
(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization

International Bureau
(10) International Publication Number

(43) International Publication Date WO 2013/088289 Al
20 June 2013 (20.06.2013) W P O P C T

(51) International Patent Classification: KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
G01N 21/35 (2006.01) G 21/03 (2006.01) ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NL
A61B 5/08 (2006.01) G01N 21/85 (2006.01) NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU,

RW, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ,
(21) International Application Number: TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA,

PCT/IB2012/05683 1 ZM, ZW.

(22) International Filing Date: (84) Designated States (unless otherwise indicated, for every
29 November 2012 (29.1 1.2012) kind of regional protection available): ARIPO (BW, GH,

(25) Filing Language: English GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,

(26) Publication Language: English TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,

(30) Priority Data: EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, ΓΓ , LT, LU, LV,

61/576,594 16 December 201 1 (16. 12.201 1) US MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,

(71) Applicant: KONINKLIJKE PHILIPS ELECTRONICS ML, MR, NE, SN, TD, TG).
N.V. [NL/NL]; High Tech Campus 5, NL-5656 AE Eind
hoven (NL). Declarations under Rule 4.17 :

— as to applicant's entitlement to apply for and be granted a
(72) Inventor: RUSSELL, James; c/o High Tech Campus

patent (Rule 4.1 7(H))
Building 44, NL-5656 AE Eindhoven (NL).

— as to the applicant's entitlement to claim the priority of the
(74) Agents: VAN VELZEN, Maaike, M. et al; High Tech earlier application (Rule 4.1 7(in))

Campus, Building 44, NL-5656 AE Eindhoven (NL).
Published:

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM, — with international search report (Art. 21(3))

AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, — before the expiration of the time limit for amending the
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, claims and to be republished in the event of receipt of
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, amendments (Rule 48.2(h))
HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,

(54) Title: SYSTEM AND METHOD OF MONITORING COMPOSITION OF A FLOW OF BREATHABLE GAS USING A DE
TECTOR AND EMITTER POSITIONED ON THE SAME SIDE OF THE FLOW OF BREATHABLE GAS

42 L~44
40

Emitter -56
56

52- Sensor

38
Sensor

38-
50 -

46

54 34

00 16 22

00
00© FIG. 3

o (57) Abstract: A gas measurement module (16) for use with an airway adapter (22) is configured such that both an emitter (48) and
a detector (52, 54) are disposed on the same side of a sampling chamber (46) formed within the airway adapter. Optical elements
(56) that guide electromagnetic radiation from the emitter back and forth across the sampling chamber to the detector include at least

o one toric element. The at least one toric element compensates for a tilted folding mirror positioned on a side of the sampling cham
ber opposite from the emitter and the detector.



SYSTEM AND METHOD OF MONITORING COMPOSITION OF A FLOW OF
BREATHABLE GAS USING A DETECTOR AND EMITTER POSITIONED ON

THE SAME SIDE OF THE FLOW OF BREATHABLE GAS

BACKGROUND

1. Field

[01] The present disclosure pertains to a method and apparatus for monitoring

composition of a flow of breathable gas using an emitter and detector that are located on

the same side of the flow of breathable gas.

2 . Description of the Related Art

[02] There are existing systems configured to monitor composition of flows of

breathable gas being delivered to subjects. Some such systems rely on optical detection of

composition. Typically, a beam of electromagnetic radiation is transmitted through a

sample of the flow of breathable gas in question, and an optical detector on the other side

measures a one or more parameters of the electromagnetic radiation after it has passed

through the flow of breathable gas. The one or more parameters may include, for

example, an optical band edge, band transmission, or band absorption. Such arrangements

are known as non-dispersive (ND) systems.

SUMMARY

[03] Accordingly, one or more aspects of the present disclosure relate to a gas

measurement module configured to monitor composition of a flow of breathable gas

within a respiratory circuit that is in fluid communication with an airway of a subject. In

some embodiments, the gas measurement module comprises an emitter, a detector, and

optical elements. The emitter is configured to emit infrared electromagnetic radiation.

The detector is configured to generate output signals conveying information related to one

or more parameters of electromagnetic radiation that becomes incident thereon. The

optical elements are configured to guide the electromagnetic radiation emitted by the

emitter into a sampling chamber through a first side. The sampling chamber has a first



opening and a second opening, and is configured to form a flow path between the first

opening and the second opening such that the flow of breathable gas within the respiratory

circuit passes therethrough. The optical elements are configured to guide the emitted

electromagnetic radiation through the first side of the sampling chamber, across the

sampling chamber to a second side of the sampling chamber that is opposite to the first

side of the sampling chamber, back across the sampling chamber to the first side of the

sampling chamber, and onto the detector such that the output signals generated by the

detector convey information related to one or more parameters of the emitted

electromagnetic radiation that has traversed the sampling chamber and the flow of

breathable gas therein twice. At least one of the optical elements is a toric element..

[04] Yet another aspect of the present disclosure relates to a method of

monitoring composition of a flow of breathable gas within a respiratory circuit that is in

fluid communication with an airway of a subject. In some embodiments, the method

comprises emitting infrared electromagnetic radiation; guiding the electromagnetic

radiation emitted by the emitter into a sampling chamber through a first side, across the

sampling chamber to a second side of the sampling chamber that is opposite to the first

side of the sampling chamber, back across the sampling chamber to the first side of the

sampling chamber, and onto the detector, wherein the sampling chamber has a first

opening and a second opening, and is configured to form a flow path between the first

opening and the second opening such that the flow of breathable gas within the respiratory

circuit passes therethrough such that the electromagnetic radiation passes back and forth

across the flow path and the flow of breathable gas therein, and wherein the guiding is

performed in part by at least one toric optical element; and generating output signals

conveying information related to one or more parameters of the electromagnetic radiation

that has traversed the sampling chamber and the flow of breathable gas therein twice.

[05] Still another aspect of present disclosure relates to a system for monitoring

composition of a flow of breathable gas within a respiratory circuit that is in fluid

communication with an airway of a subject. In some embodiments, the system comprises

means for emitting infrared electromagnetic radiation; means for generating output signals



conveying information related to one or more parameters of electromagnetic radiation that

becomes incident thereon; and means for guiding the electromagnetic radiation emitted by

the emitter into a sampling chamber through a first side, across the sampling chamber to a

second side of the sampling chamber that is opposite to the first side of the sampling

chamber, back across the sampling chamber to the first side of the sampling chamber, and

onto the means for generating such that the output signals convey information related to

one or more parameters of electromagnetic radiation that has traversed the sampling

chamber and the flow of breathable gas twice, wherein the sampling chamber has a first

opening and a second opening, and is configured to form a flow path between the first

opening and the second opening such that the flow of breathable gas within the respiratory

circuit passes therethrough such that the electromagnetic radiation passes back and forth

across the flow path and the flow of breathable gas therein, and wherein the means for

guiding includes at least one toric optical element.

These and other objects, features, and characteristics of the present

disclosure, as well as the methods of operation and functions of the related elements of

structure and the combination of parts and economies of manufacture, will become more

apparent upon consideration of the following description and the appended claims with

reference to the accompanying drawings, all of which form a part of this specification,

wherein like reference numerals designate corresponding parts in the various figures. It is

to be expressly understood, however, that the drawings are for the purpose of illustration

and description only and are not intended as a definition of the limits of the disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

[07] FIG. 1 is a system configured to monitor composition of a flow of

breathable gas being delivered to a subject;

[08] FIG. 2 is an airway adapter and gas measurement module;

[09] FIG. 3 is a is an airway adapter and gas measurement module;

[10] FIG. 4 illustrates an optical system of a gas measurement module;

[11] FIG. 5 illustrates an optical system of a gas measurement module;

[12] FIG. 6 illustrates an optical system of a gas measurement module; and



[13] FIG. 7 illustrates a method of monitoring composition of a flow of

breathable gas being delivered to a subject.

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS

[14] As used herein, the singular form of "a", "an", and "the" include plural

references unless the context clearly dictates otherwise. As used herein, the statement that

two or more parts or components are "coupled" shall mean that the parts are joined or

operate together either directly or indirectly, i.e., through one or more intermediate parts

or components, so long as a link occurs. As used herein, "directly coupled" means that

two elements are directly in contact with each other. As used herein, "fixedly coupled" or

"fixed" means that two components are coupled so as to move as one while maintaining a

constant orientation relative to each other.

[15] As used herein, the word "unitary" means a component is created as a

single piece or unit. That is, a component that includes pieces that are created separately

and then coupled together as a unit is not a "unitary" component or body. As employed

herein, the statement that two or more parts or components "engage" one another shall

mean that the parts exert a force against one another either directly or through one or

more intermediate parts or components. As employed herein, the term "number" shall

mean one or an integer greater than one (i.e., a plurality).

[16] Directional phrases used herein, such as, for example and without

limitation, top, bottom, left, right, upper, lower, front, back, and derivatives thereof, relate

to the orientation of the elements shown in the drawings and are not limiting upon the

claims unless expressly recited therein.

[17] FIG. 1 illustrates a system 10 configured to analyze the composition of gas

within a respiratory circuit 1 from which a subject 14 may receive ventilation therapy. In

one embodiment, the respiratory circuit 12 is connected at one end to a pressure generator

configured to generate a pressurized flow of breathable gas for delivery to the airway of

subject 14 through respiratory circuit 12. However, this is not intended to be limiting. In

one embodiment, system 10 includes a gas measurement module 16.



[18] The respiratory circuit 12 includes a circuit conduit 18 and a subject

interface appliance 20. In a number of different therapeutic scenarios, an airway of subject

14 is engaged to place respiratory circuit 12 in fluid communication with the airway of

subject 14. The airway of subject 14 is engaged, and placed in fluid communication with

respiratory circuit 12, by subject interface appliance 20. The subject interface appliance

20 may engage one or more orifices of the airway of subject 14 in a sealed or unsealed

manner. Some examples of subject interface appliance 20 may include, for example, an

endotracheal tube, a nasal cannula, a tracheotomy tube, a nasal mask, a nasal/oral mask, a

full face mask, a total face mask, a partial rebreathing mask, or other interface appliances

that communicate a flow of gas with an airway of a subject. The present invention is not

limited to these examples, and contemplates implementation of any subject interface.

[19] The circuit conduit 18 is configured to convey gas toward and away from

subject interface appliance 20. By way of non- limiting example, circuit conduit 18 may

include a flexible conduit. For the purposes of this disclosure, circuit conduit 18 is not

necessarily limited to a tubular member that conveys pressurized gas flows to and/or from

subject interface appliance 20. The circuit conduit 18 may include any hollow body,

container, and/or chamber placed in fluid communication with the airway of subject 14 by

subject interface appliance 20.

[20] The circuit conduit 18 includes a dock to which gas measurement module

16 can be removably coupled. The dock is formed in some embodiments by an airway

adapter 22 included in circuit conduit 18. By way of illustration, FIG. 2 is an exploded

view of airway adapter 22 and gas measurement module 16. Airway adaptor 22 includes a

first opening 24 and a second opening 26, and is configured to form a flow path

therebetween such that the flow of breathable gas within respiratory circuit 12 is conveyed

through airway adapter 22. Airway adapter 22 can be a one-piece unit molded from

Valox polyester and/or other polymers. Airway adapter 22 has a generally

parallelepipedal center section 32 and two cylindrical end sections 28 and 30 that form

first opening 24 and second opening 26, respectively. End sections 36 and 38 are axially

aligned with center section 32.



[21] The central section 32 of airway adapter 22 provides a seat for gas

measurement module 16. An integral, U-shaped casing element 34 positively locates gas

measurement module 16 endwise of airway adapter 22 and, also, in that transverse

direction indicated by arrow 36 in FIG. 1. Arrow 36 also shows the direction in which

airway adapter 22 is displaced to assemble it to gas measurement module 16. Windows

38 are formed in the center section 32 of airway adapter 22 on a first side 40 and a second

side 42 of airway adapter 22. Windows 38 are formed from one or more materials that

are optically transmissive for infrared electromagnetic radiation. With gas measurement

module 16 assembled to airway adapter 22, these windows 38 are aligned along an optical

path that is discussed further herein. That optical path extends from first side 40 to second

side 42 transversely across the flow path formed by airway adapter 22 and the gas(es)

flowing therethrough.

[22] The gas measurement module 16 is configured to analyze the composition

of gas within respiratory circuit 12. The gas measurement module 16 includes a housing

44 that houses and/or carries optical and/or electronic components that facilitate analysis

of the composition of the gas within the sampling chamber formed by gas measurement

module 16. Specifically, gas measurement module 16 is configured to direct infrared

electromagnetic radiation across the sampling chamber of airway adapter 22 through

windows 38, to receive the infrared electromagnetic radiation, and to generate output

signals conveying information related to one or more parameters of the received

electromagnetic radiation. The one or more parameters may include one or more of

intensity, phase, flux, wavelength, and/or other parameters. These output signals can be

used to determine composition of the gas within the sampling chamber.

[23] By way of further illustration, FIG. 3 shows a schematic, sectional view of

gas measurement module 16 and airway adapter 22 connected for operation. This view

shows the sampling chamber 46 formed within airway adapter 22. As can be seen in each

of FIGS. 2 and 3, housing 44 has a "U" shaped cross-section, and encloses a emitter 48, a

detector 50, and/or other components. Two opposing legs of the "U" shaped housing 44

define opposite sides of a gap therebetween. In the leg on one side of the gap emitter 48



and detector 50 are disposed. The gas measurement module 16 also includes self-

contained electronics disposed within the housing 44 (not shown).

[24] Formed in housing 44 are a pair of windows 51 that align with windows 38

when gas measurement module 16 is docked with airway adapter 22 in the manner shown

in FIG. 3. Windows 5 1 are formed from one or more materials that are transmissive for

infrared electromagnetic radiation such that infrared electromagnetic radiation can pass

along an optical path through both windows 38 and 5 1 to travel between sampling

chamber 46 and the interior of housing 44.

[25] Emitter 48 is a radiation source that produces broadband radiation

including an "MWIR" (Mid-Wavelength InfraRed) band. Infrared radiation generally

refers to radiation occupying a band of wavelengths in the optical spectrum between

0.7µη and 300µη . "MWIR" generally refers to a mid-wavelength subset of the infrared

radiation band between 3µη and 8µη . MWIR radiation emitted by emitter 48 includes a

reference wavelength and a carbon dioxide wavelength ( EF and λ∞ 2, respectively).

Emitter 48 may operate substantially as a blackbody for at least a portion of the spectrum

(e.g., between 0.7µη and 300µη ) .

[26] Detector 50 includes two separate photosensitive sensors 52 and 54. The

basic principle of operation behind Capnometry/Capnography via detector 50 is that

infrared radiation in a band around 4.275 µη experiences increasing absorption (when

traveling a fixed-length path through a sample gas) with increasing carbon dioxide

concentration - according to a reliably repeatable relationship. By way of comparison, the

absorption of 3.681 µη infrared radiation under the same conditions is essentially

unaffected by carbon dioxide concentration.

[27] When the MWIR radiation from emitter 48 passes through the flow of

breathable gas in sampling chamber 46, infrared radiation at λ<χ 2 is attenuated according

to the concentration of carbon dioxide in the flow of breathable gas. Infrared radiation at

REF, however, is unaffected by any carbon dioxide in the body of gas, and varies only with

the intensity of the infrared radiation from emitter 48. Infrared radiation at REF is directed

to sensor 52, while infrared radiation at o2 is directed to sensor 54. Since REF and o2



are fairly close together on the black-body radiation curve, the output signals of sensors

52 and 54, which are sensitive to IR electromagnetic radiation, will be approximately

proportional to one another over small variations in source radiation intensity as long as

carbon dioxide concentration in the body of gas remains constant. By "zeroing" detector

50 with 2 (or with room air - after making appropriate compensation for residual carbon

dioxide in the atmosphere), a reference ratio between the output signal levels from sensor

52 and sensor 54 is established. Whenever the ratio between the two signals is equal to

this reference ratio, there is no carbon dioxide in sampling chamber 46. Any decrease in

the output signal of sensor 54 relative to output signal of sensor 52 indicates a

corresponding increase in the concentration of carbon dioxide in sampling chamber 46.

[28] As can be seen in FIG. 3, gas measurement module 16 further includes

optical elements 56 configured to guide electromagnetic radiation emitted by emitter 48

into sampling chamber 46 through first side 40 of sampling chamber 46. The

electromagnetic radiation passes through sampling chamber 46 to second side 42, and is

directed by optical elements 56 back toward first side 40. By guiding the electromagnetic

radiation back through sampling chamber 46 back toward first side 40, the length of the

optical path for the electromagnetic radiation through sampling chamber 46 is effectively

doubled. This will tend to enhance absorption at o2 for a given level of carbon dioxide.

This may provide various advantages over systems in which emitter 48 and detector 50 are

positioned on opposite sides of sampling chamber 46. For example, the width of sampling

chamber 46 may be reduced (e.g., to enhance form factor of airway adapter 22 and/or gas

measurement module 16), the accuracy of gas measurement module 16 may be enhanced,

and/or other advantages may be realized. As the electromagnetic radiation returns to first

side 40, optical elements 56 receive the electromagnetic radiation back within housing 44

and direct the electromagnetic radiation onto sensors 52 and 54 for detection.

[29] The configuration of gas measurement module 16 shown in FIG. 3, with

both emitter 48 and sensors 52 and 54 in the same leg of the "U-shaped" housing 44 may

have advantages over configurations in which emitter 48 is disposed in one leg of housing

44 while sensors 52 and 54 are disposed in the other leg. Such advantages include, for



example, enhanced form factor (e.g., the leg without either emitter 48 or sensors 52 and

54 can be smaller and/or removed altogether), enhanced power or temperature

management due to the proximity of emitter 48 with sensors 52 and 54, and/or other

enhancements.

[30] FIG. 4 illustrates an optical system 60 of gas measurement module 16.

Although an airway adapter is not shown in FIG. 4, windows 51 would be aligned with

corresponding windows 38 of airway adapter 22 (shown in FIGS. 1-3 and described

herein) with sampling chamber 46 being disposed therebetween. In optical system 60,

optical elements 56 include a source mirror 62, a folding mirror 64, a turning mirror 66, a

beam-splitter 68, detector mirrors 70 and 72, and/or other optical components.

[31] Source mirror 62 is configured to direct electromagnetic radiation emitted

by emitter 48 through first side 40 of the airway adapter through window 5 1 toward

window 51 at second side 42 of the airway adapter. In some embodiments, source mirror

62 is a hyperbolic mirror.

[32] Folding mirror 64 is configured to direct the emitted electromagnetic

radiation back across sampling chamber 46 from second side 42 of the airway adapter

toward first side 40 of the airway adapter such that the electromagnetic radiation passes

back through window 5 1 on first side 40 of the airway adapter. In order to reduce the

beam size of the electromagnetic radiation to a size that is manageable for detector 50,

folding mirror 64 is a focusing mirror. The optical path from folding mirror 64 toward

detector 50 is slightly transverse to the optical path from source mirror 62 to folding

mirror 64. This is so that detector 50 is not positioned between source mirror 62 and

folding mirror 64, which would tend to block some of the electromagnetic radiation

emitted by emitter 48.

[33] Turning mirror 66 is configured to direct electromagnetic radiation

received back across sampling chamber 46 from folding mirror 64, and to direct the

electromagnetic radiation onto beam-splitter 68. Turning mirror 66 maybe a focusing

mirror to further reduce the beam size of the electromagnetic radiation prior to the

electromagnetic radiation becoming incident on beam-splitter 68.



[34] Beam-splitter 68 is configured to divide the electromagnetic radiation into

two separate beams that can be directed to sensors 52 and 54. Detector mirrors 70 and 72

are configured to receive the separate beams of electromagnetic radiation from beam

splitter 68, and to direct the separate beams of electromagnetic radiation onto sensors 52

and 54, respectively. Detector mirrors 70 and 72 may be focusing mirrors to reduce beam

size prior to the electromagnetic radiation becoming incident on sensors 52 and 54. In

some embodiments, beam splitter 68 is a dichroic beam splitter.

[35] As was discussed above, the angle at which folding mirror 64 directs

electromagnetic radiation back across sampling chamber 46 enables the reflected light to

be received at first side 40 of the airway adapter without substantial overlap between

incoming and outgoing electromagnetic radiation. This enables the incoming

electromagnetic radiation to be received by turning mirror 66 without turning mirror 66

(or any other optical elements) from blocking the outgoing electromagnetic radiation.

However, the responsive to folding mirror 64 being a spherical focusing mirror, the image

of the emitted electromagnetic radiation produced by folding mirror 64 will be astigmatic.

Such an image has two different focal points in two different planes. Said differently, the

astigmatic image of a point source will have a line focus at one focal distance, a line focus

at right angle to the first at a different focal distance, and out-of-focus blur in between.

This comes about because the tilted folding mirror 64 has two apparent focal distances,

one in a plane that includes the axis of tilt, the other in a plane at right angles to the first.

[36] In order to correct for the astigmatic image caused by the tilting of folding

mirror 64, optical elements 56 include at least one toric element. A toric element is an

element having an optical surface that is a toroid section. The toric element may be, for

example, folding mirror 64 or turning mirror 66. In some embodiments, detector mirror

70 and detector mirror 72 are each toric elements that correct for the astigmatic image in

each of the beams of electromagnetic radiation created by beam-splitter 68 separately. It

will be appreciated that the description of the at least one toric element being a reflective

surface is not intended to be limiting. One or more toric lens elements may be included in

the optical path of the electromagnetic radiation between emitter 48 and sensors 52 and



54. Other mechanisms for correcting the astigmatic image may be employed. Such

mechanisms may include, for example, a block of IR transmissive material (e.g., glass or

other materials) that is tilted, a holographic mirror, a counter tilted spherical mirror and/or

other mechanisms. However, such mechanisms tend to be more bulky and/or costly than

the proposed at least one toric element.

[37] FIG. 5 illustrates a different view of a configuration of optical system 60 of

gas measurement module 16 that is similar to the one depicted in FIG. 4 . In FIG. 5,

folding mirror 64 is used in place of window 5 1 on second side 42 of sampling chamber

46. It will be appreciate that this configuration could further be extended such that folding

mirror 64 is carried by the airway adapter (e.g., airway adapter 22 shown in FIGS. 1-3),

rather than gas measurement module 16. The substitution of folding mirror 64 for either

of windows 51 and/or 38 may enhance form factor, simplify manufacture, reduce cost,

and/or provide other enhancements. As was the case with the configuration of optical

system 60 in FIG. 4, in FIG. 5 one or more of optical elements 56 are toric elements to

correct for the astigmatic image created by the tilt of folding mirror 64.

[38] FIG. 6 illustrates yet another configuration of optical system 60 of gas

measurement module 16. In this configuration, optical elements 56 do not include turning

mirror 66. Instead, electromagnetic radiation from folding mirror 64 that has gone back

and forth across sampling chamber 46 is received onto beam-splitter 68 without being

turned. In this configuration, the at least one toric element may include folding mirror 64

and/or detector mirror 70 and detector mirror 72.

[39] FIG. 7 illustrates a method 80 of monitoring composition of a flow of

breathable gas within a respiratory circuit that is in fluid communication with an airway of

a subject. The operations of method 80 presented below are intended to be illustrative. In

some embodiments, method 80 may be accomplished with one or more additional

operations not described, and/or without one or more of the operations discussed.

Additionally, the order in which the operations of method 80 are illustrated in FIG. 7 and

described below is not intended to be limiting.



[40] At an operation 80, a housing is removably coupled to a sampling chamber.

The sampling chamber has a first opening and a second opening, and is configured to form

a flow path between the first opening and the second opening such that the flow of

breathable gas within the respiratory circuit passes therethrough. The housing carries

and/or houses an emitter, a detector, and optical elements. In some embodiments, the

sampling chamber is the same as or similar to sampling chamber 46 (shown in FIGS. 1-6

and described herein) and the housing is the same as or similar to housing 44 (shown in

FIGS. 1-3 and described herein).

[41] At an operation 82, infrared radiation is emitted by the emitter. In some

embodiments, the emitter is the same as or similar to emitter 48 (shown in FIGS. 1-6 and

described herein).

[42] At an operation 84, the emitted radiation is guided through a first side of

the sampling chamber, across the sampling chamber to a second side of the sampling

chamber that is opposite to the first side of the sampling chamber, back across the

sampling chamber to the first side of the sampling chamber, and onto the detector. In

some embodiments, operation 84 is performed by the optical elements, which may be the

same as or similar to optical elements 56 (shown in FIGS. 3-6 and described herein).

[43] At an operation 86, output signals are generated by the detector that

convey information related to one or more parameters of the electromagnetic radiation

guided thereto at operation 84. Because the electromagnetic radiation has passed back

and forth through the flow of breathable gas within the sampling chamber, the output

signals may convey information related to composition of the gas within the sampling

chamber. In some embodiments, the detector is the same as or similar to detector 50

(shown in FIGS. 3-6 and described herein).

[44] In the claims, any reference signs placed between parentheses shall not be

construed as limiting the claim. The word "comprising" or "including" does not exclude

the presence of elements or steps other than those listed in a claim. In a device claim

enumerating several means, several of these means may be embodied by one and the same

item of hardware. The word "a" or "an" preceding an element does not exclude the



presence of a plurality of such elements. In any device claim enumerating several means,

several of these means may be embodied by one and the same item of hardware. The mere

fact that certain elements are recited in mutually different dependent claims does not

indicate that these elements cannot be used in combination.

Although the description provided above provides detail for the purpose of

illustration based on what is currently considered to be the most practical and preferred

embodiments, it is to be understood that such detail is solely for that purpose and that the

disclosure is not limited to the expressly disclosed embodiments, but, on the contrary, is

intended to cover modifications and equivalent arrangements that are within the spirit and

scope of the appended claims. For example, it is to be understood that the present

disclosure contemplates that, to the extent possible, one or more features of any

embodiment can be combined with one or more features of any other embodiment.



What is Claimed is:

1. A gas measurement module (16) configured to monitor composition of

a flow of breathable gas within a respiratory circuit that is in fluid communication with an

airway of a subject, the gas measurement module comprising:

an emitter (48) configured to emit infrared electromagnetic radiation;

a detector (50) configured to generate output signals conveying

information related to one or more parameters of electromagnetic radiation that becomes

incident thereon;

optical elements (56) configured to guide the electromagnetic radiation

emitted by the emitter into a sampling chamber (46) through a first side,

wherein the sampling chamber has a first opening (24) and a second

opening (26), and is configured to form a flow path between the first opening and the

second opening such that the flow of breathable gas within the respiratory circuit passes

therethrough,

wherein the optical elements are configured to guide the emitted

electromagnetic radiation through the first side of the sampling chamber, across the

sampling chamber to a second side of the sampling chamber that is opposite to the first

side of the sampling chamber, back across the sampling chamber to the first side of the

sampling chamber, and onto the detector such that the output signals generated by the

detector convey information related to one or more parameters of the emitted

electromagnetic radiation that has traversed the sampling chamber and the flow of

breathable gas therein twice, and

wherein at least one of the optical elements is a toric element.

2 . The gas measurement module of claim 1, wherein the optical elements

comprise a folding mirror disposed at or near the second side of the sampling chamber,

and wherein the folding mirror is the toric element.



3. The gas measurement module of claim 1, wherein the optical elements

comprises a turning mirror configured to receive emitted electromagnetic radiation that

has traversed the sampling chamber and the flow of breathable gas therein twice, and to

guide the received electromagnetic radiation toward the detector, and wherein the turning

mirror is the toric element.

4 . The gas measurement module of claim 1, wherein the detector

comprises two separate photosensitive sensors, wherein the optical elements further

comprise:

a beam splitter configured to receive emitted electromagnetic radiation that

has traversed the sampling chamber and the flow of breathable gas therein twice; and

two detector mirrors that receive electromagnetic radiation from the beam

splitter and direct the electromagnetic radiation onto the two separate photosensitive

sensors, and wherein the two detector mirrors are both toric elements.

5. The gas measurement module of claim 1, wherein the emitter, the

detector, and the optical elements are carried within a housing that is removably coupled

with an airway adapter forming the sampling chamber.

6. A method of monitoring composition of a flow of breathable gas within

a respiratory circuit that is in fluid communication with an airway of a subject, the method

comprising:

emitting infrared electromagnetic radiation;

guiding the electromagnetic radiation emitted by the emitter into a sampling

chamber through a first side, across the sampling chamber to a second side of the sampling

chamber that is opposite to the first side of the sampling chamber, back across the

sampling chamber to the first side of the sampling chamber, and onto the detector,

wherein the sampling chamber has a first opening and a second opening,

and is configured to form a flow path between the first opening and the second opening



such that the flow of breathable gas within the respiratory circuit passes therethrough such

that the electromagnetic radiation passes back and forth across the flow path and the flow

of breathable gas therein, and

wherein the guiding is performed in part by at least one toric optical

element; and

generating output signals conveying information related to one or more

parameters of the electromagnetic radiation that has traversed the sampling chamber and

the flow of breathable gas therein twice.

7. The method of claim 6, wherein the at least one toric optical element

comprises a folding mirror disposed at or near the second side of the sampling chamber.

8. The method of claim 6, wherein the at least one toric optical element

comprises a turning mirror configured to receive emitted electromagnetic radiation that

has traversed the sampling chamber and the flow of breathable gas therein twice, and to

guide the received electromagnetic radiation toward the detector.

9. The method of claim 6, wherein the method further comprises splitting

the electromagnetic radiation that has traversed the sampling chamber twice, wherein the

detector comprises two separate photosensitive sensors, and wherein the at least one toric

optical element comprises two detector mirrors that separately receive the split

electromagnetic radiation direct the electromagnetic radiation onto the two separate

photosensitive sensors.

10. The method of claim 6, further comprising removably coupling a

housing to the sampling chamber, wherein the housing carries an emitter that performs the

emitting operation, the detector, and the at least one toric optical element.



11. A system for monitoring composition of a flow of breathable gas

within a respiratory circuit that is in fluid communication with an airway of a subject, the

system comprising:

means (48) for emitting infrared electromagnetic radiation;

means (50) for generating output signals conveying information related to

one or more parameters of electromagnetic radiation that becomes incident thereon; and

means (56) for guiding the electromagnetic radiation emitted by the emitter

into a sampling chamber (46) through a first side, across the sampling chamber to a second

side of the sampling chamber that is opposite to the first side of the sampling chamber,

back across the sampling chamber to the first side of the sampling chamber, and onto the

means for generating such that the output signals convey information related to one or

more parameters of electromagnetic radiation that has traversed the sampling chamber and

the flow of breathable gas twice,

wherein the sampling chamber has a first opening and a second opening,

and is configured to form a flow path between the first opening and the second opening

such that the flow of breathable gas within the respiratory circuit passes therethrough such

that the electromagnetic radiation passes back and forth across the flow path and the flow

of breathable gas therein, and

wherein the means for guiding includes at least one toric optical element.

12. The system of claim 11, wherein the at least one toric optical element

comprises a folding mirror disposed at or near the second side of the sampling chamber.

13. The system of claim 11, wherein the at least one toric optical element

comprises a turning mirror configured to receive emitted electromagnetic radiation that

has traversed the sampling chamber and the flow of breathable gas therein twice, and to

guide the received electromagnetic radiation toward the means for generating.

14. The system of claim 11, further comprising means for splitting the

electromagnetic radiation that has traversed the sampling chamber twice, wherein the



means for generating comprises two separate photosensitive sensors, and wherein the at

least one toric optical element comprises two detector mirrors that separately receive the

split electromagnetic radiation direct the electromagnetic radiation onto the two separate

photosensitive sensors.

15. The system of claim 11, further comprising:

means for housing means for emitting, the means for generating, and the

means for guiding; and

means for removably coupling the means for housing to the sampling

chamber.
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