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Standard Specification for
i Minimum Performance and Safety Requirements for
Capnometers !

This standard is issued under the fixed designation F 1456; 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 carbon dioxide in a gaseous mixture has become a common practice in many

areas of clinical medicine, such as anesthesia,—+espiratery-therapy, pediatrics, respiratory care, and
I intensive care. This-draft specification establishes minimum safety and performance requirements for

capnometers based on parameters that are achievable within the limits of existing technology.

Appendix X1 contains a 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 into this—¢raft specification.

This-draft specification-references uses IEC 601-1:1988 including Amendment 1 and 2 (hereafter
referred—to—as called the General Standard) for many of the general requirements for—safety. R
Additional requirements specific to capnometers begin at Clause 60.

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

1. Scope

1.1.1 This specificationr
applies to capnometers for used with adults chlldren and neonates

1.1.2 It does not apply to qualitative devices or devices solely intended for use as cutaneous monitors.

13- Capnometers

1.1.3 It does not apply to devices intended for use in laboratory research applications or nonhuman applications.

1.1.4 This specification does not apply to capnometers intended for use with flammable anesthetic mixtures.

1.1.5 This specification does not apply to devices that-are—outside—the—scope—of-this—specification. intended for use ir

single-breath, spot-check, or noncontinuous monitoring applications.

2. Referenced Documents

2.1 The following standards contain provisions, which, through reference in-this text, specification constitute provisions of this
specification. At the time of publication of this specification, the editions indicated-were valid. current. All standards are subject
to revision, and parties-te-agreements-based on using this specification are encouraged to investigate the possibility of applyir
the most recent editions of the standards listed-below. as follows.

2.2 ASTM Standards:

1+1-TFhe-seope-givenin-Clause 1
‘ 1.1 This clause of the General Standard applles exeept—ﬂaat—l—kshaH—be—replaeed—by—H&e—fe owmg as follows

1 This specification is under the jurisdiction of ASTM Committee F-29 on Anesthetic and Respiratory Equipment and is the direct responsibilitynohi@abde29.03
en-Division-Three-en-Ventilaters-and-Ancillary-Beviees. F29.11 on Gas Monitors.

Current edition approved—Beeember—15-1992. April 10, 2001. Published—3une 1993. December 2001. Originally published as F 1456 —92. Last fioevious edi
F 1456 — 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 Conical Fittings of 15-mm and 22-mm s $Sizes

F 1463 Specification for Alarm Signals in Medical Equipment Used in Anethesia and Respiratofy Care

2.3 1SO-Standards:

156-32:1977-Gas-CytindersIEC Standards:

IEC 60079-4:1975 Electrical Apparatus fer-Medical-dse—Marking Explosive Gas Atmospheres—Part 4: Method of Test for
tdentifieation Ignition Temperatu?e

IEC 60601-1:1988 Safety ef-Centents

156-5356/1:1987-Anaesthetic—and—Respiratory-Equipment—Connectors, Part Medical Electrical Equipment—Part I: Cones

General Safety Requwements Includlnq Amendment and-Sockets

IEC 60601-1-2:1992 Medical Electrical Equipment: Collateral Requirements Electromagnetic Compatibility

2.4 |E€SO Standards:

ISO 4135:1995 Anaesthesiology—Vocabufary

1EC-65:1985-Safety-Requirements

ISO 7000-1989 Graphical Symbols ferMains-Operated-Electronic Use on Equipment-Index-and-Retated-Apparatus Synopsis

ISO 7504:1984 Gas Analysis—Vocabuldry

2.5 Other Standards:

AAMI ES-1:1993 Safe Current Limits ferHeusehold-and-Similar-Use

{EC79-3:1972Fleetrical Electromedical Appardtus

AAMI HE-48:1993 Human Factors Engineering Guidelines and Preferred Practices—fer—Explosive-Atmospheres—NPart Il
Spark-TFest-Apparatusforintrinsically-Safe-Units

1EC79-4:1975Flectrical-Apparatus—for—Explosive—Gas—-Atmoespheres—Part:—Method the Design—ef—TestFor-Ignition
Ffemperature

1EC-601-1:1988-Safety-of Medical-Electrical-Equipment—Partt—General-Safety-Requirements

1EC 801-2:1991 Electromagnetic Compatibility Devites

CGA C-9-1982 Standard Color Markings of Compressed Gas Cylinders Intended—fertndustrial-Precess—Measurement and

ContrelEquipment—Part-2:Electrostatic Diseharge-Reeuirements Medicél Use
NFPA 53M Fire Hazards in Oxygen-Enriched Atmospheres—1990 Efition

3. Termlnology

3.1
atong applies together with ISO 4135 and the followrﬁg—deﬂmtmns 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—a-w _condition that occurs when a variable that is being monitored by an alarm system equals or falls
outsigde 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-disptay-value,—value(s) whieh-indicates are set by the
carboen-diexide-reading;-at manufacturer, the device, the user—er-beyond operator which define the threshold range of the alarm
is-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-capnometerwhjiestgblish-the-alarm
set-point{syandA)-activate operator of an-alarm-when abnormal condition ir-the-carben-dioxidereading-istess than patient or
eguatto thedow-alarm-setpointiprovided, equipment that may develop into a safety hazard which requires operator awareness
or-is-eguat-to-orgreater-than-the-high-alarm-setpoint. action.

3.1.5 alarm system-a system that is intended to make the operator(s) aware of an alarm condition in the patient or equipment,
by means of its alarm signal or signals.
3.1.6 capnometera device for the measurement of carbon dioxide concentration or partial pressure-in-ventilatery gases.

3151 a gas mixture.

lauseClause 2 of the General Standard apply,

2 Annual Book of ASTM Standardgol 13.01.

3 Available from American National Standards Institute;+436-Breadway, 25 W. 43rd St., 4th Floor, New YorkN¥ 10018. 10036.
4 Association for the Advancement of Medical Instrumentation, 1110 N. Globe Rd., Suite 220, Arlington, VA 22201-4795.

° Available from Compressed Gas Association, 1235 Jefferson Davis Highway, Arlington, VA 22202.

© Available from National Fire Protection Association (NFPA), 470 Atlantic Ave., Boston, MA 02210.
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3.1.6.1 Discussior—The capnometer consists of all equipment including accessories, sensor, and sampling tubing (if a diverting
capnometer) specified by the manufacturer for the intended use of the capnometer.

3.1:67 carbon dioxide level-the concentration of carbon dioxide in gaseous mixture.

3.1:67.1 Discussior—This may be expressed in any suitable unit sueh-aspereent by volume percent, or partial pressure in kPa

34+ kilopascals or millimetres of mercury.

3.1.8 carbon dioxide reading-the measured carbon d|0X|de IeveI as mdlcated by the capnometer dlsplay

3. 1 9 default parameter (default settmq)those operatlnq parameters wrthln the devrce whrch are preset by the manufacturer
the user, or the operator, and which the device itself sets, without further intervention, when it is turned on.

3.1.10 delay time (lag time}-the time from a step function change in C&ncentration-er-partiat-pressure at the sampling site
to the achievement of 10 % of the final G@alue in the capnometer (see Fig. 1).
3.1.101 d|splay—the visual representatlve of output data.

3.1.12 hrgh—pﬁemy—atamadwertmq (sidestream) capnometean—m&rea&eﬁ—ef—dahgeﬁahd—mean ng—a capnometer that
immediate-action-on-the—part transports a portion of respiratory gases frem the o sampling site through a sampling tube to th
sensor, which is+reguired. remote from the patient.

3.1.13 interference-with-measurement-accuracyerift i toxi g
(from ISO 7504 1984) chanqeef—an—mte#eﬁng—gas—mb&ure and the carbon d+e*rde—|=ead|ng in level di sp’ray—ef—a—eerrespondmg
y-hitrogen. capnometer for a given level of concentratior
over a stated period of time, under reference condltlons that remain constant.

3.1.14 lew-prierity—atarminterference with measurement accuraan—indication—of—a—condition—that—reguires—awareness
en—the difference between the-part of carbon dioxide reading in-the-operator-but-net-necessarily action. presence and abser

of an mterferrnq qas(es)

3—1—]:6—Heﬁ-etwertmqnond|vertlnq (malnstream) capnometercapnometer that uses a sensor at the sampling srte
3.1.16 operator—(from IEC 60601- 1) person handlmq equmment

3-+A8-partial pressure—the pressure that each gas in a gas mixture would exert if it alone occupied the volume of the mixture
at the same temperature
iy ed as

3.1.18rise time—the time required to achieve a rise from 10 to 90 % of the final, @&ue in the capnometer when a step
function change in CQconcentration-or-partia-pressure occurs at the sampling site (see Fig. 1).
3.1:219 sampling site—the location at which—+espiratery ventilatory gases are diverted for measurement to a remote sensor in
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a diverting capnometer or the location of the sensor area in a non-diverting capnometer.

3.1.220 sampling tubing-the conduit for transfer efrespiratory ventilatory gases from the sampling site to the sensor in a
diverting capnometer.

3.1.231 sensor—the part of the capnometer that is sensitive to the presence of carbon dioxide.

%seﬁseﬁma-ﬂqe—p&rPeHh&senseFaHﬂﬁeh—eﬁbeﬁdﬁﬂdeﬂ&defected

3 1 22 total system response timehe sum of the delay time and the rise time (see Fig. 1).

3 26transducer

3.1.23 user—a-deviee—(from IEC 60601-1) authority responsible-fer-cenverting-the-partial-pressure-er-conecentration use and
maintenance of equipment.

3.1.24 volume percent (V/V %) of a gas-intdhe volume of a-sighat-fer-menitering-orreeerding. gas in a mixture, expressed
as a percent of the total volume.

4. RelatienshipGeneral Requirements and General Requirements for Tests

4.1 Clauses 3 and 4 of the General Standard apply, except as follows:

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

6. ldentification, Marking, and Documeniclause 6 of the General Standard applies, except as follows:

Under “clearly legible,” the first sentence shall be modified to read:

SectionOne—Generat—
* NAY FAMRYA
—1-—Seope-and-objeet *
—3—General-reqguirerments *
—4—Generalrequirementsfortests *
—F+—Pewerinput *
—9—Remeovableprotective-means{rotused)
12 SINGLE FAULT CONDITION (not used)
+3—Generat *
16—FEnelosures-and-PROTFECHVE-COVERS *
17—Separation *
8 Stective-earting it SEEﬁeﬁét Sarthingand-potentiat-equatiza
19—Contintous EEAKAGE-CURRENTS-and-PAHENT-AUXIHARY X
CURRENTS
23—Mechanical-strength *x
22—Mevingparts *
25—Expelled-parts *
28—Suspended-masses

Seetion-FHve—Protection-Against Hazardsfrom-Unwanted-erExcessive-Radiation——
Section Five—Protection Against Hazards from UnwantedWarning statements, instructional messages, or Excessive-Radiation——— —
29— X-radiatien *

Seerharbefargaﬁmarﬁeu&eﬁ—%a&eﬁa_mj-eﬂaeﬁpameie—radra- *

X

30. Alpha, beta, gamma, neutron rad|at|on drawings affixed perma-

nently and-ether-particleradiation
3t—Microwaveradiation

X X X X X
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X X

45. Pressure vessels and parts subject Ieglble to-pressure
46—Human-errers

47—Fleetrostatic-charges
48—Materials-APPHED-PARTS-R-eentact with the body of-the-PAHENT
48. Materials in APPLIED PARTS in contact an operator with a visual acuity of
the PAHENT
49— interruption_of-the-pewer-supply
49. Interruption 1.0 (corrected if necessary) from a distance of-the-pewer-stpply

*
*x
*
*x
x
x
*

Section-Eight—Aeeuracy-of Operating Data and Pretection-Against-Hazardous-Output———
Section Eight—Accurac_y 1 m at an_ambient illuminance level of 215 Ix, when viewing the information, markings, and Proteetier-AgairstHazardous————

Output
50—Aceuracy-of-operating-data{rot-tsed)

Seetion-Nine—Abnermal-Operation-and Fautt-Conditions;Environmental-Fests——
Section Nine—Abnormal Operation so forth, perpendicular to, and Fault-CenditionsEnvironmental-Fests———

52—Abnermal-eperation_and-fautt-conditions *

52. Abnormal operation including 15° above, below, left, and-fattt-eenditions *
53—Environmental-tests *

54—General %
55—ENCLOSURES-and-covers *
56—Components-and-generat-assembly *
5+—MAIN-PARTS -components-and-ayout *
59—Censtruction-ane-Hayout *

acy, may 1—Care shoul
be—used taken te—veﬂ#y—eemplﬁﬁee—wnh avoid dlrectlng—me—reqtﬂfaﬁeﬂts—e#tms—dﬂkspeemea&en—HeweveHm% event of

ith-which thc

isual acuit

Hthe size of the capnometer does not permit the complete marking as specified throughout this clause, at least the following sha
be marked on the capnometer: t
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The name of the manufacturer, a
A serial or lot or batch identifying number, and
Symbol 14 in Table D1 of the General Standard.
6.1 aa) A serial number or other lot or batch identifier.

(—49—+H—6+add—the—fetlewmg—te—&emeﬁ—t-he
6.1 bb) The words~nNot for use in breathing systems,” if applicable.
5-1n-6-1add-additional-tems—asfellows:

z3Marking-en
6.1 cc) If applicable, the-capremeter—shaltadditionalty-include-the-following:
{a)yForcapnoemeters-not words “Not for use with-inhatational-anesthetic-agents, flammable anesthetics” or a symbol.

6 1 dd) If appllcable the—phFaseinot words “Not for use with inhalation anestheﬂc—aga%slﬁ—&ppllcable

agents.”

6.1 ee) The manufacturer shall mark the device with a warning to refer the user or operator to the accompanying documents
or Symbol 14 in Table D1 of the General Standard for the expected adverse effects on the performanee—ef—the—e&pﬂemeter when
ransients,
eparation of

Note 2—It is recommended that illustrated service information be provided to include the following: instructions for preventive maintenance and
service calibration, and those adjustments that are necessary to maintain the capnometer in the correct operating condition, as well as afdescriptio
those adjustments and replacements that can be performed by the user.

6.1 ff) All operator interchangeable components of a capnometer that are flow-direction sensitive shall be durably marked with
an arrow showing the direction of gas flow.

6.1 gg) If a sampled gas inlet and outlet are provided, their presence shall be durably marked either with text, or with the
respective symbols for inlet and outlet from 1SO 7000.

6.1 hh) Packages for single-use components shall be marked with the following words: “single-use” or “single-patient use” or
the Symbol No. 1051 given in ISO 7000, or both.

6.1 ) 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—Controls and their associated markings should be visible or legible, or both, to an operator having a visual acuity (corrected, if necessary)
of at least 1.0 when the operator is located attldam in front of the capnometer 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 identified with their associated markings.

6.6 ldentification of Medical Gas Cylinders and Connections:

6.6 a) 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 of the General
Standard).

6.8.2 Instructions for Use:

6.8.2 aa) A description of the purpose and intended use of the capnometer.

6.8.2 bb) A description of the principles of operation of the capnometer.

6.8.2 cc) The mstructlons for use shall mclude the foIIowmg

ieator lights.

(&) The carbon dioxide reading range and the accuracy of measure-
ment;
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(b) In a diverting capnometer, the gas diversion flow and its_tolerance;

() The minimum sample flow at which the_device will meet specifications;

abure2 He e g
(9) The ranges of temperature, atmospheric pressure, and humidity for operation and fo
storage;

flowrate;—and

() _The interval (expressed in hours) between user/operator interventions of the water han-
dling 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 manufacturer’s specified

sation.

2+-Meehanical-Strength:
H—Therequirements-givenin-Clause 2Knpown Adverse Effects on Stated Performance asa Result-ofthe-General-Standard
are-replaced-by-the-following:

system)
electrically li
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&—Compliance-shall-be-checked-by-thetest-givenin21.7.
24-+7Methed-ef-TFest: Following:

{~vapors;{see-also Clause 60.1);
(b) Quantitative effects of interfering gases and_vapors; (see also
Clause 60.1),
mately-33-ms+{3-><D)Heng:

{sampled-gas;

(¢) Leaks or internal venting of sampled gas;

(d) Mechanical shock;

(e) Cyclic pressure up to 10 kPa (100 cmH,0);

Hh—Fhat-the-integration-to-determine-veloeity-change-extendsfrom
FRQuantitative-effects-of-barormetriepressure;
(f)_Quantitative effects of barometric pressure;

(9) Quantitative details of fluctuation in ac mains or battery voltage,
or both;
(h) Other sources of interference, if any.

and warning
al operation

(a) Calibration or verification, or both, before use and during use;
(b) Routine inspection and testing;

() Recommended methods for cleaning, disinfecting, or sterilizing,
or combination thereof, and, if applicable, any limitations on the
number of these cycles;

(d) If applicable, the recommended method for connecting the ex-
haust port of the capnometer to a gas scavenging system;

(e) If applicable, the recommended method for returning the
sampled gas to the anesthesia breathing system; and

(f) Recommended method(s) of verifying all operator-adjustable
alarm system functions.

6.8.2 dd) An illustration of the features of the capnometer, indicating the function and location of all operating controls,
adjustments, and system components necessary-fer-measurement-accuracy correct operation.

6.8.2 ee) A description of an in-service test using a recommended test-gas-as-described-in-Ctause 50.2 the calibration gas.

6.8.2 ff) A description of the correct installation of the capnometer and a description of sampling arrangements and any
connecting tubing, if applicable.

6.8.2 gg) Information concerning the disposal of the device.
6.8.2 hh) If applicable, the location of any latex-based components.

he-following:
| i e
(a) Quantitative effects of humidity or condensate;
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SECTION TWO—ENVIRONMENTAL CONDITIONS
All clauses and subclauses of this section of the General Standard apply.

SECTION THREE—PROTECTION AGAINST ELECTRICAL SHOCK HAZARDS
All clauses and subclauses of this sectimon of the General Standard apply, exeeptas-described follows:

19. Continuous Leakage Currents and Patient Auxiliary Currentse- requirements in Clause—565—and, if 19 of the
caprometerisfitted General Standard apply, with the following addition and amendment:

Clause 19.1 e), add the following:
For the purposes of this specification, the applied partfer-a-carben-diexide-tevel alarm, nondiverting capnometer is the test sensc

and for-earbon-dioxide-tevet-alarm-setpoint diverting capnometers, the sample gas inlet at the device.
19.3 The leakage current limits of AAMI ES-1 apply.

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

SECTION FIVE—PROTECTION AGAINST HAZARDS FROM UNWANTED OR EXCESSIVE RADIATION
All clauses and subclauses of this section of the General Standard apply, exeept-as-described follows:
36. Electromagnetic CompatibilityFhe requirements in Clause-534.9.
245-73Expression 36 of-ResultsExpress the—results—as—deseribed in General Standard apply, with-the—relevant-subclauses
following addition:
36.1 The requirements of IEC 601-1-2 apply.

SECTION SIX—PROTECTION AGAINST HAZARDS OF IGNITION OF FLAMMABLE ANESTHETIC
MIXTURES

All clause-51s and—+eport-any-damage-or-the-accessibility subclauses-efive parts.
26— Vibration-ane-Neise: this section of the General Standard do not apply.
26-1—Neoise-Outputif-a-caphrometeris-ineluded

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

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

43.1 To reduce the risk to patients, other-eguipment, persons, -er-the—+elevant-specification-for-that-equipmentshall apply.

26-2tH-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-r-26.3, which:
The temperature of the-A-weighted-soune-pressuretevelexceeds-60 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 under-wh 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 shal
not ignite under the oxidizing conditions present.

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

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

Note—5— i pattt icationreduces 5—To minimize operator errors and consider human facters-n-the-A-weighted
setmd—preee&re—feve%—&e—ee—d-BéAa—eﬁbelow deS|qn of capnometer controls that meritthe-manufacturer operator’s close attentier-sheute-dtate in whic
part-er-patts be arranged close to the operator’s line of sight when observing-the-eperating-range-this occurs.

26:3—Fhe-A-weighted-seund-pressure-tevelshall patient. It is also recommended that the contents of AAMI HE-48-be measure
as-follows:

26-3-HMeasuring—nstruments 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
—A-preeision-sount-HevelmeterAll clauses and subclauses-ef-TFype 1, this section of the General Standard apply, except as
speeifiedHrHECPublieation-651, follows:
51. Protection Against Hazardous Outpufhe requirements of Clause 51 of the General Standard apply with the following
additions:
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51.5 Measurement Accuracy:

51.5.1 The accuracy of the capnometer readings is determined after exposure of the sampling site to cyclic pressure changes
(see Clause 51.5.4).

51.5.2 The carbon dioxide reading shall-be-used—-Measurementsshall-be-made withrwidHin of the-A-weighted-nretwerk
use-and test gas value a4 mm Hg whichever is greater, over the-“stewmetercharacteristicsselected—Fhe-sounc-Hevel meter
full measurement range of the capnometer, corrected to one atmosphere (760 mm Hg).

Compliance shall be-calibrated checked by the test giver-naceerdance 51.5.4.

51.5.3 For capnometers with-the-manufacturer's-nstractions.

26-32TFestEnvironmenrt-Measurement waveform display capabilities, noise shaltbe-madein-afreefield-everareflecting plane
steh limited as-that-speeifiecdHn1+S0-3744. follows:

Six standard deviations of the carbon dioxide readings (over the range from 0 to 5 %) shall be less than or equal to 0.6 volume
percent.

Note 6—FhSix standard deviations is ecquivalentt8.00. This means that 99.73 % (abd8%s00) of all ryeadings occur within=3.00 (=0.6 volume
percent) from the mean reading. See rationale for details.

The may-benufacturer shall providev test methods and recsults upon request.
51.5.4 Test Methemd:
51.5.4.1 Prlnca_pHye—Carbon dioxide gas readings are determined-ata-hard;flat-surface-eutdoors, in number of carbon dioxide
gas levels spanning the carbon dioxide monitor measurement range after exposing the sampling site ten-times-te-atarge room, ol
cyclic pressure in-a-smalterreom accordance with-sufficient-seund-absorptive-materials-en-ts-walls-and ceiling.
26-3-3-Ambient-Conditions-At Fig. 2
51.5.4.2 Test GasesFest gases shaII be equal to or greater than 5 times more accdgrtte-fricrophone-positions, error) than
the—A-werghfed—seund—presswe—#evels requwed test unit accuracy Th|s is calculézﬁed)eg) times the error tolerance of the
0 W asured. essential requirement stated in Claus

51.5.2.

may be used.

a manner

ecti ace unless

se&mg—#—the—eapﬂeme%eHs—m{eﬁded—feFuse 7—Test gases—wﬁh—a—samﬁmg—%g—tmke—a—seeeﬁd—meaewement usmg the

he-axis of the
is-ehisposition,
; manufacturer
pplicatie 5 wetghted sounc
s i itte i i porates a por
greater thar
Aterfere with

addition

——— 5+/-055s —

100 +/- 10.0 cmH20

Ambient Pressure L

—pi< 1.05 {— —»{<1.0s L_

10s+/-1.0s

-

FIG. 2 Cyclic Pressure
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ated for 1

hour. Sef
onditions
single fa

g P a source
erHiren isfieeH atand single

s componen

ause 14 o

%%Pﬁ%rme—eﬁbeﬁﬂ@ed&&&dﬂ*g&arehd&eﬂmﬁed—a%&m*mber in-house production-ef-carben-dioxidelevels-spanning
the-capnometer-measurementrange.

562 2—TFestgases-ofan required test gas mixtures with aceuraey-6f0-03-%-as-determined verified-by-gravimetric other methoc
shalt-be-tused-for-these-tests.

56-2-3-Precedure—The (for example, mass spectrometry or refractometry).

51.5.4.3Gas Testing—Fhe capnometer shall be set up and calibrated in accordance with the accompanying documents anc
tested using the test-gas-mixtures-as-deseribed-in-50-24-and-50.2.5.

50-2-4-Dbry-GasTesting-Conduct-the-tests-using-the-mixtures-and-eonditions gases glven in 'Fable 1.

aH—aeeufaey—test—usmq ambient temperature af 23C. For each numerically

ambient-and-35-em—$0{(3-5-kPa),—perform ¢
displayed carbon dioxide level, verify that the-mixtures-and-conditions-given-in—Table 2.

50-3-Stability accuracy requirements of 51.5.2 are met.

51.5.5 Drift of Measurement Accuracy:

H—Fhe

51.5.5.1 The capnometer shall meet the requirements specifieeHn 50.1 51.5.2 for no less than 24 h when used in accordan
with the accompanying documenrg&{ Compliance shall be checked by the test giver-in-50.4.

50-4—Test-Methoe-Repeat 51.5.6.
51.5.6 Test Method:
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TABLE 1 DryGas Testing

Carbon Dioxide,

€omposNitirogen -

iroge Range in Percent

Femperature Hurieity

Balance 0.0

M’i*fH’Fe—N'H Carb Di ide-An-04 2 C C N it
- arbon—Diexide:20-94,2-5;5:6;

Balance 556 and16-0

23=2°C dry

Balance 5.0

MixtoreNe—2 Carbon—Diexide: 0-06,2.5:5-0,:an610:0;balance aif

Balance 10.0—batanee atf

A

TABLE 2 Gas TMixturesting Ffollr Cowmbing Useind Ga Sims—_
Acculateg-Breacy Testhing Systerm—

C;::g:fgesn —RangeNin-PereentTemperatoure )
Mixtare-No—tCarber-Dioxide:” 0 %, 2.5, 5.0, and 10.0, balance nitrogen
Mis Carben-Dide” o
Oxttre-No—t 2xygen
3F=2°C batanee 360-%
5.0 balance 30
Mixttre No—2  Carbon-Dioxide—0-0 2.5, 5.0:and-10-0balaree-air  37=2°C100 %
5.0 balance 37=2°€ 160
“ACarbelf n-dioxide-shal-be-expt fore ussed-at-amb wieth nit-pressours oxide,
37°C-sat uratsed-w nith-water-vaporgen.

51.5.6.1 With thetests—given capnometer set up, calibrated, and operated-irt 50.2 at accordance-with the end accompanying
documents, use the test gases in Table 1, at an ambient temperature-d°Z3 and sample all of the test gas mixtures at 6 h
and again at 24 h. Between the test periods allow the device to sample ambient air.

501.5.7 Rise Time Testing=-

51.5.7.1 The manufacturer shall disclose in the accompanying documents the rise time for a 10 to 90 % step function change
in concentration, when tested as describeg-in-50-6-(both-increase-and-decrease-in-concentration), and 51.5.8.

For diverting-type monitors, the manufacturer shall-also disclose the gas diversien-flowreguired to meet rate at which the device
meets the disclosed rise time.

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

501:65.8 Test Method:

&)—The

51.5.8.1 The capnometer shall be set up in accordance with the accompanying documents-and-arranged as in Fig. attached t
the appropriate test apparatus (see Figs. 3 and 4).

Connect the—earben—eheaede—agn&l—etﬁptﬁ—ef— the capnometer to a suitable recerding—tdevice—with—a—+eselution—within 1 %,

enth of device.

8 er with the
i He e e containing
appfeaﬂmatelry %—HAﬁ—ef carbon d|0X|de—|s—passed—thfeuqh gas m|xture from Table 1, cyete—the—apparatus valve(s) and record

the rise-time-is—caleutated. time. Repeat-the-above procedure,-switching-from-5-%{(VAH-carbon-diexide to air.
50-7Proecedure—Held for this gas mixture 20 times and determine-the-ambient-temperature of the average rise time.

51.5.9 Combined Gas Accuracy Testlng

51.5.9.1 The capnomete W i v W pecified shall be set up and
calibrated in accordance with the accompanylng y docurrents. G and tested ted using thera test qases given inFable2-ateast four stabl
carbon-dioxide-readings an ambient temperature o 28 C. For each numerically displayed anesthetic gas, verify-that span the
fange accuracy reqwrement&eHhe—alan%%ystenrm—&ppremrﬁdy—equﬁﬁep&byﬂﬁrymg—me carbon 51 5 2 are met.

51.6 Displays—Carbon dioxide—ev y—adjusting the
calibration-control.

50-8-Displtays—Carbon-diexide-(€9-evel displays shall be marked continuously or on operator demane-with-kPa;-V/V %,
kilopascals, percent, ermm-Hg-—Units millimetres of mercury. If the units of measure shall €an-be-marked changed-by (adjacent
te) the-display—or operator from the user-selected default units of measure, the units of measure shall be-¢disptayed-on demand.

continuously.

Note-9—=Dbisptays—shoeutd—rot 8—User-selected default units of measure may-be-ebscured-by-the-handrormaty adjusting same—as-—the control(s)
assoctated-with-the-disptay.
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UUT=Unit Under Test

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

Flowmeter
2+/-0.2 Vmin s
& oo
H room
’ uuT
Calibrated L
Test Gas
Mainstream
Sensor
power T
supply !
é Tube
Airway (preventing back flow)
_/ Adapter
Flowmeter H
2+/- 0.2 Ymin
@ —1 opento
foom
Compressed
Air
FIG. 3 Nondiverting Monitor—Rise Time Test Apparatus
?&m 3-way low dead space
valve (non-mixing),
open to room @ . power suppiy controlied
10-20% of
uuTs T = ' sidetream sampiing line as
ositive diversion rate specified by UUT
4 fow (with valve de- Tubing B manufacturer
(continuous) Y —
I ‘9"9'9‘29'1)
JAy >
Flow regulator Tubing A
(set 10 110-120% of 100% of UUT's N Diversion
UUT dversion rate) diversion rate rate of
. uuT
Calibrated
Test Gas
V:529
power
supply

Note 1: Length and inner diameter of Tubing A must be identical to that
of Tubing B
Note 2: Tubing B Is apen to room

FIG. 4 Diverting Monitor—Rise Time Test Apparatus
OutputTherequirements-given-in-Clause 51 manufacturers’ default units-ef-the-General

ed measure.

Compliance shall be checked-by-the-fellewing:
51 1-CentroHunction inspection of markings are-Pesition:

b instructions for use.

51.7 If the intended test control function is not clearly distinguishable when displayed on the capnometer, the corresponding
control(s) shall automatically return from such control function position(s). The positions of measurement and test controls shall
be clearly distinguishable.

position.

Note #09—User-operable function checks, other than “power on” for test controls, such as battery condition or signal operatier;-shotte-atitomatically
return automatically from the check, test, or override position within a period not exceeding 1 min of no operator interaction.

51.8 Alarms:

51.8.1 The requirements in Specification F 1463 apply.

51.8.2 Temporary silencing of audible alarm signals, if provided, shall not exceed 2 min. The visual alarm signals shall remain
until the alarming condition no longer exists. If permanent silencing of the audible portion is provided, the control shall require
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deliberate action on the part of the operator and shall incorporate a design feature to impede unintentional permanent alarm signal
silencing.

NoTte—tt—Attothercontrots 10—The audlble components of alarm S|gnals shetrtd—&lse—memde means be designet-topreventinadvertentehanges from
allow silencing until the—in § 5

gpwards, capnometer is placed in use (that

is, connected to the—th{—eHn patlent) to reduce nuisance alarm S|gnals

51.8.3 There shall be-aeleekwisedireetion visual indication that an audible alarm signal has been silenced. The visual indication
shalHnerease remain until the-eentrel-unction—Movement-downwards, to operator re-enables—theleft—oerir—an—anti-clockwise
direetton audible alarm signal.

51.8.4 Whenever the device is powered “ON,” the user-default alarm limits shall be applied and displayed. If alarm limits are
automatically hidden after power “ON,” they shall be displayed for at least 15 s.

If the-eentrel-function.

&Retary-gasflew-controls displayed alarm limits-are-exempt changed by the operator from thie-user-deqgfault 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.

Nori he-separation-between-controtknobs; switchestogglespinwheels-orpush-buttonssh ottt conform 11—User-selected default alarm limits

may be the same as the manufacturers default alarm I|m|ts

51.8.5 The audible indicators for all alarm signals shall reset automatically when the condition causing the alarm has cleared.

51.8.6 For inspired carbon dioxide, the capnometer shall have a high carbon dioxide alarm signal of at least medium priority.

51.8.7 For exhaled carbon dioxide, the capnometer shall have operator adjustable high and low carbon dioxide alarm signals
of at least medium priority.

51.8.8 If the capnometer has an automatic change in alarm signal priority setting, it shall change only to a higher alarm signal
priority, and only after activation of the-recommendations-given lower priority alarm signal.

51.8.9 If operator-adjustable change-ir+S©-7249 alarm signal priority is provided, it shall not allow a change to a lower priority
than specified in this specification.

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

51.8.11 All alarm signals specified in 51.8 shall be provided with a default setting;-are=+S© 7250. that default setting shall be
disclosed in the accompanying documents (see 6.8.2 cc)l)e).

51.8.12 The difference between the alarm limit and the carbon dioxide reading when the alarm signal is activated shall not
exceed 0.2 volume percent (1.4 mm Hg at 760 mm Hg barometric pressure, BTPS) carbon dioxide.

51.8.12.1 Compliance is checked by generating at least four stable carbon dioxide readings that span the range of the alarm
system in approximately equal steps by varying the carbon dioxide level delivered to the sensor, or by electrically stimulating the
sensor, or by adjusting the calibration control (if provided). For each carbon dioxide reading, adjust the alarm limit so that the alarm
signal is deactivated. Incrementally adjust the alarm limit until the alarm signal is activated, and record the carbon dioxide reading
at which the alarm signal is activated. The difference between the alarm limit and the corresponding carbon dioxide reading shall
not exceed 0.2 volume percent (1.4 mm Hg at 760 mm Hg barometric pressure, BTPS).

SECTION NINE—ABNORMAL OPERATION AND FAULT CONDITIONS
The clauses and subclauses of this section of the General Standard apply except as follows:

56. Components and General Assemb@latise 56 of the General Standard applies with the following amendment and
additions:

56.1 g):

Nor, L ; NI
Wnt%eas&ewheﬁ%&us%s—beated—mmem—eﬁhe cagnometet—aﬁd—the—rH&miﬁaneHeveHs—HE—beMaﬂqngs
should be-identified-etearty-with-their-associateg-controls.

51—3—1—1—'Fhe—aud+b|e materlals that are compatlble Wlth the qases W|th which those compeﬁents—ef—these—alatms should be are
designed to-alow
atarms.

51332 Fhereshal-be come into contact, thus minimizing health risks-as-a—visuatndicationthat-anaudible-alarm has been
sileneed.

51:3-13-Fhe-setpeints result-of-adjustable-alarms-shall-be-indicated-continuously-eren-user demand.
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TABLE 3 AiTest Concentrations of Intermfering Gases or Vapors,

% (VIV)
AlGas orm- Oplervel, %
€ Vategpory ViV)
Hator- Ateible-
4
Halothane 4
Endieators? 5
Enflurane 5
tndieator Hashing-
CeolerB Fregueney-
tHz)<
Isoflurane 5
High-priority immecdiate 5
Sevoflurane immetiate 5
Retmedivm-of red5
Desflurane 5
Ethanet +4+t0-28
Hz{F5)
Ethanol specified by
the
manufacturer
Acetone specified by
the
manufacturer
nothigh-erlow ye
priefity manufactarer
Methane specified by
the
manufacturer
Hellew 041068
Hz{Fp)
Helium 50
tort awareness 1
Tetrafluoroethane” awareness 1
(Freon 134a)
net-higher yelow eenstant-(en)
Dichlorofluromethane” yelow eonstant{enyl
(Freon 21)

“These are known propellants used with metered dose inhalers.

from the—wsual—agﬁais—speem ed cagnometeHn—51—3—3—&ﬁd—51 3 4
51—3—2—2—'Fhefe—shaH—be—a—srmtﬂtaﬁeeus—&udrb+e—rﬁd+eaﬂon of use.

56 12 1 If the

e alarm capnometer-has cleared.

51—3—3—1—'Fhe1=e—sha|4—be—a—wsu&l—rﬁd1eaﬂen of additional modes, other than-the-medium-prierity-atarm—it-shall-be-different and

distingdishable-from standard operating mode;-the-visual-signals-speeified-in-5+32-and 51.3.4.

51:3-32-Fhere current mode shallbe-asimultanesus-audible-indication-ofthe-medium-priority alarm. indicated continuously.
This-audible indication shall be-different legible.

Note 13—AAMI HE-48 Human Factors Engineering Guidelines antd-distingtishabte-from Preferred Practices for-the—atdibte—sigrats—specified in

cleared.

5—].—4—A+aﬂﬂ—eha|=aeteﬂsﬂes Medlcal Dewces
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alarm contains information concerning implementation of these

alternatlve modes.

56. 12 2 Operator-adwstable controls used—feebe%h—mspwed—&ﬁd—e*haled—e&ﬁbeﬁ—dlomde

d dioxide.
ing—alarms_calibration—shalt-be—operator-

shall be include a

51—4—9—Geﬁefate—&HeaeHetﬁs%&ble—ea*beﬁ—d1eﬁde—readmgs+hat span prevent unlntentlonal changes—frem—the—%geof the alarm
y y-stimulating the

5 i iv . = y-aditst the alarm
andi ahi i i ifference between
meters shall

he-alarming
the part

panying

6—Additienal intended position.

5. Additional Requirements Specifically Related to
Capnometers

60. Interfering Gas and Vaper-Effeets{OtherThan-Water-Vapor):

66-1—The Effects—The manufacturer shall disclose in the accompanyirg-documents-any-adverseinterference documents, known
effects on carbon dioxide gas readings (if any) caused by the-gases-and vapors given at the nd@@i#@l ¢oncentrations listed
in Table4.

60-2-Compliance 3 (see Clause 6.8.2). The manufacturer-shall-be-tested-as-follows:

60-21-Principle—The-aceuracy-of make available upon requestthe-earbon-dioxide—+eading test methods used to make such
determination.

Comgllance |s—de¥eﬁﬂ+ﬁed—m—the—pfesence checked by |nspect|on—ef—fhe—m{erfem=rg—gases—&ﬁd—v&pefs—gﬁfen—|n Table 4.

Re-the-interfering

O T c d
ibra D [ i io g ole o-the-test gas for
h€ i i e e ntad in-the ition ing the whole

due to this

(—15—Meet—fl=re—reertrrreﬁ=reﬁfs—gwen6as Leakage and Sampling Loss—The rate of leakage for a nondiverting capremeter in 50.3
both the ready-for-use ane-56-7felowing-exposture to “OFF” configuration shall not be greater than 10 mL/min-at-a-sustained
positive pressure 610 6 kPa+{100 (60 crgQj.

Compliance shall be checked by using-aregative pressure of 1.5 gage having an accuracy toG@hkiRa-(5 (6 cm LKD)
fer-30-s-or

&-Be-marked-with-the-warning—not-for-use-in-breathing-systems,” and-a-simitarwarning flow metering device having an

accuracy within=2 mL/min.
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Tests shall-appearin-the-accompanying-documents.

(3)Compliance-with-{)-shall be-checked-by-thetestgiven performee-n-61.2.

612-Compliance-shall-be-tested-asfellows:

612 Principte—The-acedracy-of both the-carbon-dioxidereading ready-for-use and OFF configuration. Assemble-the rise time
are-determined-after-exposure of capnometer so that-the-senserte-sustained-pressure.

6122 Procedure—Expose-the sampling site is installed in a dimensionally suitable port of a test apparatus containing an inlet

fitting to which a-sustained-pesitive test gas and airflow metering device are attached. Connect the-pressure-with respect gage
ambient a third port ef18=1 a test apparatus. Slowly adjust the flow to raise the pressure in the test apparatus-te-6-kPa (100
10 (60 cm HO)and-a-sustained-negative-pressure-with-respectO). Determine the flow necessary-to-ambient®2kBa(15
dhz—em—l-lze)—rn—tum—fer—ﬁet maintain this pressure This Ieakaqe flow shaII be Iess—H&aH—%—s—eaeh—Repe&t—Hms—pfeeedure fou

describec

Glau%e—’ée—é 10 mL/mln
62. Sample Gas—l:e&kage—&nd—S&mplmg—l:oss

...... i onditions.

.15 times tt

are-of 3.0 kPa (

er so that
ara a est gas anc
d-p op : wiy-adj he-flow to rais

raintad isp ise w shall be

not excet

62-5-An exhaust port shaII be provided to collect or route—qu—dwertlng diverted gas frem-the-capnometer—and-this exhaus

capnometer. This port shall be incompatible with the sample gas inlet-port of on the capnometer.

and shall not be a Luer type (1see Clause 6.8.2 cc) .

Compliance shall be checked by inspection.

63. Breathing-System-ConnectiontaMinimum Sampling Flow—A diverting capnometeris-intended shall have a means to
be-connectedo indicate when the-breathing-system flow threugh-a—F-piece;-the-breathing-system-eennection ports sampling tul
has fallen below the manufacturer’s specified minimum (see Clause 6.8.2 cc).

Compliance is checked by gradual reduction ofthe T- sample flow. Verify that device indicates when the sample flow has fallen
below the minimum specified by the manufacturer and that this value is stated in the accompanying documents . This test is t
be-a-15-er22-mm;-or-both;conicalconnector conducted with the capnometer operating in accordance-with-Specification F 1054-8
{er1S06-5356/1:1987)—The-sampling-gas—and-eutletports the accompanying documents.

64. Contamination of-a-diverting-capremeter Breathing Systethshall not be-interchangeable-with possible to reverse the
breathing-system-eonnection-port direction-ef-a-breathing-system.

Norte—t6=AnnexesAto-M-giverin flow through the-General-Standaretogetherwith-Appendix X1 sampling tube-ir-this-araft-specification, apply.

a diverting capnometer.

Compliance is checked by inspection.

5. Keywords
5.1 capnometers; performance requirements; safety requirements
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APPENDIX
(Nonmandatory Information)

X1. RATIONALE

X36-1—CapnometeRationale for Clause 1.1.3Bevices used in laboratory research applications are often experimental or
intended primarily for nonmedical uses. Imposition of the requirements of this specification on devices for research might unduly
limit development of beneficial new technigues or devices.

Rationale for Clause 6.8 Relating to Instructions for UsEie need to know the basic workings of the capnometer, its principles
of operation, and many of its detailed specifications should be self-evident. It is necessary that the user have any or all of this
information available, and that he know well any possible adverse effect on the claimed function of the monitor due to any of a
number of different conditions, for example, condensation from excess humidity, interfering gases, sensitivity to mechanical
shocks, fluctuations 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 capnometer.

Rationale for Clause 36Gapnometers are not life-support devices but are a “vigilance adjunct.” Therefore, it is acceptable if
this device fails without creating a safety hazard (that is, without affecting patient safety directly) or presenting erreresus data. The
test-voltages data.

Rationale for Clause 43Reports of-8kV fire caused by medical devices are unusual. However, when such fires occur in the
hospital environment they can have tragic consequences.

The risk of fire is fundamentally determined by the three elements which are necessary to start a fire:

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-diseharges and-3 kV 100 % oxygen environments. The minimum ignition temperature may be
critically dependent upon the concentration of the oxidant present. If ignition temperatures-foer-contaet-discharges other materials
or oxygen concentrations are required, these may be determined usirg-the+tE€-861-2:1991 network metheds-and-procedures ar
adeguate apparatus described in IEC 79-4.

In considering the ignitable materials, particular attention should be paid te-matenrials that may accurmulate during prolonged
use, for example, airborne patrticles of papetorm cotton.

The effect of sparks in environments containing oxidants is quite different from that in explosive gas mixtures. Spark endergy
is the-eenditions most potent form of energy-irwhich-capremeters-are used. 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 interyface between sparking conductors or their surroundings so that sustained burning occurs but there is at
present no documented evidence as-te-limitthe a ppower 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-aceessibleparts;sinee to allow 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-apptication requirements to minimize fire risk are based on limitatien—of charges
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-d 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
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concentration of oxidant which can ensure safety under all circumstances while not being unduly restrictive. | Ultimately, electrical
energy isreasenable only significant in respect of its ability to +aiseq the temperature of ignitable materials and this in turn depend
upon the particular configuration and the proximity of any-perser-opening ignitable materials.

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

An appropriate design might limit the electrical energy in the circuitte-exercise-both-commen sense ensure that temperature
remain below the minimum air ignition temperature under normal conditions and seal compartments or add forcepd ventilation tc
ensure that the oxygen content-d woes not exceed that of ambient airk under single-fault condition.

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

The partielular combination of material, oxidant, ane-e-ESDmperaturec determines whether a fire will occur, not a single value
of any one of these variables.

XRationale for Clause 50-1 .5Aecurate knowledge of inspired and exhaled carbon dioxide concentration provides the
clinician with information regarding the patient’'s cardiopulmonary status, function of the airway, and integrity of the breathing
circuit. Adjustments to pulmonary ventilation, blood volume, and systemic circulation are often based on values of exhaled carbor
dioxide. Recognition of unintended esophageal intubation, partial and complete airway obstruction, and rebreathing of exhale
carbon dioxide from the breathing system are often first recognized by changes in the respired carbon dioxide concentrations. F
clinicians to use capnometers routinely for enhancement of patient safety and management, there must be confidence in ti
reliability and accuracy of the displayed data from the capnometer. The accuracy requirements detailed in—Clause 50 51 ar
sufficient to meet these safety concerns.

There was concern among manufacturers that one random reading beyond the accuracy specified would be viewed as a failt
to perform the specification, and clinicians were concerned that the relatively simple accuracy specifications proposed would allov
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.

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 of readings,

for example:

68.27 % of all the readings occur within =1.0 o (standard deviation) from
the mean

95.45 % of all the readings occur within =2.0 o from the mean

99.73 % of all the readings occur within =3.0 ¢ from the mean

99.9937 % of all the readings occur within +4.0 o from the mean

There is a general consensus that the limit of practical consideration for the values of a Gaussian set is botrgled by
(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 20f#.0 ¢, or 1 reading in 15 000 for-4.0 ¢.)

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 clinical acceptability. The randomness specification for capnometers states: “in additior
six standard deviations of the carbon dioxide readings (over the range from 0 to 5 %) shall be less than or equal to 0.6 vol %.’

Six standard deviations is equivalent13.0 ¢ (and shall not exceed 0.6 volume percent). This means that 68.27 % (just over
73) of all the readings occur withirt0.1 volume percent from the mean reading; that 95.45 % (just§eerof all the readings
occur within =0.2 volume percent from the mean reading; and that 99.73 % (&#ut) of all the readings occur withirt 0.3
volume percent from the mean reading.

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.
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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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