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This standard is issued under the fixed designation F 1452; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonef indicates an editorial change since the last revision or reapproval.

INTRODUCTION

The measurement of the concentratior-ef-halation inhaled anesthetic gases is becoming common
practice. This specification establishes minimum safety and performance requirements for anesthetic
gas monitors that are achievable within the limits of existing technology.

The appendix-that-felltews contains rationale for some ofthe-most important requirements. It is
included to provide additional insight for the reasoning that led to the requirements and recommen-
dations that have been incorporated in this specification.

SECHON

This specification uses IEC 60601-1:1988 including Amendment 1 and 2 (hereafter called the
General Standard) for many of the general requirements for safety. Additional requirements specific
to anesthetic gas monitors begin at Clause 60.

SECTION ONE—GENERAL
The clauses and subclauses of this section of the General Standard apply except as follows:

1. Scope

1.1 This clause of the General Standard applies except as follows:

1.1.1 This specification applies-to-ANESTHETHC-GAS-MONITORS anesthetic gas monitors used with adults, children, and
neonates.

1.1.2 Itdoes not apply to devices intended for use in laboratory research applications, non-human applications, or for calibratio
of anesthetic agent vaporizers.

1.1.3 This specification does not apply to anesthetic gas monitors intended for use with flammable anesthetic mixtures.

2. Referenced Documents

2.1 The following standards contain provisions, which, through reference in this specification, constitute provisions of this
specification. At-a the time of publication of this-deeument, specification, the editions indicated were current. All standards are
subject to revision, and parties using this specification are encouraged to investigate the possibility of applying the most recer
editions of the standards listee-betow. as follows.

2.2 ASTM Standards:

1 This specification is under the jurisdiction of ASTM Committee F-29 on Anesthetic and Respiratory Equipment and is the direct responsibilitymohi8abco
F29-61-06-on-Anesthetic-Agent-Analyzers. F29.11 on Gas Monitors.

Current edition approved-Beeember—5-—23992. April 10, 2001. Published—3dure 1993. December 2001. Originally published as F 1452 —92. Last {wevious edi
F 1452 — 92.

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
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F 1054 Specification for Comcal Fittings of 15-mm and 22-mm §|zes
F 144613 Specification fer-M ¥ ’ 3

v stems of Alarm Signals in
Medical Equment Used in Anesthee+a—Gas—Mae|%nes

Gases and Respirgtory Care

2.3 IEC Standards’

IEC 60079-4:1975 Electrical Apparatus for Explosive Gas Atmospheres—Part 4: Method of Test for Ignition Temperature

1IEC 60601-1:1988 Medical Electrical Equipment—Part 1: General Requirements for Safety—{(FhispartietlartEC-standard is
ﬁe&ed%&a&#m—@a%eral%f&ad&rdﬂeughetﬁ—ﬂm&deebmeﬁ%th&sectlon Including Amendment-3-and-ctause-numbering as
well-as-the-tittes-used-herefollow-these-used-in1EC-601-1.)

+E%651—}9¥9—Seuﬁd—|:eve4—Meters

%&W’[ 2
IEC 60601-1-2:1992 Medical Electrical Equipment: Collateral Requirements Electromagnetic Compatibility

2.4 1SO Standard§

: Electro-

ISO 7000 1989 Graphical Symbels—For for Use on Equipment—Index and Synopsis

ISO 7504 1984 Gas Analy3|s—VocabuIary

2.5 Other Documents:

NFPA 53M Fire Hazards in Oxygen-Enriched Atmospheres—1990 Edition

AAMI HE-48:1993 Human Factors Engineering Guidelines and Preferred Practices for the Design of MedicalDevices
AAMI ES-1:1993 Safe Current Limits for Electromedical Appar&tus

CGA C-9-1982 Standard Color Markings of Compressed Gas Cylinders Intended for Medieal-dse-in-the-United States
MNERAZE-1003— Matonat-Sleette-Setle

1SO-7000-1984—Graphie
| ISO 4135: 1995 Anaesthesiology—\Vocabulary

3. Terminology

| 3.1 befinitions—Fhe-definitions-givenin-ClauseClause 2 of the General Standare-apply, applies together with ISO 4135 and

the following additions:

3.1.1 accuracy—the quality that characterizes the ability of a device to give indications approximating to the true value of the
quantity measured.

3.1.2 alarm conditior—an-ndication-that-some-undesirable—a condition that occurs-whexn a variable that is being monitored
by an alarm system equals or falls outside the set alarm limits.

3.1.2.1 Discussior—The monitored variable may be displayed or internal.

3.1.3 alarm-set-peoint limit(s}-the-setting-of-the-adjustment-control-or-display-value,—value(s)-thatindicates are set by the
anesthetie-gasreading, at manufacturer, the device, the user-er-beyond operator which define the threshold range ef the alarm i
intended-to-be-activated. condition.

3.1.3.1 Discussior—Terms such as “alarm-imits” set points” or “alarm threshold” are frequently used to describe the same
function.

3.1.4 alarm-system signatthese-parts—a signal, the purpose of which is to alertthe-anesthetic-gasmonitordhedtablish
the-atarm-setpoint(s)2f-activate operator of an-alarm-when abnormal condition irthe-anesthetic-gasreadingisless than patient
oreguatto thedow-alarm-setpeintifprovided, equipment that may develop into a safety hazard which requires operator awareness
or-is-eguatHo-er-greater-than-the-high-alarm-set-point. action.

2 Annual Book of ASTM Standardgol 13.01.
I Available from Amerlcan Natlonal Standards Instlt&te—H—GG—BFeadway 25 W. 43rd St 4th Floor, New York#NY-10018. 10036.

4 Available fro omp d Ga a ay, gton—Va-22202. National Fire Protection Association (NFPRntE7 vt
I Boston MA 02210

I 5Assomatlon for the Advancement of Medlcal Instrumentaﬂon 1110 N Globe Rd Swte 220 Arlington, VA 22201-4795.
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3.1.5 anesthetie-gas—tevelalarm systerthe—volume—perecent—a system that is intended to make the operator(s) aware of
anesthetie-gas an alarm condition-in-a-gaseeus-mixture. the patient or equipment, by means of its alarm signal or signals.
3.1.6 anesthetic gas levetthe concentration (volume percent) of anesthetic gas in a gaseous mixture.
3.1.7 anesthetic gas monitera device for the measurement of the concentration—er—partial-pressure (volume percent) of
anesthetic gas(es)-in-ventitatory-gases.
3-1:6-+_a gaseous mixture.
3.1.7.1 Discussior—The anesthetic gas monitor consists of all equipment, including accessories, sensor, and sampling tube (if
a dlvertlng type) specrfled by the manufacturer for the mtended use of the anesthetlc gas monitor.
y display.
3 1. 8 anesthetrc gas—seavengmg—systems readraﬁtems—that—eeHeet—and—remeve—the—excess—the measured anesthetic gases
: s or exhaled gas level
ic agents monitor display.
3.18.1 Dlscu55|on—Th|s may be expressed mane_y surtable unit such as volume percent er partizal pressure ing kilopascals
or millimeatres of mercury.
3.1.9 anesthetic gas—transducer scavenging systenmnplete systems that collect and removie excess gases and vapors
released from equipment used in administering anesthesia, or exhaled by the patrent—fer—eonver&ng—the—par&&l—pfessure or volun
pereent purpose of conveying these gases and vapors-te-an-anesthetic-gas-or-vaperinto—a—sighat-fer-menitering—or recordin

approprrate place of dlscharqe

mdrcated by th

ivered to the

3-tAt-default parameter (default settingjthose operating parameters within-the-machine, device, which-arepre-set at preset
by the manufaetouryer, the user-or by the operator, and which-the-machine device itself sets, without further intervention, whei
it is turned on.

3.1.121 delay time (lag time}-the time from a step function change in anesthetic gas concentratien-orpartial-pressure (volume
percent) at the sampling site to the achievement of 10 % efthe-step-change in final anesthetic gas value-in-the analyzer moniti
(see Fig. 1).

3.1.132 display—the visual representation of output data.

3.1.143diverting (sidestream) anesthetic gas moniteax monitor that transports a portion of ventilatory gases from the
sampling site through a sampling tube to the sensor, which is remote from the sampling site.

3.1.154 drift—(from ISO 7504:1984) change of the anesthetic gas level disptay-ef-an-analyzer a monitor for a given level of
concentratron over a stated period of trme under reference condrtrons that remain constant.

y ples of

800-638-2041. Compressed Gas Assouatron 1235 Jefferson Davis Hrghway Arllngton VA 22202
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FIG. 1 Delay Time (Lag Time), Rise Time, and Total System
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Preferred-—Ferm)-



Ay F 1452 — 9201
3337
3.1.15 interference with measurement accuraeythe difference between the anesthetic gas readings in the presence and
absence of an interfering gas(es).

part of the

of the

3.1.16 nondiverting anesthetic gas monitefan anesthetic gas monitor that uses a sensor at the sampling site.

3.1:217 partial pressure—thepressure that each gas in a gas mixtdure w could exert if it alone occupied the volume of the mixture
at the same temperature.
I 3.1:2218 operator—(from IEC 60601-1) person handling equipment.

3.1.19rise time—the time required to-display achieve a rise from 10 to 90 % ofthe-change in the final anesthetic gas value by
in the anesthetic gas monitor when a step function change in anesthetic gas volume percent occurs at the sampling site (see Fig
1).

3.1.230 sampling site-the location at which+espiratory ventilatory gases are diverted from for measurement to a remote sensor
in a diverting anesthetic gas monitor or the location of the sensor area in-a non-diverting anesthetic gas monitor.

3.1.241 sampling tube-the conduit for transfer ef+respiratory ventilatory gases from the sampling site to the sensor in a
diverting anesthetic gas monitor.

3.1.252 sensor—the part of the anesthetic gas monitor that is sensitive to the presence of the anesthetic gas.

3.1.263 total system response tirghe sum of the delay time and rise time (see Fig. 1).

3.1.274 user—(from IEC 60601-1) authority responsible for the use and maintenance of equipment.

3.1.25 volume percent (V/IV%) of a gas-ervapethe volume of-an—anesthetic a gas{er-other-gas-or-vapor) in a mixture,
expressed as a percent of the total volume.

14 onshin-of-Fhis-Speeificat hec  Stand

Section One—Generat-
#) NAY AMRY

—1—Seepe and-ebjeet *
1. ScopeGeneral Requirements and *
ebjeet
—3—General-requirerments *
—4—General-reguirernents for-tests %
4. General requirements General Re- *
quirements for-tests
—F—Pewerinput *
~8. Notused” *
—9—Netused *
H—Netused X
2—Netused *
13—General *
H4—Requirementsrelated-to-classifieatiot *
beth
16—FEnelosures-and-protective-eovers *
1+—Separation *
2-—Mechanieal-strength *
22—Mevingparts %
25—Expelied-parts *
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- *

28. Suspended masses X Tests
Radiation-

tien and-otherparticleradiation
30. Alpha, beta, gamma, neutron radia- X
tion

4.1 Clauses 3 and-other-particleradiation
tienane-Hasers)
seniesy

Section Six—Protection Against Hazards 4 of Ignitien-ef-Hammable-Anresthetic-Mixtures———

ments

39—Commen—tegtirementsfor-Category *
AP-and-Categery-APG-equipment
40—Regquirements-ang-tests-for-Category *
AP-eguipment-parts-or-components

thereof

41 —Requirements-and-testsfor-Category *
APG-equipment-parts-or-compenents

thereof

(AF“‘R)A
.  of-igies; i Hization.
gress oliguies, eieaning Stetizatio
44. Overflow, spillage, leakage, humidity, X

ingress the General Standard apply, ex-
cept as follows:

4.12 Test methods other than those specified in this specification, but—ef—hqmds—eleamng—ste#ﬂ&aﬂ%—and—d&mfecl
45—Presstre-vessels-and-parts-subjeet to

45. Pressure vessels and parts subject *
equal or greater accuracy, may be used

to-pressure

46—Human-errers *
47—Flectrostatic-eharges *

with the body of the-patient
48. Materials in applied parts in contact *

verify compliance with the requirements
of this specification. However, in the-pa-

tient

49 —interruption of the-pewersupply *
49. Interruption event of dispute, the *
pewer-supply

d Pre i
Section Eight—Accuracy of Operating Data methods specified in this sp specification shall be used as the reference methods.

6. Identification, Marking, and-Protection-Against-Hazardous-Output

50—Acetraey of-eperating-tata *
50. Accuracy Document—Clause 6 of-ep- *
erating-data

51—Protection-againstincoerrectoutput *
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d Fault-Cenditiens:Envirormental-Fests——
Section Nine—Abnormal Operation the General Standard apply, except as follows:
Under “clearly legible,” the first sentence shall be modified to read as follows:

Warning statements, instructional messages, or drawings, affixed permanentiy-and-Fault-Conditions-—Envirenmental Test
tens
53—Environmental-tests *

X XX XX

§

62—Sample-gas-exhaust-port
63—Breathing-system-conneetions
64—Obstruetion_of-sampling-tube

64. Obstruction legible to an operator
with a visual acuity of-samptling-tube
65—Contamination_of-breathing-systems

65. Contamination 1.0 (corrected if nec-

essary) from a distance of-breathing-sys-
tems

AA=apphes—NA=ret-applicable—and-AMR=applies-with 1 m at an-amendrmen it 0 i t A
—Net—used—means—that—ma&eﬂal—m—ﬂms—(these)—see&eﬁés) ambient |Ilum|nance Ievel 0f—|-EGGG—:l—1—]:97—7—has—been—deteted—fFem 215 Ix when viewing the—l—QSS—edr&eﬂ-

XX  XXXXX X

)88 information, markings,

and S0 forth perpendlcular to, and |nclud|nq 15° above below, Ieft and rlqht

NoTte—t—The-ctatuse-numbersused+efer 1—Care should be taken to avoid directing-the-speeifie-section in light source so as to avoid glare.
6.1 d) If the—GeneFat—Standard

Standard—am&ty—tegethe%wnh anesthetlc qas monltor does not permlt—the—feﬂewmg—addltlon

4-12TFestmethods-otherthanthose complete marking as speeified in througheut-this-draft-specification,but-of-equal or greater
acetracy,may clause, at least the following shalt-be-tsed-to-verify-compliance with marked-en-the—+regudirements anesthetic gas
monitor:

The name of-this-draft-specification—However, in the manufaeturevr,

A serial or lot or batch identifying number, and
Symbol 14 in Tak#d D 1 ofdispute, the-methods-specified-in-this-draft-speeification General Standard.
6.1 aa) A serial number or other lot or batch identifier.
6.1 bb) The manufacturer shal-be-used as mark-the—referenee-methods.
5-Classification—Therequirements-given device with a warning to refer the user or operator to the accompanying documents
or Symbol 14 in-Clause 5 Table D1 of the General Standard-apply, with ferthe-follewing-additions: expected adverse effects on
the performance of the anesthetic gas monitor.

and 4 size ofthe-General

Clauses-5-4-and-5-6-are-deletedand-thefellowing 2—H-is-added:
5:9Fhe-method(s)-of sterilization-or-disinfection recommended-by-the-manufacturer shall that illustrated service information

be-inetuded-in provided to include the-tabeling following: instructions for preventive maintenance-ane-may-be-inctaded in the

marking.
6—ldentification,-Marking, service calibration, aHd—DeeumenfEhe—Feqtﬂfemths—grven those ad|ustments that are necessary
to maintain the anesthetic gas monitor-in-Clatuse 6 0 odifications:
%de#eteaﬂy—te&%ﬁws%sentenee—shﬂ%e—medmed—tmead

Warning-statements;instructionat-messages;or-drawings:affixed-permanentty
aneHegible-te-an-eperator-with a visual acuity of-+-0-{eefrected-ifneeessary)
from-a-distanee-of--m-atan-tuminancetevel-of 245-h¢
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Warning statements, instructional messages, or drawings: affixed permanently
and legible to an operator with correct operatlng condition, as weII asa descrip-

tion of
4eve4—ef—2+5—l-x—.

6—1—aa9—AlI those adjustments and replacements that can be performed by the user.
6.1 cc) All operator interchangeable components of-an—ANESTHEHC-GAS-MONITOR anesthetic gas monitor that are

flow-direction sensitive shall be-marked-elearly-and durably marked with an arrow showing the direction of gas flow.

6—1—bb)—h‘
6.1 dd) If a sampled gas inlet and outlet are provided, their presence shall be durably-marked clearly either with text, or with
the respective symbol for inlet ane-durably.

6—1—ee)—Paekages outlet from ISO 7000.
6.1 ee) Packages for single-use components shall be durably marked clearly with the fellewing-werds:*-SINGLE USE” words:

“single-use” or~SINGEEPAHENTUSE" “single-patient use” or the symbol. No 1051 given in ISO 7000, or both.
6.1 ff) All controls which increase or decrease a function shall be marked with a legible indication to inform the operator which

action(s) is(are) required to increase/decrease the controlled function.

Note-3—Additionatty,-Symbot-No—1851givenintSO-—7666-may 3—Controls and their associated markings shettebe used.

6-5-Coler visible or legible, or both, to an operator having a visual acuity (corrected, if necessary) of at least 1.0 when the

operator-insu located at l¢asm in front of the anesthetic gas monitor and the ambient illuminance level is 215 Ix, when viewing
the information, markings, and so forth, perpendicular to, and including 15° above, below, left, and right.

Note 4—Controls should be-aceording-to-NFPA-70.

6-6—a)ReplaceClause-6-6 a) identified with their associated markings.
6.1 gg) If applicable, the-fellewing:

tdentification of the content of gas cylinders used in medical practice as a part
of electrical equipment shall be in accordance with CGA C-9-1982. Colors of
calibration gas cylinders not already specified in relevant national standards
such as CGA C-9-1982 shall be color- coded differently from the colors specified
for medical gases (see also Subclause-56-3a)-

Identification words “Not for use with flammable anesthetics” or a symbol.

6.6 Identification of Medical Gas Cylinders and Connections:
content of gas cylinders used in medical practice as a part of electrical equipment shall be in

n of t

A Cglsz Colors of calibration gas cylinders not already specified in relevant national standards such as
i
|

CGA C-9-1982 shall be color coded differently from the colors specified for medical gases (seek

6-6-b)—Replace-Clause-6-6-b)-with-the-following:
Fhepoint of connection of gas cylinders shall be so identified on equipment that
errors are unlikely when a connection is made. If a sampled gas inlet and outlet

are provided, the-pert-shalt-be-rmarked-clearly-
The point 56.3a of the-pert-shatt-be-marked-clearty-

6—6—9)—h‘ General Standard).

6.6 c) If color coding of labels for halogenated anesthetic agents is used, they shall be in accordance with Table 1.

6-7Clause6.7

6.8.2 Instructions for Use:

6.8.2 aa) A description of the-General-Standard-shalt-apply.

6-8—Clause6.8 purpose and intended use ofthe-General-Standard anesthetic gas monitor.
6.8.2 bb) A description of the principles of operation of the anesthetic gas monitor.

6.8.2 cc) The mstructlons for use sh&H—&p’p{y—wnh mclude—H&e—feHewmg—aeldﬁons following:

ation:

TABLE 1 Colors for Color Coding of Anesthetic Agents

. Federal
Anesthetics Color Standard Pantone Munsell

Agent 5952 Color Color

Halothane red 11105 200 C 5R4/14
Enflurane erange 22516 44 25¥R6/H6
Enflurane orange 22510 151 C 2,5YR6/16
Halethane red 31165 200 5R4114
Isoflurane purple N/AA 245 C 7,5P4/12
Iseflurane purple ReRe 252253
Sevoflurane yellow N/A 108 C 6,25Y8,5/12
Fhiwe NA 3615P-€ 1684142
Desflurane blue N/A 3015 C 10B4/10

“N/A = Not available.
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@ Fhe anesthetic gas measurement range and the accuracy and preci-
sion of measurement;

(@ Fhe) The anesthetic gas reading range and the accuracy of mea-
surement;

B

halegenated anesthetic gas(es) without user intervention, the manu-
facturer shall make the test methods and results supporting the
claim available upon request;

by Hthe-ANESTHEHE-GAS-MONITOR-is-capable-of-dentifying-the

= hategenated) In a diverting anesthetic gas monitor, the gas diver-
sion flow and its tolerance;

© Fhe-gas-diversion-flowi-gas-diversion-eeetrs:) The minimum
sample flow at which the device will meet specifications;

[ Fhe stability of measurement accuracy;

(& Fhe) The stability of measurement accuracy;

te) Fhe-RISE-THME:

(e Fhe-RISEFHME:) The rise time and the total system response
time;

h Fhe anesthetic gas alarm range, its resolution, and delay time from
detection to activation;

(U] Fhe) The anesthetic gas reading alarm limit range, its resolution,
default setting(s), and time from detection to activation;

(& Fhe-operating;noneperating—{standby); and storage temperature and
humidity ranges, if applicable;

(@ Fhe-operating;noneperating—{standby);) The ranges of temperature,
atmospheric pressure, and humidity for operation and for storage;

[} Poewerrequirementsaneg-) The time from switching “ON” to obtain-
ing specified operating performance;

& Fime-from-switehing on to obtaining specifiedow rate.

(G} Fime-from-switehing) The interval (expressed in hours) between

user/operator interventions of the water handling system based on a
sample gas temperature of 37°C, a room temperature of 23°C, and
100 % water-saturated sample. This shall be stated for both the
manufacturers’ specified minimum and maximum sample flow rate.

() A statement whether the device is equipped with automatic baro-
metric pressure compensation;

(k) The detection threshold for a single halogenated anesthetic
agent in a gas mixture; and

() _The detection threshold(s) for multiple halogenated anesthetic
agents in a gas mixture (see also Clause 51.8.13).

(4)—Details-of any known-adverse-effectsRnown Adverse Effects en-stated-function-{forexample,-measurement-accuracy and
preciston;-integrity Stated Performance as a Result-of-etectrical-isolation, and-the-integrity-of-preumatic-eomponents)-due to the

Following:

@ Humidity-or-condensate—inetudingfor-example—any-adverse_effects
if an accessory is provided to improve the function of the sensor in
the presence of condensation or particulate water;

(@ Humidity-or-condensateinetudingfor-example—any-adverse) Quan-
titative effects of humidity or condensate;

by Interfering gases or vapors;

(by tnterfering) Quantitative effects of interfering gases and vapors (see
also Clause 60.1),

ey teaks or internal venting of sampled gas;

© teaks) Leaks or internal venting of sampled gas;

(d) Mechanical shock;

Eyetie{ventitating) pressure in the breathing circuit;
Eyelie{ventilating)) Cyclic pressure up to 10 kPa (100 cm H,0);
Baremetrie pressure;

Baremetrie) Quantitative effects of barometric pressure;

Fluetuation in ac mains or battery voltage;

Fuetuation) Quantitative details of fluctuation in ac mains or battery

voltage, or both; and

SISO
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(h
@ ©Sther sources of interference, if any.
o Other) Other sources of interference, if any.
(M—M%H%en—%%#ea&me&e##@—a#@s#%ga&n@%mdmaﬂng—me—kmct ation and-location—of-all
eperation.
H wmg.
Maintenance:
@ Cheeking-and-calibration before use;
(@ Cheeking-and-ealibration) Calibration or verification or both before
use and during use;
By Reutire inspection and testing;
(& Reutine) Routine inspection and testing;
ization;

(c) Recommended methods for cleaning, disinfecting, or sterilizing,

or combination thereof, and, if applicable, any limitations on the

number of these cycles;

[ Reeemmended method for connecting an exhaust port of the ANES-
THETIC GAS MONITOR to an ANESTHETIC GAS SCAVENGING
SYSTEM, if applicable; and

(@ Reeommended) If applicable, the recommended method for con-
necting the exhaust port of the anesthetic gas monitor to an anes-

thetic gas scavenging system;

gastes).
(-B)—A—deseﬁﬁﬂeﬂ—ef) If applicable, t%ﬁ%ﬁ%ﬁ%@%ﬁ@hﬁ@%ﬁd—&d&&ﬂ%ﬂﬁpt@ﬂ of

d or test recommended-methed to whicl
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(b) For diverting anesthetlc gas monltors at the Junctlonf) Recommended

method(s) of-the

verifying all operator-adjustable alarm system functions.

6.8.2 ee) A description of the correct installation of the anesthetic gas monitor and a description of sampling arrangements and
any connecting tubing, if applicable.

6.8.2 ff) Information concerning the disposal of the device.

6.8.2 gq) If applicable, the location of any latex-based components.

SECTION TWO—ENVIRONMENTAL CONDITIONS
All clauses and subclauses of this section of the General Standard-shall apply.

22— Moving-Parts—Thereguirements-given-in-Clause_22 apply.

SECTION THREE—PROTECTION AGAINST ELECTRICAL SHOCK HAZARDS
All clauses and subclauses of this section of the General Standard-shall apply.

23—Surface—Corners apply, except as follows:

19. Continuous Leakage Currents and-EdgeBhe Patient Auxiliary Currents— The requirements-given in of Clause 23 19 of
the General Standard apply, with the following addition and amendment:

19.1 e) For the purposes of this specification, the applied part for a non-diverting anesthetic gas monitor is the sensor, and for
the diverting anesthetic gas monitor, the sample gas inlet at the device.

19.3 The leakage current limits of AAMI ES-1 apply.

24-Stability-in-Nermal-Use-The-requirements—givenin-Clause 24

SECTION FOUR—PROTECTION AGAINST MECHANICAL HAZARDS
All clauses and subclauses of this section of the General Standare-shall apply.

25—ExpelledParts—Fthe apply.

SECTION FIVE—PROTECTION AGAINST HAZARDS FROM UNWANTED OR EXCESSIVE RADIATION
All clauses and subclauses of this section of the General Standard apply, except as follows:

36. Electromagnetic CompatibilityFhe requirements-given-in of Clause 25 36 of the General Standard shall apply, with the
following addition:

36.1 The requirements of IEC 601-1-2 apply.

26— Vibration

SECTION SIX—PROTECTION AGAINST HAZARDS OF IGNITION OF FLAMMABLE ANESTHETIC
MIXTURES
All clauses and-Neise: subclauses of this section of the General Standard do not apply.

26- 1+ -an-ANESTHEHE-GAS-MONITOR-is-inctuded

SECTION SEVEN—PROTECTION AGAINST EXCESSIVE TEMPERATURES AND OTHER SAFETY HAZARDS
All clauses and subclauses of this section of the General Standard apply, exeeptas-a-part-or integral follows:

43. Fire Prevention—Fhe requirements of Clause 43 of the General Standard apply, with the following addition:

43.1 To reduce the risk to patients, other-eguipment, persons, -or-the—relevant-specification-forthat-equipmentshall apply.

262 -whentested, surroundings as a result of fire, ignitable material, under normal and single-fault crondition, shall not at
the same time be subjected to conditions-in-26.3, which:
The temperature of the—kwe@med—setmd—pfessure—levd—exeeeds—Go dB, material is raised to its minimum ignition temperature,
and
An oxidant is present.

The minimum ignition temperature is determined in accordance with IEC 60079-4 using-the-eireumstances oxidizing conditions
present underwh normal and single-fault condition.

Compliance is checked by determining the temperature the material is raised to under normal and single-fault condition.

If sparking can occur under normal or single-fault condition(s), the material subjected to the energy dissipation of the spark shall
not ignite under the oxidizing conditions present.

i
21-Mechanical Strength-The requirements-given-in-Clause 21
6.8.2 dd) An illustration of the features of the anesthetic gas monitor, indicating the function and location of all operating
controls, adjustments, and system components necessary for correct operation.

10
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Compliance is checked by observing if ignition occurs under the most unfavorable combination of normal condition(s) with a

single fault.
46. Human Errors—€lause 46 of the General Standard applies with the following addition:

NoTte4 i teatiorreduces 5—To minimize operator errors and consider human faeters-i-the-A-weighted
seuﬁd—pfeesure—level—te—ee—ei-%ﬁa—er—baow de3|gn of anesthetlc gas monitor, controls that merit-the-manufacturer operator’s close attentiate should s
-whieh-part-erparts be arranged close to the operator’s line of sight when observirg-the-eperating+ange-this occurs.

26-3—TFhe-A-weighted-seund-pressure-levelshall patient. It is also recommended that the contents of AAMI HE-48 be reviewed

While general guidance may be obtained from AAMI HE-48, the involvement of individuals with human factors expertise is
strongly recommended.

SECTION EIGHT—ACCURACY OF OPERATING DATA AND PROTECTION AGAINST HAZARDOUS OUTPUT
All clauses and subclauses of this section of the General Standard apply, exeept-as follows:

2631 Measuring-nstruments— follow#-precision-seundHevel-meter

51. Protection Against Hazardous OutputFhe requirements efFype-1-as-specifiedHntEC-65%,shall-be-used-—-Measurements
shalt-be-made Clause 51 of the General Standard apply with-the A- followeing additions:

51.5 Measurement Accuracy:

51.5.1 The accuracy of the anesthetic gas readings is detwermined after exposurke of the sampling site to cyclic pressul
changes (see Clause 51.5.4)

51.5.2 For halogenated anesthetic gases, the difference between the mean anesthetic gas reading—ane—the—slow” me
characteristies—seleeted—The-seund anesthetic gastevel meter shall be fhthvolume percent +15 % of alnesthetibc gas
level) over the full measurement range specifiedHn-aceordanece with-the-manufacturers-instructions.

2632 Test Environment—Measurement accompanying documents. In addition, six standard deviati@8 ¢) of the
anesthetic gas reading (for a given gas level) shaltbe-made-in-afreefield-overareflectingplanesuch-asthatspeeifiedin ISO 374
less than or equal to 0.6 volume percent for all halogenated anesthetic gases except desflurane which shall be less than or eq
to 1.0 volume percent.

Nor! itt i d i in—atarge room, 6—Six standard deviations i
equwalent tar3.00. ThIS means that 99. 73 % (abc?ﬂ%oo) of all readlngs occurW|th|rt3 00' ( 0 6 volume percent ertra-smallerroom-with-sufficient
seund-abserptive-materials-en-ts-walls 1.0 volume percent) volume percent from the mean reading. See rationale for details.

51.5.3 For nitrous oxide, the difference between the mean nitrous oxide gas readirg-and ceiling.
26-3-3-Ambient-ConditionsAt the-microphoenepeositions, nitrous oxide gas level shall be with{6.0 volume percent +5 %
of the-A-weighted-seund-pressuredevels nitrous oxide gas level) over the full measurement range specified in the accompanyir
documents. In addition, six standard deviation8 (0 o) of the-backgroeuna-roise nitrous oxide gas reading (for a given gas level)

shall be—at—least—lG—dB—betew—the—seund—pfessufe level less than or egualte-be-measured. 10.0 volume percent.
hose of 7—Six standare-conditions,-approptiate-correetions may be

by the
ms&ue&eﬁs—fewse—aﬁd—m—aﬁanﬁer—maleakef—&s—rﬁtended-use If |t dewanens—ts—m{ended eguwaJrth—te-be—table-metmted the tabl

tons. If it i

5 DttBsﬁate§h|s means that
06 ed. Ifany s
ion i al diame
vel mete
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ed adverse
ifation, X-ray

ast one of thi

by a barrier
of this draft

v with the

reaqus occur W|th|nt3 0 o ( 10 O volume percent) volumes—peﬁheHHFlew—]:eeJ%eagh—the—ANE—SWEﬂ%GAS

4 3 in—the—enclosed
e Hers v ol setting

= i - en v wirg-additional
43- o HiRa isk—of-fi v i nay ou ighttion—-oxygen or
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a source

when th

empanying

additional

PISS) are

982, shall b

eeleeeeded—dﬁelceﬁ%ly gercent from the—eele*s—speemed mean reading. See rat|0ﬁa+e—fer—meel+eal gases

46—3—6&m4p+r&aee—w&h—the—reqw+e+me+s—m—46+&ad—46 2 detalls
Compliance shaII y

3)-Comptiances—shall-be checked by the test given-in 501. 5 4,
501.5.4 Test Method:

501.5.4.1 Principle—ANESTHETHC-GAS-READINGSAfter exposing the sampling site ten times to a cyclic pressure in

accordance with Fig. 2, anesthetic gas readings are determined at a number of anesthetic gas levels spanning-the ANESTHET
GAS-MONIOR anesthetic gas monitor measurement range.

501.5.4.2 Test Gases-Fest gases-of-an-aceuracy shall be equal te-erbetter greaterthan-0-03 % of five times more décurate (
the error) than the requwed test unlt accuracy. Th|s is calculatéz/el @s2) times the error tolerance of the essential requirement
stated in : i1 ertifying ge
eompeosition Clauses 51 5 2 and 51 5. 3

Note 8—Test gases with the aforementioned accuracy maybe t i t tf-th att hown to b
egquivalent obtained from test gas manufacturers-erbetter than by in- house productlon of the reqwred test gas mlxtures W|th aeeura cy vermni’md by oth
methods (for example, mass spectrometry or refractometry).

501.5.4.3BryGas Testing—Fhe anesthetic gas monitor shall be set up and calibrated in accordance with the accompanying

13
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——— 5+/-055s —

100 +/- 10.0 cmH20

Ambient Pressure L

1.08 le— —l<1.0s L_

10s+/-1.0s

-

¢

FIG. 2 Cyclic Pressure

B)Atthispointperform-an-aceuracy tes{—usrng—ﬂare-gas—mmtures gases given in Table2(with-a-dry-gas-acedracy-0f6-03 volumes
pereentas-in-Clause-50-4-2)fully-saturated;-at 37 an ambient temperature-d2 23, For each numerically displayed anesthetic
gas, verify that the accuracy requirements of 51.5.2 and 51.5.3. are met.

TABLE 2 Dry Gas TestMixturesNote I—59% CO, is used for aft—
gas-mixtures-Aconrtaining-halogenated-gases-exeept forthe——

mixtures-eentaining-6-5-% hatethaneey, 1.0-% bBrisofturanet—and
&&%eﬁﬂw&ne—aﬂ—ef—wh—Rlch—eem&m—ne—apprsee Trablme—

Meameosurements-ef-€6—-

S5 ENitrous Halo- Nognaer.  Hatlsothflur- - sSevoflur- ErDesflur-
%Nitrogen O2xide”;96 thane” aneAD, % ane~%2 ane-:%2  ane~%2
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Balance 1
100 &b
Balance 1562

ee 2Included if the anesthetic gas monitor is intended for use with this gas.

BThis mayixiure to be—exel_udsed fromr the_Drift Mest-gas—mixture—if—thme
anesthett Ac-gcurac _Ls-memte* _(ls—nei—mteﬁdedfer—use—m—g as-mpplixtarescon-
tainingble).

©O2This mixture to be used for the Rise Time Testing (if applicable).

Por full-scale reading, if lower than specified value.
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501.5.5 Drift of Measurement-Acetracy:

&)—Fhe Accuracy— The anesthetic gas monitor shall meet the requirements specified in 501.5.2 and 51.5.3. for no less than
h when used in accordance with the accompanying documé&jtsGompliance shall be checked by the test given-in 501.5.6.

501.5.6 Test-Methods:

SererléFes{—Mefhed—&MafeFSafuﬁed):
mixtures.

(—z)—eeﬁﬂﬁue—te—epeFate Method—Wlth the anesthetlc gas meﬂﬁeeas—spemfled set up, callbrated and opefated in 50.4.4
sampling accordance with the-gas accompanying documents, use the test m-gases ixdentified for drift measurement accure
testing in Table 2, at an ambient temperature of22°C, and sample all of the identified test gas mixturesye2eB h for a
minimum of 6-h.

50-6-2TFest-Method{(Bry-Gas):

B h. Between the-ANESTHEHEC-GAS-MONITOR-is-tested by test periods allow the device to sample ambient air.

51.5.7 Rise Time TestingFhee manufacturer shall disclose-in-Clause-50-6-1-this-clause-does-not apply.

&-TFhe- ANESTHEHE-GASMONIHOR the accompanying documents the rise time for a 10 to 90 % step function change in
concentration, when tested as described in 51.5.8.

For diverting-type monitors, the manufacturer shall disclose the gas diversion flow rate at which the device meets the disclose
rise time.

For nondiverting-type monitors, the manufacturer shall disclose the rise time at 2 L/min.

51.5.8 Rise Time Test MethodFhe anesthetic gas monitor shall be set up in accordance with the accompanying documents
wander and attached to the-ambient-conditions-deseribed appropriate test apparatus arranged-as-in-Cltause-56-4.3. Connect Fig
and 4.

Connect the—ANESIFI-|E—'|'—|C—6A—S—MeN-I-'FeR anesthetlc qas mon|tor—te—a—s+mu+a{ed—eemmon suitable recording device.

With the respective ga
Table 2, Footnote D), using the-sy yeli a 2 6 ween a
pressure-of-ambient test apparatus, cycle the vaIve(s—)—anﬂ—:@&—kPa—(%SLS-em—H—e)—abeve—ambreﬂ

{3)-Operate record the-monitor rise time. Repeat the procedure-for-a-inimum of 1 h, this single gas mixture 20 times and afte
that-time-perform-an-aceuracy-testusing determine the average rise time.

51.5.9 Combined Gas Accuracy Testindhe anesthetic gas-methed-as-deseribed monitor shall be set up and calibrated in
Subelause-56-4-3, accordance with the accompanying documents and tested using-the-test-gas mixtures gases given in Table
4)—Ceontinue-to-operate-the ANESTHEHC-GAS-MONITORfera-minimum 3, at an ambient temperature-ef-6-h—+epeating 23
+ 2°C. For each numerically displayed anesthetic gas, verify that the aceuraey-testevery 2 h.

50-7Disptlays:

G)-ANESTHEHE-GASHEVEL requirements of 51.5.2 and 51.5.3. are met.

UUT=Unit Under Test

two 3-way valves (non-mixing),
power supply controlied

Flowmeter
2+/-0.2 Vmin s
& oo
H room
. uuT
Calibratsd ]
Test Gas
Mainstream
Sensor
power T
supply :
é Tube
Airway (preventing back flow)
Adapter
Flowmeter -/I'
2+/- 0.2 Ymin
@ —1 opento
room
Compressed
Air

Note—UUT = unit under test.
FIG. 3 Nondiverting Monitor—Rise Time Test Apparatus
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Appropriate
Fowmeler 3vay low dead space
valve (non-mixing),
5 @ power suppiy controlied
open to room 1
10-20% of
UUTs of T g / sidetream sampling line as
- diversion rate specified by UUT
Positive flow 8 .
{continuous) (with valve de- Tubing B A manufacturer
—>  Sergized)
JAY —_—
Flow regulator Tubing A
2% 100% of UUT's N Diversion
ersion rate) diversion rate rate of
uuT
Calibrated
Test Gas
wr
power
supply
Note 1: Length and inner diameter of Tubing A must be identical to that
of Tubing B
Note 2: Tubing B Is open to room
FIG. 4 Diverting Monitor—Rise Time Test Apparatus
TABLE 6 3 TestGasMixtures (Dry)for WatCombiner StGats ~_
Accurategey Testing
%Ceaﬁ)on €Nitrous Oxy- Nitro- Nopao.  HaEnflethur- Isoflur- ESevoflur-Desflur-
Dioxide O2xide*96  gen gen”? thaneBO %  ane;%Z  ane;%Z ane® ane;%~Z
166 bat
_5 30 40 balance 2.0
—5 65 —40 bat
_5 30 40 balance 2.0
—5 65 85 —20
_5 30 40 balance 2.0
—bat 30 46 batanee 26
_5 30 40 balance 20
—5 65 E3 —6
_5 30 40 balance 8.0

A
ee2F0r test gases prepared in-house, nitrous oxide can be increased to “balance” and nitrogen
eliminated.

B-may—be-exlncluded-t&om-t-he-cest-gas-m ixture-if the anesthetic gas monitor is
net intended for use winth these gas mixtures-eentaining-CO5.

51.6 Displays—Anesthetic gas level displays shall be marked continuously or on operator demaned-with kPa kilopascals or
VA-Y%-(velume-percent-anesthetic-gas.
2)Displays—sheuld-rot volume percent. If the units of measure can-be-ebscured changed-by-the-hand-rermally adjusting

operator from the-centrol{s}-asseciated-with user-selected default units of measure—the display.
3)-Compliance units of measure shall be displayed-eonterinuously.

Com_ghance shall be checked by |nspect|on of marklngs and mstructlons for use.

ed by the

isplay, the
e within

such 9—User-selected default units of measure may be the same as

y from—&he—eheeHeet—ef—eveFHde—pesmeﬁ—wrt-hﬁa period manufactutersiitdefau

of measure.
51.7 If the intended test control function is not-elexarly distinguishable when displayed on the anesthetic gas monitor, the

corresponding-1 control(s) shall automatically return from such control function position(s). The positiens—ef+e—operator
ateraction: measurement and test controls shall be clearly distinguishable.

NoTte—8=Alt 10—User-operable function checks, other than “power on” for test controls such as battery condition or signal operatiof;should also
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nelude—means—to—prevent—inadvertent—ehange return automatically from—the—intended check, test, or override—pesition—and—sheuld—have clearl

hions,

512 Mevement within a period not exceeding 1 mir-of C no operator interaction.
51.8A AIarms

he right, or

51.8. 1 The requwements—rﬁ—a—e}eekmse—dﬁeetlon Specmcatlon F 1463 apply

51.8.2 Temporary silencing of audible alarm signals, if provided,shall i net excreed 2 min. The visual signals shall remain until
the-coentrot-function—Movement-dewnwards, to alarming condition no longer exists. If permanent silencing-ef-the-eft; or in an
anti-cleckwise-direction-shall-deerease audible portion is provided, the centrel-function.

(D—Retary-gas-flow-controls-are-exemptfrom-thisreguirement. shall require deliberate action on the part of the operator anc

shall incorporate a design feature to impede unintentional permanent alarm signal silencing.

NoTe-9—Ceontrots-and-theirassociatedmarkings 11—The audible components of alarm signals shettte-be-visibte-ortegible, or both, designed to allow
silencing until the anesthetic gas monitor is placerd in use (thatis, cornnected to-the pavtient) to reduce nuisance alarm signals.

51.8.3 There shall be a visual indication that an audible alarm signal has been silenced. The-visual ity (ndication shall remail
until the operator rec-enables the aud,ifble alarm signal.

51.8.4 Whenever the device is powered “ON,” the user default alarm limits shall be applied and-display)ed. If alarm limits are
automatically hidden after power “ON,” they shall be displayed for at feast-3:6-when 15 s.

If the displayed alarm limits are changed by the operator i from the user defaulot alarm limits, the changed alarm limits shall
be displayed for at least 15 s. If alarm limits can be hidden, the alarm limits shall be displayed on operator demand.

The operator shall not be able to change the user-selected default alarm limits.

Note 12—User-selected default alarm limits may be the same as the manufacturer’'s default alarm limits.

51.8.5 The audible indicators for all alarm signals shall reset automatically when the condition causing the alarm has clearec
51.8.6 The anesthetic gas monitor shall have a high anesthetic gas alarm signal for halogenated anesthetic gas(es) and nitre
oxide. This alarm signal shall be at least medium priority.

Note 13—The anesthetic gas monitor may have a low anesthetic gas alarm signal.

51.8.7 Alarm limit(s) for both high and, if provided, low anesthetic gas reading shall be operator adjustable.

51.8.8 If the anesthetic gas monitor has an automatic change-in-front-ef-the-ANESTHEHC-GAS-MONITOR alarm signal
priority setting, it shall change only to a higher alarm signal priority, and only after activation ef-the-iluminance level lower
priority alarm signal.

51.8.9 If operator-adjustable change in alarm signal priority-is-215--Centrolssheuld-be-identified-clearly-with-theirassociated
markings.

54 3-ALARMS:

513 1-Alarm-Prieritization—Fhe provided, it shall not allow a change to a lower priority than specified in this specification.

51.8.10 If alarm—eharaceteristics limit(s)s are adjustable by the operator, operator adjustment of alarm limit(s)s onr default
parameters shall require a deliberate action on the part of the operator.

51.8.11 All alarm signals specified-in-this-speeification 51.8 shal-be-grouped provided with a default setting, and that default

setting shall be disclosed-irthree-categories- HGHPRIORI-MEDIOMPRIORITY, the accompanying documents (see Clause
6.8.2 cc)).

51.8.12 The difference between the alarm limit(s)-ane-EOW-PRIORIY{see-TFables 3- the anesthetic gas reading when the
alarm signal is activated shall not exceed 0.2 volume percent for halogenated anesthetic gas(es) and 2.0 volume percent for nitro
oxide.

51.8.12.1 Compliance is checked by generating at least four stable anesthetic gas readings that span the range of the ala
system in approximately equal steps by varying the anesthetic gas level delivered to the sensor, or by electrically simulating th
sensor, or by adjusting the calibration control (if provided). For each anesthetic gas reading, adjust the alarm limit(s) so that the
alarm signal is deactivated. Incrementally adjust the alarm limit(s) until the alarm signal is activated, and record the anesthetic ga
reading at which the alarm signal is activated. The difference between the alarm limit(s) and the corresponding anesthetic ge
reading shall not exceed 0.2 volume percent for halogenated gases and 2 volume percent for nitrous oxide.

51.8.13 The anesthetic gas monitor shall be capable of detecting when more than one halogenated anesthetic agent exists wit
a gas mixture. (See Clause 6.8.2 cc)).

When the gas mixture contains more than one halogenated anesthetic agent, it shall activate at least a low-priority alarm signe

If the anesthetic gas monitor is capable of quantifying the individual halogenated agents, it shall activate at least a mediun
priority alarm signal whenever more than one halogenated agent has been detected and the total Minimum Alveolar Concentratic
(MAC) value of halogenated agents and nitrous oxide is equal to or greater than 3.

Note 14—For the purposes of this specification, MAC values are those listed in the drug package insert for each halogenated agent. At the time o
publication of this specification, the values shown in Table 45).
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TABLE 34 Minimum Alveolarms—_cencentration (MAC) Values

PriHalorigenatyed
Agent

Operator— uelibletndicators
Response 1 MA

High
High
net
medium
erlow
priofity

Enflurane

immediate

Halothane 0.77
red4—to
—28Hz

1.7
prompt
Isoflurane 115
yellows
0-4t6-6:8
Hz

7.3 (25-
year-old
patient)

awareness
Sevoflurane 2.1
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only to a

éla—eefﬁphanee—shaH—be—eheeked healthy 40-year-old aduIt male patient as I|s{ed—by—rnspect|on
51-4.-8-The-difference-between the- ALARM-SETPOINT U.S. Food-andthe- ANESTHEHC-GAS-READING-when-the alarm
Drug Adm|n|strat|on

Compliance i
Ritreus-exide.

{&)—Comptiance-shalt-be checked-by-the-procedure-given-in-51.4.9.
514.9-Generate-atHeastfour-stable- ANESTHETHC-GAS-READINGS-that span-the range mspectloa—ef—the—&laﬁm—system in

percent

. rmanent
ovided i ibera jon-—o and shall
c-acel itene i indicatien-sh i i ator-re-enable

accompanying-decuments.

SECHON NINE—ABNORMAL OPERATION AND FAULT CONDITIONS
SECTION documents (see Clause 6.8.2 cc)).

SECTION NINE—ABNORMAL OPERATION AND FAULT CONDITIONS

{1)-Clauses-52
The clauses and-53 subclauses-ef-the-General-Standard apply.

SECHON-TEN—CONSTRUCHONALREQUIREMENTS

{@)Clauses-54-and-55 this section of the General Standard-apply. except as follows:
56. Components and General-Assembly:

@)—TFhis-elause Assembly—Clause 56 of the General Stardard-applies—exeept-as-follows:
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€omponents of the ANESTHETIC GAS MONITOR should be made of materials
that are compatible with the gases and agents with which those components are
designed to come into contact, thus minimizing health risks due to substance

leached from the anesthetic agent monitor in use .

(2) Clauses 57, 58, and 59 of the General Standard apply.

6. Additional Requirements Specifically Related to
Anesthetic Gas Monitors

60. Interfering Gas and Vapor Effects (Other Than Water Vapor):
disclose, in the accompanying documents, known effect on ANESTHETIC GAS READINGS (if
t the nominal concentrations listed in Table 6. The manufacturer shall make available upon request
the test methods used to make such determination.
61. Pressure Effects:
61.1 ANESTHETIC GAS MONITORS shall either:

cm H, O)and a nominal negative pressure of 1.5 kPa (15 cf@)Hor 5 s each for 20 cycles; or
ing “not for use in breathing systems,” and a similar warning shall appear in the accompanying
documents.
(1) Compliance with (@) shall be checked by thetestgiven in 61.2.
61.2 Compliance shall be tested as follows:
racy of the ANESTHETIC GAS READINGS is determined after exposure of the SENSOR to
pressure changes.
Cycle t@e pressure at the SAMPLING SITE between a positive pressure with respect to ambient of 10
,0) anfl a negative pressure with respect to ambient of=162 kPa (15+ 2 cm H,0) for not less than
ocedurdd20 times, and then conduct the test for measurement accuracy using the dry gas method as described
in Subclause 50.4.3, using the gases listed in Table 3.
62. Sample Gas Exhaust Port:
IG ANEHBTHETIC GAS MONITORS, an exhaust port shall be provided to collect or route the diverting gas
from the anesthetic gas monitor. (1) Compliance shall be checked by inspection.
ctions—If an ANESTHETIC GAS MONITOR is intended to be connected to the breathing system

MONITOR shall not be interchangeable with the breathing system connection ports of a breathing
64. Obstruction of the SAMPLING TUBE:

(1) Compliance shall be checked by the test given in 64.2.
NESTHETIC GAS MONITOR operating according to the accompanying documents, obstruct the
SAMPLING TUBE totally, and verify that the requirements of 64.1 are met.
ing SystemsHk-shall not be possible to reverse the direction of flow through the SAMPLING
TUBE in a DIVERTING ANESTHETIC GAS MONITOR.

APPENDIX

(Nonmandatory Information)

X1. RATIONALE

X1.1
cation @f Clause 6-/4Dot matrix and alphanumeric displays, as well as computer generated graphics, are
poses @ this specification, to be indicator lights, so that they do not need to meet the IEC requirements of

to whether they indicate a high priority or a medium priority alarm. It was thought that the displays
and graphics were sufficiently “attention getting” so that they did not require associated alarm light

ccordi

6.7 Relating to Instructions for Use (Numbers 1 te-g}he need to know the basic workings of
rinciples of operation, and many of its detailed specifications should be self-evident. It is necessary
is information available, and that he know well any possible adverse effect on the claimed function
umber of different conditions, for example, condensation from excess humidity, interfering gases,
s, fluctuations in barometric pressure or supply voltage, etc. It should be equally self-evident that
instructions for proper operation of the anesthetic gas monitor as listed in Numbers 6 and 7 of that
clause.

Claus
tor, its
r all of

: Power Input-This is a typical statement which says that thig@articular requirement of the parent
document, IEC 601-1 (1988), applies without any exemptions from, or additions to, the requiremet

MAaltical Dar Cafatvi Donrormaoante Thoa nhacdAnat tiead monance that tha Arininal racdiiiramaoante im Clalien
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Components applies with the following amendment and addition:
56.1 g):

nesthetic gas monitor should be made of materials that are compatible with the gases with which those components

are designed to come into contact, thus minimizing health risks as a result of substance leached from the anestlu
as monitor has additional modes, other than the standard operating mode, the current mode shall be

indicated continuously. This indication shall be legible.

n Factors Engineering Guidelines and Preferred Practices for the Design of Medical Dewitisns information

concerning implementation of these alternative modes.
le controls used for calibration shall include a means to prevent unintentional changes from the

intended position.
5. Additional Requirements Specifically Related to
Anesthetic Gas Monitors
apor Effects—Fhe manufacturer shall disclose in the accompanying documents, known effects on

) caused by the gases given at the nomin&lQ %) concentrations listed in Table 5 (see Clause 6.8.2

L). The manufacturer shall make available upon request the test methods used to make such de
Compliance is checked by inspection of the accompanying documents.
pling LossFhe rate of leakage for a non-diverting anesthetic gas monitor in both the ready for use

and “OFF” configuration shall not be greater than 10 mL/min at a pressure of 6 kPa (6Q &h H
ed by using a pressure gage having an accuracy to withéhkPa (6 cm BO) and a flow metering

hin =2 mL/min. Tests shall be performed in both the ready-for-use and OFF configuration. Assemble

that the sampling site is installed in a dimensionally suitable port of a test apparatus containing an

gas and airflow metering device are attached. Connect the pressure gage to a third port of a test

flow to raise the pressure in the test apparatus to 6 kPa (60,0 Bletermine the flow necessary

to maintain this pressure. This leakage flow shall be less than 10 mL/min.
ort—For all diverting anesthetic gas monitors, an exhaust port shall be provided to collect or route

sthetic gas monitor. This port shall be incompatible with the sample gas inlet port on the anesthetic

gas monitor and shall not be a Luer type (see Clause 6.8.2 cc)).
Compliance shall be checked by inspection.
low—A diverting anesthetic gas monitor shall have a means to indicate when the flow through the

sampling tube has fallen below the manufacturer’s specified minimum (see Clause 6.8.2 cc)).
gradual reduction of the sample flow. Verify that device indicates when the sample flow has fallen

by the manufacturer and that this value is stated in the accompanying documents. This test is to be

conducted with the anesthetic gas monitor operating in accordance with the accompanying docu
athing Systemdishall not be possible to reverse the direction of flow through the sampling tube

in a diverting anesthetic gas monitor.
Compliance is checked by inspection.

5. Keywords
5.1 anesthetic gas monitors; performance requirements; safety requirements

APPENDIX

(Nonmandatory Information)

X1. RATIONALE
R—Devices used in laboratory research applications are often experimental or intended primarily for

of the requirements of this specification on devices for research might unduly limit development of

beneficial new techniques or devices.
elating to Instructions for Us@he need to know the basic workings of the anesthetic gas monitor,

d many of its detailed specifications should be self-evident. It is necessary that the user have any or

le and that he know well any possible adverse effect on the claimed function of the monitor caused

ent conditions, for example, condensation from excess humidity, interfering gases, sensitivity to

ns in barometric pressure or supply voltage, and so forth. It should be equally self-evident that the

user must be provided with instructions for proper operation of the anesthetic gas monitor.
nesthetic gas monitors are not life-support devices but are a “vigilance adjunct.” Therefore, it is

without creating a safety hazard (that is, without affecting patient safety directly) or presenting

erroneous data.
eports of fire caused by medical devices are unusual. However, when such fires occur in the

healthcare environment they.can have tragic consequences.
The risk of fire is fundamentally determined by the three elements which are necessary to sta
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Ignitable material (fuel),

Temperature equal to or above the minimum ignition temperature of
the material or sparks with energy dissipation equal to or above
the minimum ignition energy of the materials, and

An oxidant.

Therefore, following the basic safety concepts of the General Standard, the objective in the design of the equipment must be
to ensure that under both normal and single-fault conditions, and under the oxidizing conditions to which the material may be
exposed, the temperature of any material is not raised to its minimum ignition temperature or the spark energy does not exceed
the material ignition energy level. Alternatively, contained ignition may occur, provided it is self-limiting so that no hazard is
created (for example, a fuse or a resistor within a sealed compartment.

Minimum ignition temperatures for a large number of specific materials are well established in published literature, although
normally only in ambient air and 100 % oxygen environments. The minimum ignition temperature may be critically dependent
upon the concentration of the oxidant present. If ignition temperatures for other materials or oxygen concentrations are required,
these may be determined using the methods and apparatus described in IEC 79-4.

In considering the ignitable materials, particular attention should be paid to materials that may accumulate during prolonged use,
for example, airborne particles of paper or cotton.

The effect of sparks in environments containing oxidants is quite different from that in explosive gas mixtures. Spark energy is
the most potent form of energy in igniting explosive gas mixtures, while in environments containing oxidants, thermal energy is
more fundamental. It is possible that at higher power levels sufficient spark energy can be dissipated in the interface between
sparking conductors or their surroundings so that sustained burning occurs but there is at present no documented evidence as t
the power level at which this might occur for different materials and environments. Where the potential spark power dissipation
deviates from the well-established safe practice, specific spark tests should be conducted simulating the most unfavorable
environment which can be reasonably foreseen.

The accumulating materials previously mentioned are particularly susceptible to ignition by spark energy because of their low
ignition temperatures and very low thermal capacity coupled with poor conductance.

In certain standards currently in use, the requirements to minimize fire risk are based on limitation of temperature and electrical
energy and oxidant concentration to absolute values.

The temperature value is based on the minimum hotplate ignition temperature for fire-retardant cotton in 100 % oxygen, which
is given in NFPA 53M as 310°C. The assumption was therefore made that 300°C was an acceptable temperature limit in medical
equipment with oxygen-enriched atmospheres.

The origin of the electrical energy values that have been used is less clear and it would seem that, in the absence of specific
controlled tests, figures have been adopted from accepted working practices or from tests performed in other environments. Simple
tests and detailed analysis of the known factors involved in causing an oxygen fire show that these figures can be either over
restrictive or potentially hazardous, depending in particular, on the manner in which the power may be dissipated and the proximity
and type of any “fuel” present.

It is, therefore, now generally accepted that there are no single or universally applicable ranges of temperature, energy, and
concentration of oxidant that can ensure safety under all circumstances while not being unduly restrictive. Ultimately, electrical
energy is only significant in respect of its ability to raise the temperature of ignitable materials and this in turn depends upon the
particular configuration and the proximity of any ignitable materials.

Under single-fault conditions in a typical electrical circuit the possible number of failure modes is very high. In this case, full
assurance of safety may only be possible with the use of appropriate hazard and safety analysis procedures, taking into
consideration the three basic elements, that is, material, temperature, and oxidant.

An appropriate design might limit the electrical energy in the circuit to ensure that temperatures remain below the minimum air
ignition temperature under normal conditions and seal compartments or add forced ventilation to ensure that the oxygen content
does not exceed that of ambient air under single-fault condition.

Alternatively, it may be appropriate to limit the electrical energy to ensure temperatures below the minimum ignition temperature
for a pure oxygen environment, even under single-fault condition.

The particular combination of material, oxidant, and temperature determines whether a fire will occur, not a single value of any
one of these variables.

Amended Rationale for Clause 51.5: Measurement Accuratlge-section immediately following is a reprint of the rationale
from Specification F1452:1992, when halothane, enflurane, and isoflurane were the only halogenated agents clinically available.
Currently, there are two additional halogenated agents available, sevoflurane and desflurane. The committee addressed establishir
the measurement accuracy for these new agents in the same way that was applied by the original committee. Testing for accuracy
is spread over the entire range of measurement capabilities of the anesthetic gas monitors, and verified using halogenated ager
concentrations on the low-medium and high end of the clinically used concentrations.

Rationale Measurement Accuracy—From Specification F1452:198Re+equired accuracy for halogenated anesthetic gases
and nitrous oxide were probably the single most extensively discussed subject during committee deliberations. The committee
furthermore had before it the results of extensive deliberations at the international level on the same subject. The final figures were
arrived at after clinicians both nationally and internationally stated their “clinical requirements” for deviation from actual values
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at different concentrations of halogenated anesthetics and nitrous oxide (that is, clinically permissible inaccuracy of the readout
The resultant values, when the device is operating within these specifications, are compared in the following table with the
statement of clinical requirements.

Actual Anesthetic Gas Clinical Requirement Resultant Performance
Concentration, % for Accuracy Accuracy, %

Halegenated-Agents—%
650 +0.20
050

Halogenated Agent, %
0.50 +0.20 +0.23
1.00 +0.30 +0.30
1.50 +0.30 +0.38
I 2.30 +0.50 +0.53

4.00 +1.00 +0.75

Nitrous Oxide, %

40 +5.0 *5.2
50 *5.0 *6.0
60 +6.0 +6.8
80 +8.0 +8.4

{4)-There

There was concern among manufacturers that one random reading beyond the accuracy specified would be viewed as a failt
to perform-to the specification, and clinicians were concerned that the relatively simple accuracy specifications proposed woul
allow periodic cycling within the accuracy limits to be accepted.

To resolve both of these concerns, and provide a specification supported by classical statistical methods, two refinements we
added. Specifically, the term “mean” was added to the accuracy specification, indicating that the monitor was to be tested in suc
a manner that deviation of the recorded value for the displayed gas reading from the true mean was to be statistically insignifican
The method by which this is to be accomplished is left to the discretion of the testing party, but methods are well known, and the
confidence tests of methodology are well founded in the mathematics of statistics.

2—Fhe

The randomness of the data displayed (often referred to as “noise”) is critical not only to the test methodology, but to the use
as well. It is important not only to develop figures of merit for this parameter, but also to establish the method by which this
parameter will be measured. In general, randomness is found to occur in a Gaussian (normal) distribution. The mathematics of sut
distributions are well-known and allow relatively simple calculations to be performed to establish the practical range-ef readings.

I As-an readings, for example:

—from-the-mean:
68.27 % of all the readings occur within +1.0 ¢ (standard deviation) from
the mean,
9545~ =2
95.45 % of all the readings occur within =2.0 ¢ from the mean,
99.73 % of all the readings occur within =3.0 ¢ from the mean, and
99-993+ + tthtn—=4-0-st
99.9937 % of all the readings occur within =4.0 ¢ from the mean.

There is a general consensus that the limit of practical consideration for the values of a Gaussian set is batiBdedigsma
o (99.73 %). While it is still possible for a reading to occur beyond this limit, it only occurs 0.27 % of the time. (Approximately
1 reading in 400 will be beyond this limit, versus 1 reading in—28f&-0-sigma, for+2.0 g, or 1 reading in 15 000 for=4.0
siger)

3Theo.)

The fact that the deviations of readings are easily quantifiable (by calculation of the standard deviation) then allows for simple
methods to be used to establish limits of clinicat-aceeptability.

#4)—The acceptability. The randomness specification for halogenated agents states: “in addition, six standard deviations of th
anesthetic gas readings (for a given anesthetic gas level) shall be less than or equal to 0.6 volumes percent.”

Six standard deviations is equivalentt®.0-sigmao (and shall not exceed 0.6 volumes percent). This means that 68.27 % (just
over-2£3)%s) of all the readings occur withir:0.1 volumes percent from the mean reading; that 95.45 % (just-ever-194D)
of all the readings occur withirt 0.2 volumes percent from the mean reading; and that 99.73 % (abeut-39%7400) of all the
readings occur within=0.3 volumes percent from the mean reading.

5—TFhe

The randomness specification for nitrous oxide states: “in addition, six standard deviations of the anesthetic gas readings (fc
a given nitrous oxide level) shall be less than or equal to-18-6-velumes-percent.”

6)-Six volume percent.”

Six standard deviations is equivalentte3-0-sigma to+ 3.0 o (and shall not exceed 10.0 volumes percent). This means that
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68.27 % (just over2/3¥s) of all the readings occur withirt 1.7 volumes percent from the mean reading; that 95.45 % (just over
19/20)1920) of all the readings occur withirt 3.3 volumes percent from the mean reading; and that 99.73 % (about39%7400)
of all the readings occur within:5.0 volumes percent from the mean—reading.

X+9—Rationate reading.
Rationale for CIause—59—4—2AﬂeHev+ew—et—n=raHy—eess+bﬂmes—the 60 2—M|xed Haloqenated Aqents Alarm Signal— The
commltte : 3 56 est gases,
iele j j j e g an 1/5 of the
d to have—added—a—eeﬁeeﬁtranon knov
ertified to

vilt be noted requwement that the
re listed in
oxide test point,

MF%%H%WWH%%MTOUH%WH&W—W&HNaS chosen
beeause—rHs monltor alarm When he : o-halogenated

A B- 0 eeHs d so

that—the dewce has detected more than one anesthetm—agen%&nﬁy%ees—&epes&He#tﬁw—saﬂﬁated—gas—and—mHarwng pressuri
typically-seen in-an-anesthetic-breathing-cireuit-—Thetestis-designedto-demonstrate-that the-anesthetic-agentmeonitorwill function

etic-gas—monitor
- long and it mixture. The

commlttee feels thls alarm smnaHs—net—un%easenable needed—te—use—a—gas—memteefeemat—peﬂed—et—tme—mtheﬂ% having to
re-calibrateit.

X+13—RatienaleR51-1:—-Control-Funetion help identify cross-filled vaporizers-and-Peosition,—NetEhisnote-indicates a
des+|=alerl-|ty to-aveid detectapﬁeﬁ@—md&m&m—aﬁeﬁh%%e&&seme—&meﬂen—bwe&ﬁe—a&seeﬁed control failure in the

- 51-3: i y v wing: a
Reato € -option encentration-atarm;-and-ope i both high
and—lew—eeneeﬁtratren—atatcms vaponzer “Iockout” systems#heeemnm&eealse#dﬁetaﬂse%%hﬁﬁhemhegasaﬁomtor was
ﬂfst—tumed—en—t-he—h@a—eeﬁeentraﬂon alarm S|qnal requwements were estabhshed in two parts. A low-priority-atarm-should be a
ator-response-be-promptbutneed-ne ; ommittee-was-concerned allowed

for devices with ation automatic identification of

hlgh—pHthy—alﬁme—eﬁ—the—aﬁestheaa—maehﬂ%e and |nd|V|duaI haloqenated agents—m—ﬂee—epemtmg—reenﬁ-}amd (

Astances, th

5 ? - ' i 3 ology nesthetic gas
e i ict-i isti ipme igr—philosophy

was felt 3. For devices
i issue (see

(—?ﬁ#hus,—a—n&mbeleet—geﬁe*al-tenﬂs—wefe—deﬂned automatlcally quantlfylnq |nd|V|duaI haloqenated agents-and-assighed a name,

were-as follows:
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{@-Pefine when the-alarm-set-point-as-the-setting-thatrelates combined MAC is egual-to-the-intended-displayed-value at whic
atarm-activation-eceurs—This-definition-speaks-teititentof the-elinician;rather or greater than 3, the-speecifie-design-strategy

peak—te—aJramq—accuracy a
ically, thi

arifies tha

i iy i i : he-ch yed Feaetmg—at—alaﬂﬂ—aetlvatlon ar
qu—d+5p+ayed—|=ead+ng Ieast—a{—whreh—ﬂae—ehmeraﬂ—mteﬂded—tuhe—alarm medlum priority. These requirements were ereated to b
activated-(the-new-definition-of-alarm-setpeoint).

#)—This-simplification-could-be-reached-when provide-the-moniter-manufacturers—realized-that-the-practicalHmplementation
capability of—etrgl%&l—nmﬁemag—sys{ems—eaused—ve*y—elese—eeﬁdatlon changmg between haloqenated aqents without creatin

nuisance alarm isplay digi
iginal inten

strategy. signals.

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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