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FACE MASK FOR GAS MONITORING DURING
SUPPLEMENTAL OXYGEN DELIVERY

TECHNICAL FIELD

[01] The present invention relates generally to gas monitoring techniques and apparatus.
More specifically, the present invention relates to a method and apparatus for monitoring
the respiratory gases of spontaneously breathing patients who are receiving supplemental

oxygen.
BACKGROUND

[02] In this specification where a document, act or item of knowledge is referred to or
discussed, this reference or discussion is not an admission that the document, act or item of
knowledge or any combination thereof was at the priority date publicly available, known to
the public, part of the common general knowledge, or known to be relevant to an attempt

to solve any problem with which this specification is concerned.

[03] Supplemental oxygen is widely used for the long-term treatment of chronically ill
patients suffering from various respiratory diseases such as Chronic Obstructive
Pulmonary Disease (COPD) and emphysema. Additionally, in emergency situations,
supplemental oxygen is administered on a short-term basis to relieve acute symptoms, such
as shortness of breath and lowered oxygen saturation. Supplemental oxygen is also
commonly administered throughout the hospital setting, such as in the operating room

during surgery and post-op, and in the intensive care units to critically ill patients.

[04] Conventional practices for administering supplemental oxygen to a patient include
nasal cannulae and face masks. The nasal cannula consists of tubing with a pair of stubs
that are situated within the nostrils of the patient and through which oxygen flows. The
nasal cannula provides more freedom of movement for the patient than other methods but
drawbacks of using the nasal cannula are well known and include unknown delivered F10,
(fraction of inspired oxygen), irritation of the nose and easy dislodgment of the cannula
from the patient's nostrils. Moreover, cannulae including a gas monitoring capability
exhibit a recognized inability to detect both oral and nasal gas exchange as well as a

tendency to dilute the measured gas.

[05] A nasal cannula design that purportedly overcomes the nasal irritation problem and

reduces the potential for easy dislodgment from the nostrils is disclosed in U.S. Patent

8221369_1.doc -1-
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6,247,470 (hereinafter “the ‘470 Patent”), issued to Ketchedjian on June 19, 2001. The
‘470 patent uses a flexible and adjustable lever arm placed with its free end adjacent the
patient’s mouth to direct oxygen toward the user’s oral and nasal cavities and to intake
exhaled CO, for monitoring purposes. Thus, the device is similar in configuration to a

telephone headset for hands-free speaking.

[06] While this device is not subject to nasal dislodgment, with its unwieldy fixation
scheme it is subject to easy spatial relocation, potentially dramatically reducing the
efficiency of the oxygen delivery. Further, a clinical study published by Bazuaye (Bazuaye
EA et al. Variability of inspired oxygen concentration with nasal cannulas. Thorax. 1992
Dec; 47(12): 1086) concludes that “‘Typical’ values of FIO; quoted with nasal cannulas
can mislead ... confirm(ing) that this mode of oxygen delivery is unsatisfactory if precise
control of inspired oxygen is desired.” Thus, while the apparatus of the ‘470 patent
provides a monitoring capability combined with oxygen delivery, its inefficient delivery in
comparison to face masks and the unenclosed gas sampling location relatively distant from

oral and nasal cavities makes this apparatus of questionable clinical utility.

[07] Oxygen delivery cannulae incorporating a sidestream CO, monitoring capability
such as the NAZORCAP™ sampler offered by NAZORCAP Medical, Inc. of West
Mifflin, Pennsylvania and further described in U.S. Patent 5,046,491, issued to Derrick on
September 10, 1991, also have a number of drawbacks. For instance, such oxygen delivery
cannulae exhibit problems with moisture and mucous plugs, switching back and forth

between oral and nasal breathing, and dilution of CO, readings with administered O,.

[08] Oxygen masks, which are simple, inexpensive to use, and not subject to easy
dislodgment, have also been employed to reliably administer oxygen levels of 40-60% O,
to the patient. Oxygen mask designs vary based upon intended use of the particular mask.
Oxygen masks include a body that is sized to seat over the nose and mouth of the patient
on whom the mask is to be placed. With conventional mask designs, oxygen is introduced

through an oxygen inlet, and expiratory gases are vented from the mask through apertures.

[09] Disadvantages of conventional oxygen mask delivery systems include wasted
oxygen because the oxygen flow continues unabated directly into the mask during
exhalation and could be more efficiently delivered to the patient. Depending upon the

mask design, the patient may not tolerate a mask for more than short periods of time.

-2
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Also, no quantitative monitoring of the end-tidal carbon dioxide is performed. Such
monitoring would allow for the diagnosis of hypercapnia, which indicates inadequate

oxygen delivery and the need for a more aggressive treatment strategy.

[10] While recent designs have addressed these disadvantages of wasted oxygen and gas
measurement separately, an apparatus providing for better titration of oxygen to the patient

would be advantageous.

[11] One design that purportedly provides enhanced efficiency of oxygen use was
recently disclosed in U.S. Patent 6,192,884, issued to Vann et al. on February 27, 2001.
The enhanced efficiency is described as relating to the administration of an oxygen bolus at

the beginning of each inhalation by a patient.

[12] A mask design with a qualitative colorimetric sensor that purportedly senses the
presence or absence of carbon dioxide and is integral and in intimate contact with the mask
housing was disclosed in U.S. Patent 5,857,460 (hereinafter “the ‘460 Patent™), issued to
Popitz et al. on January 12, 1999. However, the device of the ‘460 Patent is not positioned
in the respiratory gas stream and, as such, only assesses the presence or absence of carbon

dioxide and provides only information that is, at best, qualitative.

[13] Thus, recent designs have attempted to separately address the problems of wasted
oxygen and gas measurement. However, a design which addresses them in combination to

promote better titration of oxygen to the patient would be desirable.

[14] A type of patient sedation termed “conscious sedation” has been recognized as
advantageous for certain types of surgical and diagnostic procedures and is becoming ever
more prevalent. This sedation type induces an altered state of consciousness that can
minimize pain and discomfort through the use of pain relievers and sedatives. Patients

who receive conscious sedation are usually able to speak out and respond to verbal cues
throughout a procedure, enabling them to communicate any discomfort they experience to
the health care provider. A brief period of amnesia may subsequently erase any memory of
the procedure. Further, conscious sedation allows patients to recover quickly and resume

normal daily activities in a short period of time.

[15] Conscious sedation provides a safe and effective option for patients undergoing

minor surgical or diagnostic procedures. The number and types of procedures that can be

-3-
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performed using conscious sedation have increased significantly as a result of new
technology and state of the art pharmaceuticals. Exemplary procedures with which
conscious sedation is useful include breast biopsy, vasectomy, minor foot surgery, minor
bone fracture repair, plastic or reconstructive surgery, dental prosthetic or reconstructive
surgery, and endoscopy, such as for diagnostic studies and treatment of stomach, colon and
bladder.

[16] Non-intubated gas exchange monitoring of the sedated, conscious patient is
necessary because patients can slip into a deep sleep. However, conventional techniques

as described above afford inadequate monitoring capability to the clinician.

DISCLOSURE OF THE INVENTION

[17] The present invention provides a face mask including a gas monitoring capability
for improved patient management in combination with improved efficiency of

supplemental oxygen delivery to the patient.

[18] According to a first aspect of the invention, there is provided a face mask assembly,

comprising:

(a) a face mask sized and configured to fit over an oral region, a nasal region or

both of a user’s face, the mask having a port;

(b) a first conduit having a proximal end and a distal end, wherein the proximal

end of the first conduit is coupled to the face mask through the port;
(©) a gas sample cell defined in the first conduit;

(d) a second conduit having a proximal end and a distal end, wherein the
proximal end of the second conduit is coupled to the distal end of the first conduit
such that the face mask, the first conduit, and the second conduit are supported on
such a user during use of the face mask assembly, and wherein the distal end of the
second conduit is open to ambient atmosphere, and wherein the second conduit

comprises a reservoir defined therein; and

(e) an oxygen port defined in a wall of the second conduit and adapted to

communicate a source of oxygen with the reservoir.

-4-




2002323592 07 Dec 2005

10

15

20

25

[19]

[20]

According to a second aspect of the invention, there is provided a face mask

assembly, comprising:

(a) a face mask sized and configured to fit over an oral region, a nasal region,

or both of a patient’s face, the mask having a port;

(b) a gas measurement component having a proximal end operably coupled to

the face mask through the port; and

() an oxygen delivery housing coupled to a distal end of the gas measurement
component such that the gas measurement component and the oxygen delivery
housing are connected proximate to the face mask, wherein the oxygen delivery

housing comprises:

¢y a reservoir defined in the housing, wherein the reservoir is an

adjustable volume reservoir,
2) an oxygen delivery inlet port opening into the housing, and

3 a primary fluid flow port opening into the reservoir, wherein the
primary fluid flow port communicates the reservoir with an ambient
atmosphere such that in use, a user breathes through the gas measurement

component and the oxygen delivery housing.

According to a third aspect of the invention, there is provided a face mask

assembly, comprising:

(a) a face mask sized and configured to fit over an oral region, a nasal region,

or both of a patient’s face, the mask having a port;

(b) a gas measurement component having a proximal end operably coupled to

the face mask through the port;

(©) an oxygen delivery housing coupled to a distal end of the gas measurement
component such that the gas measurement component and the oxygen delivery
housing are connected proximate to the face mask, wherein the oxygen delivery

housing comprises:
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[21]

[22]

1) a reservoir defined in the housing,
2) an oxygen delivery inlet port opening into the housing, and

(3)  aprimary fluid flow port opening into the reservoir, wherein the
primary fluid flow port communicates the reservoir with an ambient atmosphere
such that in use, a user breathes through the gas measurement component and the

oxygen delivery housing; and

(d) a tubular adapter piece comprising a base leg and two side legs in common
communication, the tubular adapter in communication with a distal end of the gas
measurement component, a first side leg having a check valve therein oriented to
permit proximal flow and to prevent distal flow therethrough, the first side leg
having a distal end in communication with a proximal end of the oxygen delivery
housing, and a second side leg having a check valve therein oriented to permit
distal flow and to prevent proximal flow therethrough, the second side leg having a

distal end in communication with the ambient atmosphere.

According to a fourth aspect of the invention, there is provided a face mask

assembly, comprising:

(a) a face mask sized and configured to substantially conformally fit over the

oral and nasal region of a patient’s face, the mask having a port;

b) a gas measurement component having a proximal end operably coupled to

the face mask through the port and arranged as a mainstream adapter; and

(© an oxygen delivery housing in communication with a distal end of the gas
measurement component, the oxygen delivery housing defining an adjustable
volume reservoir and including an oxygen delivery inlet port opening into the

housing and a primary fluid flow port opening into the housing.

According to a fifth aspect of the invention, there is provided a face mask

assembly, comprising:

(a) a face mask sized and configured to substantially conformally fit over the

oral and nasal region of a patient’s face, the mask having a port;

-6-
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(b) a gas measurement component having a proximal end operably coupled to

the face mask through the port and arranged as a mainstream adapter;

(©) an oxygen delivery housing in communication with a distal end of the gas
measurement component, the oxygen delivery housing defining an adjustable
volume reservoir and including an oxygen delivery inlet port opening into the

housing and a primary fluid flow port opening into the housing; and

(d) a tubular adapter piece comprising a base leg and two side legs in common
communication, the tubular adapter in communication with a distal end of the gas
measurement component, a first side leg having a check valve therein oriented to
permit proximal flow and to prevent distal flow therethrough, the first side leg
having a distal end in communication with a proximal end of the oxygen delivery
housing, and a second side leg having a check valve therein oriented to permit
distal flow and to prevent proximal flow therethrough, the second side leg having a

distal end in communication with the ambient atmosphere.

[23] The face mask of the present invention is configured to direct substantially all of
the inspiratory and expiratory gas streams to and from the patient through a gas measuring
device and to efficiently deliver supplemental oxygen. As such, contrary to nasal

cannulae, the face mask allows measurement of both oral and nasal gas exchange.

[24] The supplemental oxygen delivery inlet is located so that it does not mix with the
expiratory gases prior to their measurement but is still available to enrich the gas stream
during inhalation. The avoidance of expiratory gas mixing is accomplished by locating the
oxygen delivery inlet distal to the gas measurement component in mainstream
arrangements or distal to the sampling site in the case of a sidestream arrangement. This
avoids dilution of the expiratory gases by the delivered oxygen and allows a capnograph to
accurately measure end-tidal CO, of the patient as well as other gases, including, without
limitation, O;. Measurement of O, allows better control of titrated gas as well as provides
valuable diagnostic information. A fixed or, optionally, an adjustable or expandable
corrugated hose associated with the oxygen delivery inlet provides a reservoir of oxygen
for the next inhalation. Provided the flow rate of oxygen is sufficient, the added volume of
the reservoir will not result in significant CO; rebreathing. Thus, the portion of the

inspiratory gases within this reservoir will not contain the gases from the end of exhalation

-7-
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as with conventional rebreathing systems but instead contain primarily end-expiratory gas
diluted with 100% O,.

[25] Unlike conventional oxygen delivery systems, the mask of the present invention is
imperforate and does not contain any additional apertures or valves for venting the
expiratory gases. Because one purpose of the face mask of the present invention is to
provide accurate gas monitoring, a good seal between the peripheral rim of the mask and
the patient’s face is effected to prevent dilution of the inspiratory gases by ambient gases.
Thus, the gas measuring device associated with the face mask is enabled to provide
quantitative information on the expiratory gases such as end-tidal values and respiratory

rate as well as qualitative values.

[26] The present invention contemplates that some configurations of the gas measuring
device include a flow measuring component to allow flows and volumes to be
quantitatively assessed to determine the need for additional medical care. Alternatively, a
valving scheme using a Y or T piece may be used. Appropriately oriented one-way check
valves on each limb of the Y or T piece may be used to direct gas flow through the
appropriate limb depending upon the phase (i.e., inhalation or exhalation) of the patient’s
respiratory cycle. Also, the face mask of the present invention is configured with minimal
dead space within the mask volume as placed on the patient to more accurately reflect the

patient’s carbon dioxide output, but is otherwise of conventional construction.

[27] In one embodiment of the face mask of the present invention, the oxygen reservoir
is distally located from the oxygen delivery inlet while in another embodiment the oxygen

delivery inlet is located distally from the reservoir.

[28] One significant advantage of the present invention is that it enables effective
detection of both oral and nasal gas exchange without dilution enabling, among other

capabilities, an accurate measurement of end tidal COs.

[29] Further, O, measurement combined with a flow sensor allows measurement of gas
exchanges such as CO; elimination and oxygen consumption as well as calculation of

measures such as resting energy expenditure and respiratory quotient.

[30] The present invention is particularly suitable for nonintubated gas exchange

monitoring of conscious sedation patients, although the invention is not so limited.

-8-
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[31] These and other objects, features and characteristics of the present invention, 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 invention.

BRIEF DESCRIPTION OF DRAWINGS

[32] FIG. 1A is a side view of one embodiment of the face mask assembly of the present
invention depicting a mainstream gas measurement device and one oxygen inlet delivery

arrangement;

[33] FIG. 1B is a side view of an embodiment of the face mask assembly of the present

invention similar to FIG. 1A but depicting a sidestream gas measurement device;

[34] FIG. 2 is a side view of an embodiment of the face mask assembly of the present
invention depicting an oxygen inlet delivery arrangement having a tube coupled therewith

for conveying oxygen from a source;

[35] FIG. 3 is a side view of a portion of the face mask assembly of the present
invention depicting a first variation of an oxygen delivery inlet arrangement with

adjustable volume reservoir;

[36] FIG. 4 is a side view of a portion of the face mask assembly of the present
invention depicting a second variation of an oxygen delivery arrangement with adjustable

reservoir volume;

[37] FIG. S is a side view of a portion of the face mask assembly of the present
invention similar to that of FIG. 2 having a gas measurement device and further

including a flow measurement capability; and

[38] FIG. 6is a side view of a portion of the face mask assembly of the present
invention including a gas measurement device and a Y piece distal therefrom that

comprises check valves.
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BEST MODE(S) FOR CARRYING OUT THE INVENTION

[39] The present invention is directed to a face mask including a gas monitoring
capability for improved patient management in combination with improved efficiency of
supplemental oxygen delivery to a patient. The particular embodiments described herein
are intended in all respects to be illustrative rather than restrictive. Alternative
embodiments will become apparent to those of ordinary skill in the art to which the present

invention pertains without departing from its scope.

[40] Referring to the figures in general, and initially to FIGs. 1A, 1B, and 2 in particular,
an exemplary embodiment of the face mask assembly according to the present invention is
illustrated and denoted generally by reference numeral 10. The illustrated face mask
assembly 10 comprises a face mask 12 having a sheath or shell 14 defining a chamber C
therein bounded by a flexible, compliant peripheral rim 16 for sealing against the face of a

patient.

[41] Face mask 12 further comprises a port 18 by which face mask 12 is operably
coupled to the proximal end of a gas measurement component in the form of gas sample
cell 20. Gas sample cell 20 may be configured as part of a mainstream airway adapter

(FIG. 1A) as shown, or as a sidestream sampling adapter (FIG. 1B).

[42] Additionally, gas sample cell 20 may be combined with, or optionally include, a
flow measurement component 42 as shown in FIG. 5 and further described with respect
thereto. As shown by arrow 22 of FIG. 1A, a removable mainstream gas sensor 24 may be
placed over gas sample cell 20 to optically sense through opposed aligned windows 26,
one or more constituents of respiratory gas flowing through gas sample cell 20. Though
not shown, a gas sensor also may be placed over a sidestream sample cell, such as that
depicted in FIG. 1B. One suitable CO, gas sensor is the CAPNOSTAT brand of infrared
(IR) sensor offered by Respironics Novametrix of Wallingford, Connecticut. The proximal
end of an oxygen delivery chamber 30 is operably coupled to the distal end of the gas
sample cell 20.

[43] An oxygen delivery housing 30 defines a reservoir 32 having open proximal and

distal ends 34 and 36 by which oxygen delivery housing 30 is respectively operably

coupled to the distal end of gas sample cell 20 and open to the ambient atmosphere. An

oxygen delivery inlet port 38 is defined by a nipple 40 (FIGs. 1A and 1B) opening into
-10-
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reservoir 32 from the midsection of housing 30 and to which a tube 46 (FIG. 2) for
conveying oxygen from a source may be coupled. Reservoir 32 may be of fixed volume,
as shown in FIGs. 1A and 1B, or variable volume as depicted and discussed hereinafter in
more detail with respect to FIGs. 3 and 4. A flexible strap 48 may be coupled to face mask
12 by strap apertures (see FIG. 2). Alternatively, other means as known in the art may be
used to secure face mask 12 in substantial sealing engagement by peripheral rim 16 with

the face of the patient, such as providing an adhesive about peripheral rim 16.

[44] FIGs. 3 and 4 show a portion of face mask 12 with gas sample cell 20 and
variations of the oxygen delivery inlet arrangement of FIG 1. In the variation of FIG. 3,
oxygen delivery inlet port 38 and nipple 40 are near a distal end 136 of the length of an
adjustable volume oxygen delivery housing 130 defining a variable or adjustable volume
reservoir 132. Adjustable volume oxygen delivery housing 130 may be, for example, a
corrugated length of tubing or a telescoping tube. In either instance the volume of

reservoir 132 is adjustable.

[45] Inthe variation of FIG. 4, on the other hand, the oxygen delivery inlet port 38 and
nipple 40 are placed near a proximal end 134 of adjustable volume oxygen delivery
housing 130. The variation of FIG. 4 is currently preferred because this approach provides
a more effective storage capability for the delivered O2 and washout of end-expiratory gas

by placing reservoir 132 distally of oxygen delivery port 38 and nipple 40.

[46] The embodiment in FIG. 5 shows a configuration similar to that of FIG. 4, but
wherein a gas sample cell 20 is combined with a differential pressure type flow
measurement component 42 similar to those disclosed and claimed in U.S. Patent No.
5,879,660 (1998) to Kofoed, et al. to form a combined gas and flow measurement
component 44, Of course, a discrete gas sample cell may be combined with a discrete flow
measurement component in a combined gas and flow measurement assembly. Further,
flow measurement may be effected by any technique known in the art, and is not limited to

differential pressure measurement.

[47]) FIG. 5 depicts the oxygen delivery inlet port 38 and nipple 40 placed near proximal
end 134 of adjustable volume oxygen delivery housing 130. However, it will be
understood and appreciated by those of ordinary skill in the art that oxygen delivery inlet
port 38 and nipple 40 may be positioned near distal end 136 of the length of adjustable

-11 -
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volume oxygen delivery housing 130 in an embodiment similar to the depiction of such

elements in FIG. 3. Such variation is contemplated to be within the scope hereof.

[48] If desired, an O, mainstream sensor (not shown) may be combined with a flow
measurement component 42. An O, mainstream sensor, when combined in this manner,

may provide more accurate O, administration.

[49] FIG. 6 shows a gas sample cell 20 operably coupled to a base 52 of a Y-adapter 50.
Y-adapter 50 has two side legs 54 and 56, within which oppositely oriented uni-directional
check valves 58a and 58b are respectively located so as to appropriately direct the gas
flow. Leg 54 is operably coupled to an adjustable volume oxygen delivery housing 130
having oxygen delivery inlet port 38 and nipple 40 at the proximal end thereof. Check
valve 58a is oriented to permit proximal flow of ambient atmospheric gas and
supplemental oxygen to the patient and prevent distal flow of exhaled gases, while check
valve 58b in leg 56 is oriented to block proximal flow of ambient atmospheric gas and
permit distal flow of exhaled gases. It is also contemplated that adapter 50 may be

configured as a T instead of a Y.

[50] As shown in FIGs. 3 through 6, oxygen delivery inlet port 38 with nipple 40 may
be configured as opening into a collar 138 at one end of oxygen delivery housing 130.
Thus, as oxygen delivery housing 130 is reversed distally to proximally to form the
configurations of FIGs. 3 and 4. Collar 138 may be coupled to a gas measurement

component or be at a distal, open end of the face mask assembly 10.

[51] Inoperation, the face mask of the present invention traps CO, upon exhalation
(whether oral, nasal or combined) and pressure forces it out of the mask. Upon inhalation,
ambient air is easily entrained into the face mask. This bi-directional gas exchange allows
the attached gas (CO,) sensor (FIG. 1) to easily track the patient’s capnogram while
avoiding problems attendant to sampling systems. Heat from the gas sensor substantially
reduces the condensation in the gas sample cell. Further, the presence of the reservoir in
the face mask of the present invention proximate the location of oxygen delivery reduces
the amount of oxygen which might be wasted (not inspired by the patient) and provides it

for the next inspiration.

[52] While the face mask assembly of the present invention has been described in detail

for the purpose of illustration based on what is currently considered to be the most
-12-
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practical and preferred embodiments, it is to be understood that such detail is solely for that
purpose and that the invention is not limited to the 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.

[53] The word ‘comprising’ and forms of the word ‘comprising’ as used in this
description and in the claims does not limit the invention claimed to exclude any variants

or additions.

-13-
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What is Claimed is:
1 A face mask assembly comprising:

(@)  aface mask sized and configured to fit over an oral region, a nasal region or

both of a user’s face, the mask having a port;

(b)  afirst conduit having a proximal end and a distal end, wherein the proximal

end of the first conduit is coupled to the face mask through the port;
(©) a gas sample cell defined in the first conduit;

(d)  asecond conduit having a proximal end and a distal end, wherein the
proximal end of the second conduit is coupled to the distal end of the first
conduit such that the face mask, the first conduit, and the second conduit are
supported on such a user during use of the face mask assembly, and wherein
the distal end of the second conduit is open to ambient atmosphere, and

wherein the second conduit comprises a reservoir defined therein; and

(e) an oxygen port defined in a wall of the second conduit and adapted to

communicate a source of oxygen with the reservoir.

2 The face mask assembly of claim 1, wherein the first conduit further comprises a

gas sensor cooperatively coupled to the gas sample cell.

3 The face mask assembly of claim 1, wherein the reservoir is a fixed volume
reservoir.
4 The face mask assembly of claim 3, wherein the oxygen port is located

substantially medially along a length of the second conduit.

5 The face mask assembly of claim 3, wherein the oxygen port is located relatively

proximally along a length of the second conduit.

6 The face mask assembly of claim 3, wherein the oxygen port is located relatively

distally from the face mask along a length of the second conduit.
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A face mask assembly comprising:

(a)

(b)

(©)

a face mask sized and configured to fit over an oral region, a nasal region, or

both of a patient’s face, the mask having a port;

a gas measurement component having a proximal end operably coupled to

the face mask through the port; and

an oxygen delivery housing coupled to a distal end of the gas measurement
component such that the gas measurement component and the oxygen
delivery housing are connected proximate to the face mask, wherein the

oxygen delivery housing comprises:

(1)  areservoir defined in the housing, wherein the reservoir is an

adjustable volume reservoir,
(2)  an oxygen delivery inlet port opening into the housing, and

(3)  aprimary fluid flow port opening into the reservoir, wherein the
primary fluid flow port communicates the reservoir with an ambient
atmosphere such that in use, a user breathes through the gas

measurement component and the oxygen delivery housing.

The face mask assembly of claim 7 wherein the oxygen delivery inlet port is

located medially along a length of the oxygen delivery housing.

The face mask assembly of claim 7 wherein the oxygen delivery inlet port is

located relatively proximally along a length of the oxygen delivery housing.

The face mask assembly of claim 7 wherein the oxygen delivery inlet port is

located relatively distally along a length of the oxygen delivery housing.

The face mask assembly of claim 1 further comprising a flow measurement

component interposed between the face mask and the second conduit.

The face mask assembly of claim 11 wherein the gas sample cell is integral with

the flow measurement component.

A face mask assembly comprising:

(2)

a face mask sized and configured to fit over an oral region, a nasal region, or

both of a patient’s face, the mask having a port;
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(d)

a gas measurement component having a proximal end operably coupled to

the face mask through the port;

an oxygen delivery housing coupled to a distal end of the gas measurement
component such that the gas measurement component and the oxygen

delivery housing are connected proximate to the face mask, wherein the

oxygen delivery housing comprises:
¢)) a reservoir defined in the housing,
2) an oxygen delivery inlet port opening into the housing, and

(3)  aprimary fluid flow port opening into the reservoir, wherein the
primary fluid flow port communicates the reservoir with an ambient
atmosphere such that in use, a user breathes through the gas

measurement component and the oxygen delivery housing; and

a tubular adapter piece comprising a base leg and two side legs in common
communication, the tubular adapter in communication with a distal end of
the gas measurement component, a first side leg having a check valve
therein oriented to permit proximal flow and to prevent distal flow
therethrough, the first side leg having a distal end in communication with a
proximal end of the oxygen delivery housing, and a second side leg having a
check valve therein oriented to permit distal flow and to prevent proximal
flow therethrough, the second side leg having a distal end in communication

with the ambient atmosphere.

The face mask assembly of claim 13 wherein the tubular adapter piece is

configured as at least one ofa Yand a T.

The face mask assembly of claim 1 further including structure for securing the face

mask over the oral and nasal region of the patient’s face.

A face mask assembly comprising:

(2)

(b)

a face mask sized and configured to substantially conformally fit over the

oral and nasal region of a patient’s face, the mask having a port;

a gas measurement component having a proximal end operably coupled to

the face mask through the port and arranged as a mainstream adapter; and
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an oxygen delivery housing in communication with a distal end of the gas
measurement component, the oxygen delivery housing defining an
adjustable volume reservoir and including an oxygen delivery inlet port
opening into the housing and a primary fluid flow port opening into the

housing.

A face mask assembly comprising:

(2)

(b)

(©)

(d)

a face mask sized and configured to substantially conformally fit over the

oral and nasal region of a patient’s face, the mask having a port;

a gas measurement component having a proximal end operably coupled to

the face mask through the port and arranged as a mainstream adapter;

an oxygen delivery housing in communication with a distal end of the gas
measurement component, the oxygen delivery housing defining an
adjustable volume reservoir and including an oxygen delivery inlet port
opening into the housing and a primary fluid flow port opening into the

housing; and

a tubular adapter piece comprising a base leg and two side legs in common
communication, the tubular adapter in communication with a distal end of
the gas measurement component, a first side leg having a check valve
therein oriented to permit proximal flow and to prevent distal flow
therethrough, the first side leg having a distal end in communication with a
proximal end of the oxygen delivery housing, and a second side leg having a
check valve therein oriented to permit distal flow and to prevent proximal
flow therethrough, the second side leg having a distal end in communication

with the ambient atmosphere.

Respironics Inc 7 December 2005
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