine shall be similarly graduated.

14.2 The shut-off valve,. or similar device shall operate to
stop the flow of vapour from the vaporizer to the common gas
outlet of the anaesthetic machine. All carrier gas flowing
through the vaporizer flowmeter shall be delivered to the com-
mon gas outlet. The check valve shall operate to prevent the
reflux of any gas into the vaporizer from its outlet.
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The shut-off valve control shall be visible to the operator from
his normal operating position. The valve shall be designed so
that it will normally remain in either the ‘on”’ or “off’" position.

14.3 The vaporizer shall be equipped with a thermometer, to
indicate the vapour or liquid temperature within the vaporizer
when it is filled to the minimum level recommended by the
manufacturer. The manufacturer shall state in the operating
manual the performance specifications and limits of error of the
vaporizer and whether the temperature measured is that of the
vapour or liquid phase. This shall include the conditions which

iSO 5358-1980 (E)

ditions at an ambient temperature of 20 + 1 °C at one stan-

dard atmosphere (1 013 mbar} :

a) The vaporizer is filled to the minimum level recommen-
ded by the manufacturer.

b} The pressure fluctuation produced at the common Qas
outlet at 15 cycles per minute is 4 kPa (40 cmH,0).

¢} This pressure falls from its maximum to its minimum
valuein 1 = 0,2 s.

affect vaporizer performance (1oT  exampie Temperature,

barometriq pressure, flowmeter accuracy and degree of filling
of vaporizgr).

14.4 Thq vaporizer shall be equipped with a liquid level in-

dicator. The vaporizer shall be designed so that it cannot be
overfilled gnd can be readily emptied in accordance with
manufactufer’'s instructions.

14.5 if the vaporizer is designed for use with a single agent
the filling and emptying mechanism may be fitted with a per-
manently dttached standard agent-specific filling device.!

14.6 A rpmovable keyed liquid anaesthetic agent filling and
emptying device may be provided for universal flow controlled
vaporizers| Such a device shall automatically empty the
vaporizer When it is detached and prevent refilling until the
filling/ draining mechanism is re-attached.

14.7 To prevent cross-contamination of the contents of‘orie
vaporizer Jvith another agent, a system should be provided
which isolgtes the vaporizer{s) not in use from each gther and

prevents gas passing through the vaporizer chamber of one
vaporizer and then through that of another. The methaod of at-
tachment pf vaporizers to the machine ;should permit their

ready interchange by the user.

14.8 Thd vaporizer system shallincorporate means which ef-
fectively pfevent the displacement of liquid or foam from the
vaporizer t¢ the common gas outlet either with the use of flows
50 % greater than the surn.of the ranges of its vaporizer carrier
gas flowmeters or by changes in pressure caused by occluding
and then opening the'‘common gas outlet at any flow through
the vaporizer flowmeters within the sum of their calibration
ranges and|at ahy filling up to the maximum indicated level (see
also remarks-on foaming of anaesthetic agents in the annex).

d) " The total gas flow is 1 {/min.

e) The vaporizer flowmeter is set'to-deliver 3 % of its max-
imum graduated flow or the mifimum graduated flow if this
is greater than 3 % of the maximum gradyation value.

f)  The concentration shall be measured after the intermit-
tent back pressure condition has been maintained for bet-
ween 2 and 5 mip.

g} The testishall be repeated with the saz:e conditions ex-
-cept that the flow shall be 10 I/min and the pressure fluc-
tuation produced shall be 10 kPa (100 cmid,0).

14.30 " If an anaesthetic machine is fitted |with flowmeter-
controlled vaporizers calibrated in units of flow of vapour pro-

duced by the carrier gas, then all flowy
vaporizers on that machine shall be similarly
vaporizer being labelled for the exclusive use ¢

meter-controlied
graduated, each
f, and graduated

for, the vapour of the intended agent (see al$o 14.1).

14.11 Electrically heated vaporizers

14.11.1  If the vaporizer system includes megns for electrically
heating the vaporizer and its contents, a theimos’tatic control
shall be provided to’initiate the operation of [the heater when
the vaporizer temperature falls below a selected temperature in
the range of 20 to-25°C and terminate the |operation of the
heater before the vaporizer temperature has rigen by 2°C above
the selected temperature.

14.11.2. Each electrically heated vaporizer shall be equipped
with an indicator lamp which is illuminated whenever the heater
is operated. The indicator lamp shall be visible to an operator
standing or sitting 1 m in front of the machirje.

The vaporizer system shall incorporate means which effectively
prevent the displacement of liquid from the vaporizer to its
flowmeter(s) in the event of occlusion of the common gas
outlet if the system is otherwise free of defects.

14.9 Type test: The average delivered concentration
(volume percentage or partial pressure) from the vaporizer shall
not change by more than 20 % under the following test con-

1) - This will form the subject of a future publication.

2) |EC publication 601-10 is at present under consideration.

14.11.3 Electrically heated vaporizers shall comply with the
relevant requirements of IEC Publication 601-1 and the par-
ticular publication? dealing with electrical requirements for
anaesthetic machines. .

14.12 Manufacturers’ manuals shall state the intervals at
which vaporizers should . be. serviced. and. the .accuracy of
calibration checked. .
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15 Concentration-calibrated vaporizers

15.1 The anaesthetic machine may be equipped with one or
more concentration calibrated vaporizers which are capable of
accepting a gas flow of 15 I/min from the anaesthetic machine
flowmeters and in turn, delivering the gas flow with a predic-
tabie concentration of vapour. Control of the vapour concen-
tration shall be provided by means of calibrated knobs or dials.
The conditions of use may include extreme variations in am-
bient temperature, ambient pressure, back pressure and input
flow. Their effects on performance shall be stated in catalogues

indicated level without the discharge of any liquid through the
vaporizer outlet when used in accordance with the manufac-
turer's recommendations.

15.10 Type test : The average delivered concentration from
the vaporizer shall not change by more than 20 % under the
following test conditions at an ambient temperature of
20 + 1 °C at one standard atmosphere (1 013 mbar) :

a) The vaporizer is filled to the minimum level recommen-
ded by the manufacturer.

and instruction manuals.

15.2 The extent to which temperature and input flow in-
fluence the vapour concentration shall - be stated by the
manufacturer the vaporizer or the anaesthetic machine
itself, or in a rhanual. If this information is provided in the
manual only, then a label shall be placed on the vaporizer listing
the variables which affect its performance and- directing the
users attention fo the manual.

15.3 Concentfation-calibrated vaporizers shouid be located
between the flgqwmeter manifold outiet and the common gas
outlet. To prevgnt cross contamination of the contents of one
vaporizer with Another agent, a system should be provided
which isolates the vaporizer(s) not in use from each other and
prevents gas pdssing through the vaporizing chamber of one
vaporizer and tHen through that of another. The method of at-
tachment -of vgporizers to the machine should permit their
ready interchange by the user.

15.4 As presgntly available controls are unable to prevent
trace concentrations of anaesthetic vapour escaping into\the
breathing system, it is desirable that means be provided to
isolate the vapofizer and its vapour from the breathing.system
when the contrgl is in the “‘off’’ position.

15.5 The calibrated knob, or dial, should-be . marked in such a
way that it can pe easily read standingcata’‘distance of 1. m-in
front of the maghine by a person having 6/6 corrected vision
under normal operating room conditions. The marking shall
indicate volume|per cent and the "off'’ position.

15.6 The vapprizer shall\be equipped with a liquid level
indicator. The vaporizer,shall be designed so that it cannot be
overfilled when |in_the normal operating position and can be
drained in accondance with the manufacturer’s instructions of

b)  The pressure fluctuation produced at the.cpmmon gas
outlet at 15 cycles per minute is-4 kPa {40/¢cmHpO).

¢) This pressure falls from its maximum to ifs minimum
valuein1 £ 0,2s.

d) The total gas flow is 1/min.

e) The vaporizer graduated scale is set to deliyer 20 % of
its maximum numerical graduated value or the minimum
operating graduation value if this is greater than R0 % of the
maximum graduation value. )

f) ThelConcentration shall be measured after the intermit-
tent back pressure condition has been maintaiped for bet-
ween'2 and 5.min.

g) The test shall be repeated with the same conditions ex-
cept that the flow shall be 10 I/min and the prpssure fluc-
tuation produced shall be 10 kPa (100 cmH,0).

15.11 Any vaporizer equipped with an electrical [heater shall
comply with the relevant requirements of IEC Publi¢ation 601-1
and the particular publication dealing with electrical re-
quirements for anaesthetic machines.

15.12 Each electrically heated vaporizer shall be equipped
with an indicator lamp which is illuminated whenevgr the heater
is operated. The indicator lamp shall be visible to pn operator
standing, or sitting 1 m in front of the machine. Such
vaporizers shall be fitted with a thermometer visitjle from the
front of the machine marked to indicate the corregt operating
temperature range.

15.13 Manufacturers’ manuals shall state the Lmervals at
which such vaporizers should be serviced and the pccuracy of

substantially all liquid but that contained in-the wick.

15.7 If the vaporizer is designed for use with a single agent
the filling and emptying mechanism may be fitted with a per-
manently attached standard agent-specific filling device.

15.8  All vaporizer control - knobs shall open counter-
clockwise (i.e. in the same direction as for gas flow controi
valves) and the units of calibration shall be marked on the con-
trol knobs or on a scale.

15.9 The vaporizer system shall permit flows up to 75 I/min
from the flowmeter assembly with the vaporizer either in the
“on’’ or “‘off"’ position with the vaporizer filled to the maximum

calibration checked.

16 Non-calibrated vaporizers

NOTE — Performance requirements for non-calibrated vaporizers
cannot be specified.

16.1 The anaesthetic machine may be equipped with one or
more non-compensated vaporizers of a simple flow-over’” or
“bubble-through’ type, designed to accept total gas flow. If
the flow is uni-directional, the flow direction shall be marked on
the vaporizer body and in bubble-through types a mechanism
shall be incorporated to prevent the discharge of liquid agent
and/or foam even in the event of reverse gas flow.
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