QH”) Designation: F 1452 — 92

Standard Specification for
Minimum Performance and Safety Requirements for

Components and Systems of Anesthetic Gas Monitors 1

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 epsilonej indicates an editorial change since the last revision or reapproval.

INTRODUCTION

The measurement of the concentration of inhalation 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 follows contains rationale for the most important requirements. It is included to
provide additional insight for the reasoning that led to the requirements and recommendations that
have been incorporated in this specification.

SECTION ONE—GENERAL standard is referred to as the General Standard throughout
this document; the section and clause numbering as well
1. Scope as the titles used here follow those used in IEC 601-1.)
1.1 This specification applies to ANESTHETIC GAS |EC 651:1979 Sound Level Meters
MONITORS used with adults, children, and neonates. It does |EC 801-2:1993 Electromagnetic Compatibility  for
not apply to devices intended for use in laboratory research  |ndustrial-Process Measurement and  Control
applications, non-human applications, or for calibration of Equipment—Part 2: Electrostatic Discharge Requirements
anesthetic agent vaporizers. 2.4 I1SO Standards:
ISO 3744:1981 Acoustics—Determination of Sound Power
2. Referenced Documents Levels of Noise Sources: Engineering Methods for Free-
2.1 The following standards contain provisions which, Field Conditions over a Reflecting Plane
through reference in this specification, constitute provisions of |SO 4135:1979 Anesthesiology—\Vocabulary
this specification. At a time of publication of this document, the |SO 5356-1:1986 Anesthetic and Respiratory Equipment—
editions indicated were current. All standards are subject to  Conical Connectors—Part 1: Conical Connectors for the
revision, and parties using this specification are encouraged to  Breathing System
investigate the possibility of applying the most recent editions |SO 5356-2:1987 Anesthetic and Respiratory Equipment—

of the standards listed below. Conical Connectors—Part 2: Screw-Threaded Weight-
2.2 ASTM Standards: Bearing Connectors
F 1054 Specification for Conical Fittings of 15 mm and 22 SO 7000-1984 Graphical Symbols For Use on
mm Size$ Equipment—Index and Synopsis

F 1161 Specification for Minimum Performance and Safety |SO 7504:1984 Gas Analysis—\Vocabulary
Requirements for Components and Systems of Anesthesia |SO 7767:1988 Oxygen Analyzers for Monitoring Patient

Gas Machines Breathing Mixtures—Safety Requirements

F 1343 Specification for Anesthetic Equipment-Scavenging 2.5 Other Document$:

Systems for Anesthetic Gases CGA C-9-1982 Standard Color Markings of Compressed
2.3 IEC Standards’® Gas Cylinders Intended for Medical Use in the United

IEC 601-1:1988 Medical Electrical Equipment—Part 1: States
General Requirements for Safety. (This particular IEC NFEPA 70-1993 National Electric Codle

3. Terminology

1This specification is under the jurisdiction of ASTM Committee F-29 on 3.1 Definitions—The definitions given in Clause 2 of the
Anesthetic and Respiratory Equipment and is the direct responsibility of Subcom-
mittee F29.01.06 on Anesthetic Agent Analyzers.

Current edition approved December 15, 1992. Published June 1993. 4 Available from Compressed Gas Association, 1235 Jefferson Davis Highway,

2 Annual Book of ASTM Standardgol 13.01. Arlington, Va 22202.

3 Available from American National Standards Institute, 1430 Broadway, New ° Available from National Fire Protection Association (NFPA), 470 Atlantic Ave.,
York, NY 10018. Boston, MA 02210.

Copyright © ASTM, 100 Barr Harbor Drive, West Conshohocken, PA 19428-2959, United States.
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General Standard apply, with the following additions: 100 —

3.1.1 accuracy—the quality that characterizes the ability of =~ 0
a device to give indications approximating to the true value of§ g |
the quantity measured. s

3.1.2 alarm—an indication that some undesirable condition
exists.

3.1.3 alarm set point—the setting of the adjustment control,
or display value, that indicates the anesthetic gas reading, at
beyond which the alarm is intended to be activated.

3.1.3.1 Discussior—Terms such as “alarm limits” or “alarm
threshold” are frequently used to describe the same function

3.1.4 alarm system-those parts of the anesthetic gas moni-
tor which: (1) establish the alarm set point(s®) (activate an
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the low alarm set point, if provided, or is equal to or greater Total System
than the high alarm set point. Response Time
3.1.5 anesthetic gas levelthe volume percent of anesthetic FIG. 1 Lag Time, Rise Time, and Total System Response (Delay
gas in a gaseous mixture. Time is Synonymous with Lag Time and is the Preferred Term)

3.1.6 anesthetic gas monitera device for the measurement
of the concentration or partial pressure of anesthetic gas(es) il} . . .
ventilatory gases. of zero or low concentration _from the drift considered at one or
3.1.6.1 Discussior—The anesthetic gas monitor consists ofseveral levels of concentration.

all equipment, including accessories, sensor, and sampling tube3-1-16 high priority alarm—a combination of audible and
(if a diverting type), specified by the manufacturer for the Visual alarms indicating that immediate action on the part of

intended use of the anesthetic gas monitor. the operator is required. _
3.1.7 anesthetic gas readingthe measured anesthetic gas 3-1-17 interference with measurement accuraeie differ-
level as indicated by the analyzer display. ence between the anesthetic gas readings in the presence and

3.1.8 anesthetic gas scavenging systersystems that col- aPSence of an interfering gas(es). y
lect and remove the excess anesthetic gases and vapors>-1-18 low priority alarm—an indication of a condition that
released from equipment used in administering anestheti¢§duires awareness, but not necessarily action, on the part of
under normal operating conditions, or exhaled by the patientn€ operator.

Scavenging is intended to reduce ambient concentrations of 3-1.19 medium priority alarm—a combination of audible
anesthetic agents in anesthetizing areas. and visual alf_;lrms in_dicating that prompt action on the part of

3.1.9 anesthetic gas transducera device for converting the operator is required.
the partial pressure or volume percent of an anesthetic gas or3.1.20 non-diverting anesthetic gas moniteian anesthetic
vapor into a signal for monitoring or recording. gas monitor that uses a sensor at the sampling site.

3.1.10 common gas outletthat port through which the  3.1.21 partial pressure—the pressure that each gas in a gas
dispensed mixture from the anesthetic apparatus is delivered fpixture would exert if it alone occupied the volume of the
the breathing system. mixture at the same temperature.

3.1.11 default parameter (default settingthose operating ~ 3.1.22 rise time—the time required to display a rise from 10
parameters within the machine, which are pre-set at the factor{p 90 % of the change in the anesthetic gas value by the
or by the operator, and which the machine itself sets, withougnesthetic gas monitor when a step function change in anes-
further intervention, when it is turned on. thetic gas volume percent occurs at the sampling site (see Fig.

3.1.12 delay time—the time from a step function change in 1).
anesthetic gas concentration or partial pressure at the sampling3.1.23 sampling site-the location at which respiratory
site to the achievement of 10 % of the step change in anesthetiiases are diverted from measurement to a remote sensor in a

gas value in the analyzer (see Fig. 1). diverting anesthetic gas monitor or the location of the sensor
3.1.13 display—the visual representation of output data. ~area in a non-diverting anesthetic gas monitor. _
3.1.14 diverting anesthetic gas monitera monitor that ~ 3.1.24 sampling tube-the conduit for transfer of respira-

transports a portion of ventilatory gases from the sampling sitéory gases from the sampling site to the sensor in a diverting

through a sampling tube to the sensor, which is remote from thanesthetic gas monitor.

sampling site. 3.1.25 sensorthe part of the anesthetic gas monitor that is
3.1.15 drift—(from 1SO 7504:1984) change of the anes-sensitive to the presence of the anesthetic gas.

thetic gas level display of an analyzer for a given level of 3.1.26 total system response timehe sum of the delay

concentration over a stated period of time, under referencéme and rise time (see Fig. 1).

conditions that remain constant. 3.1.27 volume percent (V/V) of a gas or vapethe volume
3.1.15.1 Discussior—It is necessary to distinguish the zero of an anesthetic gas (or other gas or vapor) in a mixture,

drift that concerns the operation of the instrument with samplesxpressed as a percent of the total volume.



4. Relationship of This Specification to the General
Standard

Section One—General
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(A) (NA) (AM/R)A
1. Scope and object X
2. Terminology and definitions X
3. General requirements X
4. General requirements for tests X
5. Classification X
6. Identification, marking, and document X
7. Power input X
Section Two—Environmental Conditions
8. Not used® X
9. Not used X
10. Environmental conditions X
11. Not used X
12. Not used X
Section Three—Protection Against Electric Shock Hazards
13. General X
14. Requirements related to classification X
15. Limitation of voltage or energy, or X
both
16. Enclosures and protective covers X
17. Separation X
18. Protective earthing, functional earth- X
ing, and potential equalization
19. Patient auxiliary currents X
20. Dielectric strength X
Section Four—Protection Against Mechanical Hazard
21. Mechanical strength X
22. Moving parts X
23. Surfaces, corners, and edges X
24. Stability in normal use X
25. Expelled parts X
26. Vibration and noise X
27. Pneumatic and hydraulic power X
28. Suspended masses X

Section Five—Protection Against Hazards from Unwanted or Excessive

Radiation
29. X-radiation X
30. Alpha, beta, gamma, neutron radia- X
tion and other particle radiation
31. Microwave radiation X
32. Light radiation (including visual radia- X

tion and lasers)

33. Infra-red radiation

34. Ultra-violet radiation

35. Acoustical energy (including ultra-
sonics)

36. Electromagnetic compatibility

X X X

Section Six—Protection Against Hazards of Ignition of Flammable Anes-
thetic Mixtures

37. Locations and basic requirements X
38. Marking and accompanying docu- X
ments

39. Common requirements for Category X
AP and Category APG equipment

40. Requirements and tests for Category X
AP equipment, parts or components

thereof

41. Requirements and tests for Category X
APG equipment, parts or components

thereof

X

Section Seven—Protection Against Excessive Temperatures and Other
Safety Hazards

(A) (NA) (AM/R)*
42. Excessive temperatures X
43. Fire prevention X
44. Overflow, spillage, leakage, humidity, X
ingress of liquids, cleaning, sterilization,
and disinfection
45. Pressure vessels and parts subject to X
pressure
46. Human errors X
47. Electrostatic charges X
48. Materials in applied parts in contact X
with the body of the patient
49. Interruption of the power supply X

Section Eight—Accuracy of Operating Data and Protection Against Haz-
ardous Output

50. Accuracy of operating data X
51. Protection against incorrect output X

Section Nine—Abnormal Operation and Fault Conditions; Environmental

Tests

52. Abnormal operation and fault condi- X
tions
53. Environmental tests X

Section Ten—Constructional Requirements
54. General X
55. Enclosures and covers X
56. Components and general assembly X
57. Main parts, components, and layout X
58. Protective earthing—terminals and X
connections
59. Construction and layout X

Additional Clauses

x

60. Interfering gas and vapor effects
(other than water vapor)

61. Pressure effects

62. Sample gas exhaust port

63. Breathing system connections

64. Obstruction of sampling tube

65. Contamination of breathing systems

X X X X X

A A = applies, NA = not applicable, and AM/R = applies with an amendment,
addition, or revision to the requirement in the General Standard.

B “Not used” means that material in this (these) section(s) of IEC 601-1:1977 has
been deleted from the 1988 edition, but the section number is reserved for future
use.

5. Clauses Containing Amendments, Additions, or
Replacements to the Text in IEC 601-1:1988

Note 1—The clause numbers used refer to the specific section in the
General Standard.

4. General Requirements and General Requirements for
Tests—The requirements given in Clauses 3 and 4 of the
General Standard apply, together with the following addition:

4.12 Test methods other than those specified in this draft
specification, but of equal or greater accuracy, may be used to
verify compliance with the requirements of this draft specifi-
cation. However, in the event of dispute, the methods specified
in this draft specification shall be used as the reference
methods.

5. Classificatior—The requirements given in Clause 5 of
the General Standard apply, with the following additions:
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Note 2—An ANESTHETIC GAS MONITOR may have APPLIED
PART(S) of different types (as classified in Clause 14.6 of the G'enera(la) The anesthetic gas measurement range and the accuracy and precision of
Standard). measurement;

Clauses 5.4 and 5.6 are deleted and the following is adde&:) If the ANESTHETIC GAS MONITOR is capable of identifying the haloge-

.. X S . nated anesthetic gas(es) without user intervention, the manufacturer shall
5.9 The method(s) of sterilization or disinfection recom-  make the test methods and results supporting the claim available upon re-

mended by the manufacturer shall be included in the Iabeling quest, . o
and may be included in the marking. c) The gas diversion flow, if gas diversion occurs;

e . . X (d) The stability of measurement accuracy;
6. Identification, Marking, and DocumentsThe require- () The RISE TIME;

ments given in Clause 6 of the General Standard app|y§f) The anesthetic gas alarm range, its resolution, and delay time from detec-
together with the following modifications: flon to activation;

B . " 8 .. (9) The operating, nonoperating (standby), and storage temperature and hu-
Under” clearly legible,” the first sentence shall be modified  midity ranges, if applicable;
to read:

(h) Power requirements; and

() Time from switching on to obtaining specified operating performance.
Warning statements, instructional messages, or drawings: affixed permanently
and legible to an operator with a visual acuity of 1.0 (corrected if necessary)
from a distance of 1 m at an illuminance level of 215 Ix.

A detailed specification including the following:

(4) Details of any known adverse effects on stated function
(for example, measurement accuracy and precision, integrity of
6.1 aa) All operator interchangeable components of arlectrical isolation, and the integrity of pneumatic components)
ANESTHETIC GAS MONITOR that are flow direction sen- due to the following;
sitive shall be marked clearly and durably with an arrow)
showing the direction of gas flow.

Humidity or condensate, including, for example, any adverse effects if an
accessory is provided to improve the function of the sensor in the pres-
ence of condensation or particulate water;

6.1 bb) If a sampled gas inlet and outlet are provided, theiEb)

presence shall be marked clearly and durably. ©

6.1 cc) Packages for single use components shall bé&)
marked clearly with the following words:* SINGLE USE” or ((eg
“SINGLE PATIENT USE.” )

(h
Note 3—Additionally, Symbol No. 1051 given in 1ISO 7000 may be

Interfering gases or vapors;

Leaks or internal venting of sampled gas;
Mechanical shock;

Cyclic (ventilating) pressure in the breathing circuit;
Barometric pressure;

Fluctuation in ac mains or battery voltage;

) If automatic compensation for barometric pressure is not provided, then

the accompanying documents shall contain an explanation that the read-

used.

6.5 Color of the insulation of conductors shall be according

to NFPA 70.
6.6 a) Replace Clause 6.6 a) with the following:

Identification 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).

6.6 b) Replace Clause 6.6 b) with the following:

The point 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 port shall be marked clearly..

ings in concentrations units are correct only under the pressure at which
the anesthetic gas monitor is calibrated; and
Other sources of interference, if any.

(5) 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.

(6) Instructions for operation of the anesthetic gas monitor,
including the following:

(a)Checking and calibration before use;

(b)Routine inspection and testing;

(c)Recommended methods for cleaning and disinfection or sterilization;

(d)Recommended method for connecting an exhaust port of the ANESTHETIC
GAS MONITOR to an ANESTHETIC GAS SCAVENGING SYSTEM, if appli-

6.6 c) If color coding of labels for halogenated anesthetic cable; and

agents is used, they shall be in accordance with Table 1.

TABLE 1 Colors for Color Coding of Anesthetic Agents

Anesthetics  Color Federal Pantone Munsell
Enflurane orange 22510 144 2.5YR 6/16
Halothane red 11105 200 5R4/14
Isoflurane purple none 252/253 7.5P 4/12

6.7 Clause 6.7 of the General Standard shall apply.

(e) Recommended method of verifying alarm functions.

(7) Adescription of any recommended in-use calibration or
verification, or both, procedure employing recommended test
gas(es).

(8) A description of the correct installation of the ANES-
THETIC GAS MONITOR and a detailed description of sam-
pling arrangements and any connecting tubing.

(9) Upon request by the user, disclosure of the electromag-
netic compatibility standard or test method to which the
anesthetic gas monitor was tested.

6.8 Clause 6.8 of the General Standard shall apply, with the (10) The instructions for use shall include information

following additions:

concerning any precautions to be taken if a specific unusual

(A) The instructions for use shall additionally include therisk is associated with the disposal of a device, after its useful

following information:

life.

(1) A description of the purpose and intended use of the 7. Power Input—The requirements given in Clause 7 of the

ANESTHETIC GAS MONITOR,;

(2) A description of the principles of operation of the

General Standard apply.
8. Basic Safety RequirementdNot used.

ANESTHETIC GAS MONITOR, including the relationship
between gas concentration and its PARTIAL PRESSURE, and
the effects of humidity.

SECTION TWO—ENVIRONMENTAL CONDITIONS
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9. Removable Protective Meand\ot used. Replaced by  26.3 The A-weighted sound pressure level shall be mea-

Subclause 6.1.z. sured as follows:
10. Environmental Conditions-The requirements given in  26.3.1 Measuring InstrumentsA- precision sound level
Clause 10 of the General Standard apply. meter of Type 1, as specified in IEC 651, shall be used.
11. Not used. Measurements shall be made with the A-weighted network in
12. Not used; transferred to Subclause 3.6. use and the “slow” meter characteristics selected. The sound
level meter shall be calibrated in accordance with the manu-
SECTION THREE—PROTECTION AGAINST ELECTRIC SHOCK HAZARDS facturer’s instructions.

26.3.2 Test EnvironmentMeasurement shall be made in a
13. General Comments: Protection Against Electric Shockfree field over a reflecting plane, such as that specified in ISO
Hazards—The requirements given in Clause 13 of the GeneraB744.
Standard apply.
14. Requirements Related to Classificatiehe require-
ments given in Clause 14 of the General Standard apply.

15. Limitation of Voltage and/or EnergyThe requirements ) - ) »
given in Clause 15 of the General Standard apply. 26.3.3 Ambient Conditions-At the microphone positions,

16. Enclosures and Protective CoverShe requirements the A-weighted sound pressure levels of the background noise
given in Clause 16 of the General Standard apply. shall be at least 10 dB below the sound pressure level to be

17. Separation (Formerly Insulation and Protective Measured.
Impedances)-The requirements given in Clause 17 of the Nore 6—If barometric pressure, temperature, or relative humidity
General Standard apply. deviate from those of standard conditions, appropriate corrections may be
18. Protective Earthing, Functional Earthing and Potential used.
Equalizatior—The requirements given in Clause 18 of the 5g 3 4 Anesthetic Gas Monitor InstallationEae ANES-
General Standard apply. _ _ THETIC GAS MONITOR shall be mounted as recommended
19. Continuous Leakage Currents and Patient Auxiliary py the instructions for use and in a manner typical of its
Currents—The requirements given in Clause 19 of the Genera|ntended use. If it is intended to be table-mounted, the table top

Note 5—The necessary conditions may be achieved economically on a
hard, flat surface outdoors, in a large room, or in a smaller room with
sufficient sound absorptive materials on its walls and ceiling.

Standard apply with the following exception: ~ shallbe a hard, acoustically reflecting surface, unless a resilient

_ (1) When national standards mandate more restrictive limpad is recommended in the installation instructions. If it is

its, these more restrictive limits shall apply. wall-mounted, the wall shall be of hard, acoustically reflecting
(2) Initem 19.1 e), add the following: material.

(a) For non-diverting anesthetic gas monitors at the sensor; 26.3.5 Procedure—@perate the ANESTHETIC GAS

(b) For diverting anesthetic gas monitors, at the junction of the sampling tubing

and the body of the anesthetic gas monitor. MONITOR over its normal working range. Place the micro-

_ _ . ) _ phone at the position of maximum sound pressure level in the
20. Dielectric Strength-The requirements given in Clause prizontal plane passing through the geometric center of the
20 of the General Standard apply. ANESTHETIC GAS MONITOR and at a radius of 1 m. At
each setting, if the ANESTHETIC GAS MONITOR is in-
tended for use with a sampling tube, make a second measure-
) . ) _ ment using the recommended sampling tubing. Place the
21. Mechanical Strength-The requirements given in  gampling tubing inlet so as to lie on the specified horizontal

SECTION FOUR—PROTECTION AGAINST MECHANICAL HAZARDS

Clause 21 of the General Standard shall apply. plane, with the axis of the sampling tubing vertical and 150
22. Moving Parts—The requirements given in Clause 22 of 1\ from the microphone on the axis between the ANES-
the General Standard shall apply. . _ THETIC GAS MONITOR and the microphone. If the length of
~ 23. Surface, Corners and EdgesThe requirements given the sampling tubing does not allow this disposition, move the
in Clause 23 of the General Standard shall apply. microphone toward the ANESTHETIC GAS MONITOR until
24. Stability in Normal Use-The requirements given in the distance between it and the sampling tubing is 150 mm. If
Clause 24 of the General Standard shall apply. the manufacturer recommends or supplies accessories for
25. Expelled Parts—The requirements given in Clause 25 particular diagnostic applications and states that these reduce
of the General Standard shall apply. the A-weighted sound pressure level to 60 dB or less, repeat the
26. Vibration and Noise: measurements with the accessories fitted. If any such accessory

26.1 If an ANESTHETIC GAS MONITOR is included as a incorporates a port intended for connection to a tracheal or
part or integral to other equipment, the relevant specificationracheostomy tube, connect the tube of an internal diameter
for that equipment shall apply. equal to or greater than that of the port and at a length such that

26.2 If, when tested, as described in 26.3, the A-weightedts other end will be sufficiently distant from the sound level
sound pressure level exceeds 60 dB, the circumstances undeeter not to interfere with the noise measurements.
which it occurs shall be noted. 27. Pneumatic and Hydraulic PowetThe requirements

Nore 4—If an accessory intended for a particular application reducedV€N i Clause 27 of the General Standard shall apply.

the A-weighted sound pressure level to 60 dB(A) or below, the manufac- 28. Suspended MassesThe requirements given in Clause
turer should state in which part or parts of the operating range this occur8 of the General Standard shall apply.
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oxygen or nitrous oxide enriched atmospheres (or mixtures of
SECTION FIVE—PROTECTION AGAINST HAZARDS FROM UNWANTED OR gases Containing anesthetic gases referred to in Clause 37), at
EXCESSIVE RADIATION least one of the following requirements shall be met:
, ) i _ (&) Electrical components shall be separated from compart-
(1) The requirements given in Clauses 29 through 35 of thigents in which accumulations of such gases can occur by a
section of the General Standard shall apply. _ barrier complying with the requirements given in 43.2.
(2) The manufacturer shall mark the device with a warning )y compartments containing electrical components shall be

to refer to the accompanying documents for the eXp.eCtegentilated according to the requirements given in 43.3 of this
adverse effects on the performance of the anesthetic 9 aft specification

monitor when exposed to_electrocautery, electrosurgery, (c) Electrical components, which in normal use and single
defibrillation, X-ray (gamma radiation), infrared radiation, s P ’ Lo 9
fault condition can be a source of ignition, shall comply with

conducted transients, magnetic fields including magnetic resQr requirements given in Clause 43.5 of this draft specifica-
nance imaging (MRI), and radiofrequency interference that arg '

known at the time of preparation of the accompanying docu- . . -
ments. brep panying 43.2 Any barrier required under the provisions of 48)1(
36. Electromagnetic Compatibilig=The requirements in shall be sealed at all joints and at any holes for cables, shafts,
or other purposes.

Clause 36 of the General Standard apply, with the following X .
addition (the test method in 36.1 is derived from IEC 801- (1) Compliance shall be checked by the following methods,

2:1991: as appropriate:
36.1 Protection from Electrostatic DischargeFhe ANES- (& Inspection;

; _ b I for encl ith restricted breathing, given in 40.5 of
THETIC GAS MONITOR shall continue to function and meet( ﬁi?;‘;‘,ﬁ?;‘i;ﬁ;;ﬁ’ enclosures wiih restricted breathing, given in 40.5 0

the requirements of this draft specification or shall fail without(o) If, under normal conditions, a pressure difference exists between the spaces
causing a safety hazard when tested in accordance with |EC Separated by the barrier, the test method given in 43.4.

801-2. The discharges shall have a potential of 3% % dc 43.3 The ventilation required in 43H)(shall be such that,

for a contact discharge and 8 k5 % dc for an air discharge. when tested by the method described in 43.5, the oxygen level
Discharges shall be applied only to accessible parts angh the enclosed compartment containing electrical components
coupling planes (as defined in IEC 801-2). If an anomalyshall not exceed 4 % above the ambient oxygen level; if this
occurs, such as display interrupt, alarm activation, etc., itequirement is met by forced ventilation, an alarm shall be
should be possible to restore normal operation within 30 s aftgsrovided to warn of failure of the ventilation.

the electrostatic discharge has been applied. (Silencing of an43.4 Oxygen levels in enclosed compartments shall be
activated alarm shall not be considered a failure.) tested as follows:

SECTION SIX—PROTECTION AGAINST HAZARDS OF IGNITION OF 43.4.1 PrinCiple_The oxygen level in the enclosed com-
FLAMMABLE ANESTHETIC MIXTURES partment is measured after the ANESTHETIC GAS MONI-
TOR has been operated for 18 h under single fault conditions.
37. Locations and Basic Requirementhe requirements _ 43.4.2 Procedure—Place the ANESTHETIC GAS MONI-
given in Clause 37 of the General Standard shall apply. TOR in a room in which the air exchange is between 3 and 10

38. Marking, Accompanying Documentshe require- [00M volumes per hour. Flow 100 %,@hrough the ANES-

ments given in Clause 38 of the General Standard shall apply.{ET!IC GAS MONITOR at the maximum diverting flow.
Switch off the mains supply and measure the oxygen level in

39. Common Requirements for CATEGORY AP and CA
: ; - the enclosed compartment. Operate the ANESTHETIC GAS
EGORY APG EQUIPMENFTh X " .
GO G EQU e requirements given in MONITOR under single fault conditions, with the least favor-

Clause 39 of the General Standard apply. . ; ;
40. Requirements and Tests for CATEGORY AP EQUIP?ble control setting selected and with the mains voltage

- o . .
MENT Pars and Componenis Therethe requremerts Sou'd DI210%, | aploabl e 18 b owich of he
given in Clause 40 of the General Standard shall apply. pply Y9

. compartment.
41. Requirements and Tests for CATEGORY APG EQUIP 43.4.3 Expression of ResultsRecord the oxygen levels

MENT, Parts and Components Theredfhe requirements measured at the beginning and end of the 18 h period.

given in Clause 41 of the General Standard shall apply. . NS )
43.5 Electrical circuits, which can produce sparks or gener-
SECTION SEVEN—PROTECTION AGAINST EXCESSIVE TEMPERATURES ate increased surface temperatures and which can be a source
AND OTHER SAFETY HAZARDS of ignition, shall be so designed that no ignition occurs. The
following requirement shall be satisfied in normal condition
42. Excessive TemperaturesThe requirements given in and single fault condition:
Clause 42 of the General Standard shall apply. (1) The surface temperature of components shall not exceed
43. Fire Preventior—The requirements given in Clause 43 300°C, unless it can be shown that no ignition occurs when the
of the General Standard apply, together with the followingcomponent(s) is(are) exposed to 100 % & temperatures
additional requirements: above 300°C.
43.1 In order to eliminate the risk of fires caused by (2) Short- and open-circuiting of resistors, capacitors, and
electrical components which may be a source of ignition ininductances complying with the requirements given in Clause
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14 of IEC 65:1985 are not considered to be single fault (2) For nitrous oxide, the difference between the mean
conditions. ANESTHETIC GAS READING and the ANESTHETIC GAS
43.6 Compliance shall be checked by measuring the surfadeEVEL shall be within + (2.0 volume percent+ 8 % of the
temperatures of the components under normal and single fauNESTHETIC GAS LEVEL) over the full measurement range
conditions. If the surface temperature of the component(s3pecified in the accompanying documents. In addition, six
exceeds 300°C, inspect for ignition when the component(s3tandard deviations of the ANESTHETIC GAS READINGS
is(are) exposed to 100 %, @t the measured temperature. (for a given nitrous oxide level) shall be less than or equal to
44. Overflow, Spillage, Leakage, Humidity, Ingress of Lig-10.0 volume percent.
uids, Cleaning, Sterilization and Disinfectieflhe require- (3) Compliances shall be checked by the test given in 50.4.
ments given in Clause 44 of the General Standard apply, as 50.4 Test Method:
well as those given in “Good Manufacturing Practices” issued 50.4.1 Principle—ANESTHETIC GAS READINGS are de-
by the Food and Drug Administratich. termined at a number of anesthetic gas levels spanning the
45, Pressure Vessels and Parts Subject to Pressiike = ANESTHETIC GAS MONITOR measurement range.
requirements given in Clause 45 of the General Standard apply, 50.4.2 Test gases of an accuracy equal to or better than
except for 45.71§), and with the following addition: 0.03 % of the tolerance of the essential requirement stated in
45.7¢) It shall be so installed that it is accessible for clause 50.3 as determined by gravimetric methods shall be
inspection, maintenance, and repair according to the accompased for these tests. Alternative methods of certifying gas
nying documents. composition accuracy may be substituted for the gravimetric
46. Human Errors—The requirements given in Clause 46 of method if the alternative method can be shown to be equivalent
the General Standard apply, together with the following addi-or better than the gravimetric method.
tional clauses: 50.4.3 Dry Gas Testing—Fhe anesthetic gas monitor shall
46.1 Connections for calibration gases for which Diameteibe set up in accordance with the accompanying documents and
Index Safety System (DISS) or Pin Index Safety System (PISSested using dry test gas mixtures, given in Table 1, at an
are not specified shall not be interchangeable with diameter @ambient temperature of 2% 2°C. For each numerically
pin index systems. displayed anesthetic gas, verify that the accuracy requirements
46.2 Colors of calibration gas cylinders not already speci-of 50.3 are met.
fied in relevant national standards, such as CGA C-9-1982, 50.4.4 Water Saturated Gas Testing:
shall be color-coded differently from the colors specified for (1) Connect the ANESTHETIC GAS MONITOR to a simu-
medical gases. lated breathing system containing air fully saturated with water
46.3 Compliance with the requirements in 46.1 and 46.2at 37+ 2°C, with the system being cycled at a frequency of 10
shall be determined by inspection of the accompanying docusreaths/min between a pressure of ambient and 35 £in(BL.5

ments and the ANESTHETIC GAS MONITOR. kPa).
47. Electrostatic Discharges-The requirements given in (2) Following the accompanying documents, with the sam-
Clause 47 shall apply. pling site connected to the breathing system, operate the

48. Materials in Applied Parts in Contact with the Body of monitor with condensate visible at the sampling site for a
the Patient—The requirements given in Clause 48 of the minimum of 1 h.

General Standard apply. (3) At this point, perform an accuracy test using the gas
49. Interruption of the Power Supph/The requirements mixtures given in Table 2 (with a dry gas accuracy of 0.03
given in Clause 49 of the General Standard apply. volumes percent as in Clause 50.4.2) fully saturated at-37
2°C.

SECTION EIGHT—ACCURACY OF OPERATING DATA AND PROTECTION
AGAINST HAZARDOUS OUTPUT

TABLE 2 Dry Gas Test Mixtures

- 50. Accuracy of Operating Data+he requ"?mems giver) Note 1—5 % CQ, is used for all gas mixtures containing halogenated
in Clause 50 of the General Standard apply, with the followinggases except for the mixtures containing 0.5 % halothane, 1.0 % isoflu-

additional clauses: rane, and 5.0 % enflurane, all of which contain no appreciable amounts of
50.3 Measurement Accuracy: CO,.
(1) For halogenated anesthetic gases, the difference betweeno,, %  C0,%* N,O, % Halothane, % lIsoflurane,% Enflurane, %

the mean ANESTHETIC GAS READING and the ANES- 100

THETIC GAS LEVEL shall be within = (0.15 volume bal 65 0.5

percent + 15 % of ANESTHETIC GAS LEVEL) over the full > : o i

measurement range specified in the accompanying documents. pal 5 65 0.5

In addition, six standard deviations of the ANESTHETIC GAS  bal 65 1.0

READINGS (for a given ANESTHETIC GAS LEVEL) shall ; o >0 05

be less than or equal to 0.6 volume percent. bal 5 65 1.0
bal 65 5.0
bal 5 50

® Available from Good Manufacturing Practices for Medical Devices, Food and 100
Drug Administration, 5600 Fishers Lane (HF2-220), Rockville, MD 20857, or call “ CO, may be excluded from the test gas mixture if the anesthetic gas monitor
800-638-2041. is not intended for use in gas mixtures containing CO..
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50.5 Drift of Measurement Accuracy: (1) For controls that consist of a movable part and a
(1) The anesthetic gas monitor shall meet the requirementson-movable part, movement upwards, to the right, or in a
specified in 50.3 for no less th& h when used in accordance clockwise direction shall increase the control function. Move-

with the accompanying documents. ment downwards, to the left, or in an anti-clockwise direction
(2) Compliance shall be checked by the test given in 50.6shall decrease the control function.
50.6 Test Methods: (2) Rotary gas flow controls are exempt from this require-
50.6.1 Test Method (Water Saturated): ment.

Mg-&l;g;rsequweg]%m dIO(IEanOt app_ly ;0 AfNEiTHETI(.: GAS Note 9—Controls and their associated markings should be visible or
intended solely for use in dry fresh gas rnlth'm:"s'legible, or both, to an operator having a visual acuity (corrected, if

(2) Continue to operate the anesthetic gas monitor agecessary) of at least 1.0 when the operator is located atlleasn front
specified in 50.4.4, sampling the gas test mixtures in Table 3f the ANESTHETIC GAS MONITOR and the illuminance level is 215

evely 2 h for a minimum of 6 h. Ix. Controls should be identified clearly with their associated markings.
50.6.2 Test Method (Dry Gas): 51.3 ALARMS:
(1) If the ANESTHETIC GAS MONITOR is tested by the 57 3.1 Alarm Prioritization—The alarm characteristics of
method in Clause 50.6.1, this clause does not apply. monitors specified in this specification shall be grouped in

(2) The ANESTHETIC GAS MONITOR shall be set up in three categories: HIGH PRIORITY, MEDIUM PRIORITY,
accordance with the accompanying documents under the argnd LOW PRIORITY (see Tables 3-5).

bient conditions described in Clause 50.4.3. Connect the 51.3.1.1 The audible Components of these alarms should be
ANESTHETIC GAS MONITOR to a simulated common gas designed to allow silencing until the ANESTHETIC GAS

outlet supplying dry air at 23- 2°C into a simulated breathing MONITOR is placed in use (that is, connected to the patient)
system, with the system cycling at a frequency of 01  in order to reduce nuisance alarms.

breaths/min at an I:E ratio of 1:2 20 %, between a pressure 51 3.1.2 There shall be a visual indication that an audible
of ambient and 3.5 0.5 kPa (35t 5 cm H,0) above ambient.  51arm has been silenced.
(3) Operate the monitor for a minimum of 1 h, and afterthat 51 3.1.3 The set points of adjustable alarms shall be indi-
time perform an accuracy test using the dry gas method asated continuously or on user demand.
described in Subclause 50.4.3, with the test gas mixtures given51.3.2 HIGH PRIORITY ALARMS:
in Table 2. 51.3.2.1 There shall be a visual indication of the HIGH
(4) Continue to operate the ANESTHETIC GAS MONI- pRIORITY ALARM. It shall be different and distinguishable
TOR for a minimum of 6 h, repeating the accuracy test everyfrom the visual signals specified in 51.3.3 and 51.3.4.
2h. ] 51.3.2.2 There shall be a simultaneous audible indication of
50.7 Displays: _ the HIGH PRIORITY ALARM. This audible indication shall
(1) ANESTHETIC GAS LEVEL displays shall be marked pe different and distinguishable from the audible signals
continuously or on operator demand with kPa or V/V % specified in 51.3.3 and 51.3.4.
(volume percent) anesthetic gas. 51.3.2.3 The audible indicators shall reset automatically
(2) Displays should not be obscured by the hand normallyyhen the condition causing the alarm has cleared.
adjusting the control(s) associated with the display. 51.3.2.3.1 Alphanumeric or computer-generated graphic
~ (3) Compliance shall be determined by inspection of mark-gisplays are exempt from color and flashing frequency require-
ings and instructions for use. ments. However, if an alphanumeric or computer generated
51. Protection Against Hazardous OutpulThe require-  graphics display does not meet the visual requirements as given
ments given in Clause 51 of the General Standard are replacedl Taple 3, an alternative visual method that does meet those

by the following: N requirements shall be employed. The visual indicators of alarm
51.1 Control Function and Position: categories in Table 3 shall conform to the requirements of
(1) The measurement and test positions of controls shall basTM F29.03.04, under consideration.

clearly distinguishable. 51.3.2.3.2 Compliance shall be checked by functional tests

(2) When the display of a non-measurement mode is Nohnd inspections, to be furnished by the manufacturer in the
obviously distinguishable from a normal monitoring display, gperator's manual.

the ANESTHETIC GAS MONITOR shall return automatically 51.3.3 MEDIUM PRIORITY ALARMS:
from such nonmeasurement mode to normal monitoring mode 51.3.3.1 There shall be a visual indication of the MEDIUM
within a period not exceeding 1 min of no operator interactionpRIORITY ALARM. It shall be different and distinguishable

(3) Calibration controls shall include a means to prevenifrom the visual signals specified in 51.3.2 and 51.3.4.
inadvertent change from the intended position.

Note 7—User-operable function checks, other than “power on” for test TABLE 3 Alarms A
controls_ such as battery condition or S|gnal opf_sratlo_n, ' should. retumpriorit Operator \ndicator Color and
automatically from the check, test, or override position within a period not Yy Response Flashing Frequency

exceeding 1 min of no operator interaction. High immediate not medium or low priority red/1.4 to 2.8 H
_ . | I I u W priority . . z
Note 8—All other controls should also include means to prevent Medium  prompt not high or low priority yellow/0.4 1o 0.8 Hz

inadvertent change from the intended position and should have clearly awareness  not high or medium priority yellow/constant (on)

distinguishable positions. o — - — - . .
A single color indicator per category is sufficient to satisfy the requirements in
51.2 Movement of Controls: the table above.
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TABLE 4 Test Concentrations of Interfering Gases or Vapors, % 51.4.9 Generate at least four stable ANESTHETIC GAS
Nitrogen 78 (use medical air) READINGS that span the range of the alarm system in
Egﬁl:: oxide gg approximately equal steps by varying the ANESTHETIC GAS
Halothane 5 LEVEL delivered to the SENSOR, or by electrically stimulat-
Enflurane 5 ing the SENSOR, or by adjusting the calibration control (if
:EStC;]f;L:;ne gpecified by manufacturer provided).

Acetone specified by manutacturer (1) For each ANESTHETIC GAS READING, adjust the
(Chlorodifluoromethane) 5 ALARM SET POINT so that the alarm is deactivated. Incre-

mentally adjust the ALARM SET POINT until the alarm is
activated, and record the ANESTHETIC GAS READING at

TABLE 5 Test Gases for Pressure Effects which the alarm is activated. The difference between the

O, %fx  CO%*  N,O,% Halothane, % Isoflurane,% Enflurane, % ALARM SET POINT and the corresponding ANESTHETIC
bal 5 65 4.0 GAS READING shall not exceed 0.2 volumes percent for
EZ: g gg 05 Lo halogenated gases and 2 volumes percent for nitrous oxide.

~ — _ _ 51.5 Announcement of Alarm Condition:
AL e o e S e i e st s o 5151 1f ALARM SET POINTS are adjustable by the
operator, operator adjustment of ALARM SET POINTS or
51.3.3.2 There shall be a simultaneous audible indication 0bEFAULT PARAMETERS shall require a deliberate sequence
the MEDIUM PRIORITY ALARM. This audible indication of actions on the part of the operator. Temporary silencing of
shall be different and distinguishable from the audible signalgudible alarms, if provided, shall not exceed 2 min. The visual

specified in 51.3.2 and 51.3.4. signals shall remain until the alarming condition no longer
51.3.3.3 The audible indicator shall reset automaticallyexists. If permanent silencing of the audible portion is pro-

when the condition causing the alarm has cleared. vided, the control shall require deliberate action on the part of
51.3.4LOW PRIORITY ALARMS: the operator and shall incorporate a design feature to impede

51.3.4.1 There shall be a visual indication of the LOW accidental alarm silencing. The visual indication shall remain
PRIORITY ALARM. It shall be different and distinguishable yntil the operator re-enables the audible alarm.
from the visual signals specified in 51.3.2 and 51.3.3. 51.5.2 All alarms shall be provided with a DEFAULT

51.3.4.2 The audible indicator, if provided, shall reset auto-SETTING, and that DEFAULT SETTING shall be disclosed in
matically when the condition causing the alarm has cleared. the accompanying documents.

51.4 Alarm Characteristics:

51.4.1 The ANESTHETIC GAS MONITOR shall have high ~ SECTION NINE—ABNORMAL OPERATION AND FAULT CONDITIONS
anesthetic gas reading alarm(s) for halogenated ANESTHETIC

GAS(ES). (1) Clauses 52 and 53 of the General Standard apply.
51.4.2 The ANESTHETIC GAS MONITOR may have (a)
low ANESTHETIC GAS READING. SECTION TEN—CONSTRUCTIONAL REQUIREMENTS

51.4.3 Alarm set points for both high and, if provided, low
ANESTHETIC GAS READING shall be operator-adjustable. (1) Clauses 54 and 55 of the General Standard apply.
51.4.4 When the ANESTHETIC GAS MONITOR is  56. Components and General Assembly:
switched on, the high ANESTHETIC GAS READING for (1) This clause of the General Standard applies, except as
halogenated anesthetic gas(es) shall be (a) medium prioritfpllows:

Signal(s)- Components of the ANESTHETIC GAS MONITOR should be made of materials

51.4.5 Iflow ANESTHETIC GAS READING are provided, that are compatible with the gases and agents with which those components
they shall be low priority signal(s) are designed to come into contact, thus minimizing health risks due to sub-

stance leached from the anesthetic agent monitor in use
51.4.6 If the ANESTHETIC GAS MONITOR has an
operator-adjustable high ANESTHETIC GAS READING  (3) Clauses 57, 58, and 59 of the General Standard apply.
alarm priority control, it shall allow the operator to change the - ) .
ALARM priority between MEDIUM and HIGH PRIORITY 6. AddItIOI’Ia-J Requwemgnts Specifically Related to
only after the ANESTHETIC GAS MONITOR is switched on. ~ Anesthetic Gas Monitors
51.4.7 If the ANESTHETIC GAS MONITOR has an auto- 60. Interfering Gas and Vapor Effects (Other Than Water
matic change in ALARM priority setting, it shall change only Vapor):
to a higher alarm priority, and only after activation of the 60.1 The manufacturer shall disclose, in the accompanying
MEDIUM PRIORITY ALARM. documents, known effect on ANESTHETIC GAS READINGS
(1) Compliance shall be checked by inspection. (if any) caused by the gases given at the nominal concentra-
51.4.8 The difference between the ALARM SET POINT tions listed in Table 6. The manufacturer shall make available
and the ANESTHETIC GAS READING when the alarm is upon request the test methods used to make such determina-
activated shall not exceed 0.2 volumes percent for halogenatdibn.
anesthetic gas(es) and 2.0 volumes percent for nitrous oxide. 61. Pressure Effects:
(1) Compliance shall be checked by the procedure given in 61.1 ANESTHETIC GAS MONITORS shall either:
51.4.9. (a) Meet the requirements given in 50.3 following exposure
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TABLE 6 Test Gas Mixtures (Dry) for Water Saturated Testing 62. Sample Gas Exhaust Port:
Oy, % CO,,%" N,O, % Halothane, % Isoflurane,% Enflurane, % 62.1 For DIVERTING ANESTHETIC GAS MONITORS,
100 an exhaust port shall be provided to collect or route the
E:: 2 gg 4.0 05 diverting gas from the anesthetic gas monitor.
bal 5 65 1.0 (1) Compliance shall be checked by inspection.
A CO, may be excluded from the test gas mixture if the anesthetic gas monitor 63. Breathing System Connectieadf an ANESTHETIC
is not intended for use in gas mixtures containing CO,. GAS MONITOR is intended to be connected to the breathing

system through a T-piece, the breathing system connection
of the sampling site to a nominal positive pressure of 10 kP@orts of the T-piece shall be a 15 or 22 mm, or both, conical
(100 cm HO) and a nominal negative pressure of 1.5 kPa (1&onnector in accordance with Specification F 1054 (or 1SO
cm H,0) for 5 s each for 20 cycles; or 5356-1). The sampling gas and outlet ports of a DIVERTING
(b) be marked with the warning “not for use in breathing ANESTHETIC GAS MONITOR shall not be interchangeable
systems,” and a similar warning shall appear in the accompagith the breathing system connection ports of a breathing
nying documents. system.

(1) Compliance with &) shall be checked by the test given g4 opstruction of the SAMPLING TUBE:

in 61.2. 64.1 The DIVERTING ANESTHETIC GAS MONITOR

61.2 Compliance shall be tested as follows: o ;
61.2.1 Principle—The accuracy of the ANESTHETIC GAS 'Sl'rl]JaLl,lEhave a means to indicate obstruction of the SAMPLING

READINGS is determined after exposure of the SENSOR to ) . .
pressure changes. (1) Compliance shall be checked by the test given in 64.2.

61.2.2 Procedure—Cycle the pressure at the SAMPLING  64.2 Test Method-With the ANESTHETIC GAS MONI-
SITE between a positive pressure with respect to ambient of 1§OR operating according to the accompanying documents,
+ 1 kPa (100+ 10 cm H,0) and a negative pressure with obstruct the SAMPLING TUBE totally, and verify that the
respect to ambient of 1.5 0.2 kPa (15+ 2 cm H,0) for not ~ requirements of 64.1 are met.
less tha 5 s each. Repeat this procedure 20 times, and then 65. Contamination of Breathing System#t shall not be
conduct the test for measurement accuracy using the dry ga®ssible to reverse the direction of flow through the SAM-
method as described in Subclause 50.4.3, using the gases listedING TUBE in a DIVERTING ANESTHETIC GAS MONI-
in Table 3. TOR.

APPENDIX
(Nonmandatory Information)

X1. RATIONALE

X1.1 Rationale for Modification of Clause 6-#Dot matrix ~ monitor as listed in Numbers 6 and 7 of that clause.

and alphanumeric displays, as well as computer generated ] o
graphics, are not considered, for purposes of this specification, X1.3 Rationale for Clause 7: Power InpuiThis is a

to be indicator lights, so that they do not need to meet the IEdtypical statement which says that this partlcular_ requirement of
requirements of having specific colors according to whethefhe parent document, IEC 601-1 (1988), applies without any
they indicate a high priority or a medium priority alarm. It was €xemptions from, or additions to, the requirements as stated.
thought that the displays and graphics were sufficiently “atten-
tion getting” so that they did not require associated alarml.
lights.

X1.4 Rationale for Clause 8: Basic Safety Requirements
he phase “not used” means that the original requirements in
Clause 8 of the 1977 edition of IEC 601-1 are not used in the

X1.2 Rationale for Clause 6.7 Relating to Instructions for current (1988) edition of IEC 601-1.
Use (Numbers 1 to 8)The need to know the basic workings  x1.5 Rationale for Clause 26-21t is important that the

of the anesthetic gas monitor, its principles of operation, angnesthetic gas monitor not generate so much noise in normal

many of its detailed specifications should be self-evident. It iperation that it masks conversation or the sound of other
necessary that the user have any or all of this informationyarms within the operating room.

available, and that he know well any possible adverse effect on

the claimed function of the analyzer due to any of a number of X1.6 Rationale for Clause 36-+Anesthetic Gas Monitors
different conditions, for example, condensation from excessire not life-support devices, but a “vigilance adjunct.” There-
humidity, interfering gases, sensitivity to mechanical shocksfore, it is acceptable if this device fails without creating a
fluctuations in barometric pressure or supply voltage, etc. Isafety hazard (that is, without affecting patient safety directly)
should be equally self-evident that the user must be providedr presenting erroneous data. The test voltages of 8 kV for air
with instructions for proper operation of the anesthetic gaglischarges and 3 kV for contact discharges using the IEC 801-2

10
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(1991) network and procedure are adequate to ensure goaktermine the surface temperature of the element. Circuit
performance under the conditions in which anesthetic gaslementsin common design are designed to dissipate 100 watts
monitors are used. It is necessary to limit the application okasily, ten times the implied power of the clause, without
discharges to accessible parts, since to allow the application afgnificant increase in surface temperatures. They simply have
charges to the interior of the device would require the device ta large heat-sinking capability, designed to accommodate the
have internal barriers that would make service of the devicédigh levels of power dissipated. Certainly, this is an example of
more difficult and costly. It is reasonable to require any persorfgood practice” and should not be restricted by the specifica-
opening a device for maintenance to exercise both commotion.
sense and accepted work practices, which include ESD pre- (a) Because of these facts, it is very unlikely that any piece
cautions. of equipment with significant electronics will meet the criteria
stated in the clause for all elements of the design. Power supply
X1.7 Rationale R43.5-Historical perspective is that the 10 designers, as a matter of practice, would not be able to meet the
VA requirement was intended to provide a general criteria okpecification as presently stated; nor would they be likely to
good practice for the design of power dissipating elementgise the information to provide design direction, due to its
which may be required to operate in an Oxygen-enrichegimplistic view. Therefore, this clause is commonly disre-
atmosphere. The implication is that these specific desiggarded, and other criteria are used to qualify the ignition-
limitations prevent ignition-producing elements from beingresistance of the equipment design.
designed. (b) While this clause may have merit in providing guidance

Note X1.1—Curiously enough, the criteria stated does little in a realfor relat'vely. simple circuit deS|g'ns, 't. IS f_elt that it is not
sense to provide practical direction in design for a lower possibility ofcOmMprehensive enough to provide direction for the more
ignition, and that is why the requirement, “The product of the RMS valuecomplex modern designs and does not even speak to the issue
of the no-load voltage and the RMS value of the short circuit current shalbf primary concern, assurance that ignition surface tempera-

not exceed 10 VA" was removed)(All electrical circuits dissipate  yres are not exceeded in normal or single fault conditions.
power (there is no such thing as a 100 % efficient circuit). Dissipation of

power naturally raises surface temperatures of components in the circuit.

Therefore, the clause appliesatl electrical circuits. X1.8 Rationale R50.3: Measurement Accuraeyhe re-

i quired accuracies for halogenated anesthetic gases and nitrous
(2) The maximum surface temperature of the power-pyide were probably the single most extensively discussed
dissipating element is the primary parameter of interest withsypject during committee deliberations. The committee further-
respect to ignition in an oxygen-rich environment. Everymore had before it the results of extensive deliberations at the
flammable compound has a unique and intrinsic surfaCgyternational level on the same subject. The final figures were
temperature above which ignition occurs spontaneously ifyrived at after clinicians both nationally and internationally
oxygen is present. Therefore, the specification should bgtated their “clinical requirements” for deviation from actual
written in such a manner that emphasis is placed on controllingayes at different concentrations of halogenated anesthetics
surface temperatures below the intrinsic ignition point for allznd nitrous oxide (that is, clinically permissible inaccuracy of
flammable elements. the readout). The resultant values, when the device is operating

(3) The requirement for 10 VA as the maximum product of within these specifications, are compared in the table below
RMS no-load voltage and RMS short-circuit current implies ayith the statement of clinical requirements.

maX|r.’nu'r,n Power dISSIpatIOI’] ,anq .therefore |mpl|es QOOd Actual Anesthetic Gas Clinical Requirement Resultant Perfor-
practice with respect to maintaining surface temperatures concentration, % for Accuracy mance Accuracy, %
below the ignition temperature. In fact, it does not, as it does

. . 0,
not limit power or temperature. Halogenated Agents, %

(4) The reason that it does not limit power is that it is not a To0 050 050
measure of the power being dissipated under any“ normal” 1.50 +0.30 +0.38
circumstance. Under no load (zero current conditions), the i e g
power dissipated by the circuit element is zero.
(Power=V X I, and RMS no-load voltage multiplied by zero Nitrous Oxide, %
current is zero.) Under short-circuit current, the power is gg ig:g ig:g
undefined. This is because modern circuits, and especially 60 +6.0 +6.8
power supplies, usually have provisions to actively reduce the 80 +8.0 *8.4
drive voltage when abnormally low circuit resistance is de- (1) There was concern among manufacturers that one ran-
tected (“foldback” under short-circuit conditions). dom reading beyond the accuracy specified would be viewed as

(a) Thus, the voltage and current used in the calculatiora failure to perform to the specification, and clinicians were
specified occur under cases of either no power dissipation, @oncerned that the relatively simple accuracy specifications
undefined (or abnormally low-by design) power dissipation proposed would allow periodic cycling within the accuracy
and do not indicate the maximum power dissipation of thdimits to be accepted.
circuit under worst-case load. Most high power circuits are To resolve both of these concerns, and provide a specifica-
designed to dissipate maximum power in some interveningion supported by classical statistical methods, two refinements
condition of load between no load and short circuit. were added. Specifically, the term “mean” was added to the

(5) The maximum power dissipation of the circuit does notaccuracy specification, indicating that the monitor was to be

11
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tested in such a manner that deviation of the recorded value faconomics, that test gases, in order to provide the required

the displayed gas reading from the true mean was to beperating accuracies as stated in R50.3 just above, needed to be

statistically insignificant. The method by which this is to be equal to or better than 1/5 of the required accuracies. That is to

accomplished is left to the discretion of the testing party, busay, that test gases for halogenated anesthetic agents had to

methods are well known, and the confidence tests of methodrave a concentration known within0.04 volumes percent of

ology are well founded in the mathematics of statistics. the stated concentration; similarly, for nitrous oxide, the test
(2) The randomness of the data displayed (often referred tgas would have to be certified to be withiril volume percent

as “noise”) is critical not only to the test methodology, but to of the claimed concentration.

the user as well. It is important not only to develop figures of

merit for this parameter, but also to establish the method by X1.10 Rationale for Table 2, Which is Part of the Descrip-
which this parameter will be measured. tion of the Procedure to Confirm Accuracy of the Anesthetic

In generaL randomness is found to occur in a Gaussiaﬁhe menu Of test gases Out”ned in Ta.ble 1 was Constructed in
(normal) distribution. The mathematics of such distributionsorder to cover the complete spectrum of possible concentra-
are well known and allow relatively simple calculations to betions of background gases (that is, oxygen or carbon dioxide, or
performed to establish the practical range of readings. As aloth) and halogenated anesthetics. It will be noted that the

example: concentrations recommended may provide for testing of sev-

68.27 % of all the readings occur within 1.0 sigma (standard deviation) gral g.ases at the same time. (FOI‘ e.xample, the third mIXture
from the mean. listed in the table can be used to calibrate an anesthetic agent

95.45 % of all the readings occur within 2.0 sigma from the mean. analyzer at 5 % carbon dioxide test point, a 65 % nitrous oxide

99.73 % of all the readings occur within +3.0 sigma from the mean.

. o . . .
99.9937 % of all the readings occur within =4.0 sigma from the mean. test pomt, and a 1 % halothane concentration test p0|nt, with

) . . the background gas being oxygen.) Five percent carbon diox-
There is a general consensus that the limit of practicalye \as chosen because it is the usual concentration of exhaled

consideration for the values of a Gaussian set is bounded Qy,hon dioxide. The values of 0.5 1. and 4 % halogenated
+3.0 sigma (99.7_3 °/.o)..W'h|Ie it is still possible for a readlng to agent are used merely to span the usual range of concentrations
occur beyond this limit, it only occurs 0.27 % of the time. o these anesthetics clinically available.

(Approximately 1 reading in 400 will be beyond this limit,

versus 1 reading in 20 far 2.0 sigma, or 1 reading in 15000  X1.11 Rationale R50.4.4: Water Saturated Gas Testing

for 4.0 sigma.) This test is run afte 1 h of simulated breathing system
(3) The fact that the deviations of readings are easilyconditions so that the anesthetic agent analyzer is exposed to

quantifiable (by calculation of the standard deviation) therfully saturated gas and the varying pressures typically seen in

allows for simple methods to be used to establish limits ofan anesthetic breathing circuit. The test is designed to demon-

clinical acceptability. strate that the anesthetic agent monitor will function well under
(4) The randomness specification for halogenated agentese two potentially interfering conditions.

states: “in addition, six standard deviations of the anesthetic

gas readings (for a given anesthetic gas level) shall be less thanX1.12 Rationale R50.5: Drift of Measurement Accuraey

or equal to 0.6 volumes percent.” The test period of 6 h, during which the anesthetic gas monitor
Six standard deviations is equivalent 163.0 sigma (and should have a limited drift in its measuring accuracy, was
shall not exceed 0.6 volumes percent). chosen because many anesthetic cases last that long and it is

This means that 68.27 % (just over 2/3) of all the readingd10t unreasonable to use a gas monitor for that period of time
occur withint 0.1 volumes percent from the mean reading;without having to re-calibrate it.

that 95.45 % (just over 19/20) of all the readings occur within . ] . .
+0.2 volumes percent from the mean reading; and that X1.13 Rationale R51.1: Control Function and Position,

99.73 % (about 399/400) of all the readings occur withid.3 Note 7—This note indicates a desirability to avoid a potential
volumes percent from the mean reading. malfunction after the user tests some function, leaves the

(5) The randomness specification for nitrous oxide states® ; L
“in addition, six standard deviations of the anesthetic gadh® monitor clinically.

readings (for a given nitrous oxide level) shall be less than or X1.14 Rationale for Clause 51.3: AlarmsThis entire

eq%al é‘? 19{'0 :j/ollérges_pte_rcent.” alentd.0 si q section has been constructed carefully to provide the following:
(6) Six standard deviations is equivalent1@.0 sigma (an a mandatory high concentration alarm, an optional low con-

shall DOt .exceed 10.0 volumes per_cent). This means thel,Ientration alarm, and operator-adjustable alarm set points for
68.27 % (just over 2/3) of all the readlr?gs. oceur W'thm%j . both high and low concentration alarms. The committee also
volumes percent from the mean readlng, _that 95.45 % (Jusfelt (Clause 51.3.4) that when the gas monitor was first turned
over 19/20) of all the read|ng§ O_CCW within3.3 VOIéJmeS on, the high concentration alarm should be a medium priority
percent from the mean readmg, and .th_at 99.73 % (abouéignal (that is, that operator response be prompt but need not be
399/400) of all the readmgs occur withiet5.0 volumes urgent). The committee was concerned with two factors when
percent from the mean reading. arriving at this conclusion:1j they wanted to avoid a prolif-
X1.9 Rationale for Clause 50.4-2After review of many  eration of high priority alarms on the anesthesia machine and
possibilities, the committee felt that it was reasonable, espen the operating room; and2f a higher-than-expected-
cially from the point of view of clinical requirements and concentration of anesthetic agent required only a prompt

ssociated control in the test position, and then attempts to use
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operator response because, in most instances, this was not the specific design strategy of the monitor.
immediate life threatening situation. (b) Alarm limit was removed as a defined term, and the

X1.15 Rationale R51.4-A great deal of effort has been specification (Clause 51.4.8) re-written to speak to alarm

expended in the discussion of alarm methodology for anegceuracy as simply the difierence between the alarm set point

et a2 moniors. A rea delof progees s b made 1 1215020 eadng ol uhih ne sl actuaton occes
resolve the underlying conflict in existing equipment design Y: P

philosophy between two “competing” alarm strategies. be theintendealarm limit.)

(1) Most digital-based monitor alarm systems now allow the (c) Accommodate the two alarm strategies within the toler-
operator to Seq[ the high and low (if rovid)éd) alarming point by21C€ of accuracy specified for the alarms. This, in effect,
P - 9 P . 9 POINBY | rifies that the most important aspect to specify is the
means of a digital display that reflects precisely the display . . . .
. S maximum acceptable difference between the displayed reading
value which will either:

(a) Cause the alarm to be activated when the anesthetic g its glgrm_ activation and the dlsplaygd reading at Wh'(.:h. _the
displayed concentration equals takarm setting; or Clinician mtende_d the alarm to be activated (the new definition
(b) Causes the alarm to be activated when the anesthetic ggfsalarm 'set.p0|r'1t.). ) )
displayed concentratiorexceedsthe alarm setting (further ~ (4) This simplification could be reached when the monitor
complicated by low alarms, as the alarm activation occurdnanufacturers realized that the practical implementation of
when the display value is incrementallgss thanthe alarm  digital monitoring systems caused very close correlation be-
setting). tween the alarm set point display and the displayed reading,
(2) Itwas decided to clarify (with terminology and a graphic thereby E'i||.OW alarm activation to Strategy B to occur one
representation) the full aspects of alarms. It was felt thaflisplay digit past the alarm setting and still be well within the
clarifying all of the aspects of the alarm systems was require@l@rm accuracy tolerance under consideration. This, then, met
to bring resolution of this complex issue (see Fig. 2). the original intent of allowing both alarm strategies to occur
(3) Thus, a number of general terms were defined andVithin the same specification.
assigned a name, and a corresponding graphic representation of5) To restate the present situation, Clause 51.4.8 specifies
these terms was generated. The ground rules were as followdte maximum difference between the alarm set points and the
(a) Define the alarm set point as the setting that relates to thdisplayed readings at which alarm activation occurs, with a
intended displayed value at which alarm activation occursmaximum allowable difference that accommodates either
This definition speaks to thatentof the clinician, rather than alarm strategy.
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