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BAG AND VALVE FOR ADVANCED RESPIRATORY SUPPORT

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application is being filed on November 30, 2021, as a PCT International
Patent Application and claims the benefit of, and priority to, U.S. Non-Provisional
Patent Application Serial No. 17/537,169, filed November 29, 2021, and U.S.
Provisional Patent Application Serial No. 63/251,373, filed October 1, 2021, the entire

disclosures of which are hereby incorporated by reference in their entirety.

TECHNICAL FIELD
[0002] The present disclosure relates generally to a bag-valve-mask or resuscitator

used to ventilate patients in a field setting.

BACKGROUND
[0003] A manual resuscitator, or a bag-valve-mask (BVM), is a device used to
temporarily push air into the lungs of a patient who is unconscious or otherwise
unable to breathe on their own. These devices are found in hospitals and in
ambulances throughout the country and in most developed parts of the world.
[0004] BVMs have existed for many years. Numerous modifications and
enhancements have been made to BVMs over the years, these include enhanced 2-
way valves, the addition of a high-pressure relieving “pop-off” valve, and the
attachment of an oxygen reservoir to the bag to increase the percent of oxygen
content of air flowing into the self-inflating bag portion of the device.
[0005] Self-inflating or self-expanding bags are bulky. They typically hold over a
liter of air (in an adult model) even when not in use. Two-way valves are also bulky,
and make use of a rigid plastic construct that is most commonly shaped in a 90-degree
angle. The mask is similarly bulky and typically employs a rigid plastic triangular-
shaped device with a soft rubber balloon about a perimeter that interfaces with and
forms a seal around the mouth and nose of a victim. Each of these components is
bulky in its own right and together, these form a device that is too large and obtuse to

be carried in public by individuals who are trained to use them. Thus, when an
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emergency arises in most non-clinical settings, a BVM is not typically available until
after an ambulance has arrived.

[0006] Efforts have been made in the past to reduce the overall space occupied by
these devices. This includes an entirely collapsible bag with a flexible hollow body that
can be stowed into a container. In attempts to make the device smaller, thinner
materials have been used. This results in bag-valve-masks that are suitable for one-
time use, due to the device losing functionality after its use. Therefore, BVMs are
typically only available in a hospital setting or similar clinical location.

[0007] In addition to their bulk, traditional BVMs are prone to cause
hyperventilation. A condition in which a patient is given too much air. This can result
in death. Traditional BVMs cause hyperventilation because they inflate too rapidly,
leading lifesavers to give breaths more frequently than is recommended.

[0008] Finally, traditional BVMs are only capable of delivering a fixed tidal volume
with or without a fixed pressure relief point depending on the size of the BVM (adult,

pediatric, or neonatal).

SUMMARY
[0009] In general terms, this disclosure is directed towards a respiratory device
having an expandable bag with a valve housing and a patient breathing interface. The
respiratory device allows a user to provide respiratory support to a patient.
[0010] In certain aspects the present disclosure is directed to a respiratory device
is includes an expandable bag and a rigid valve housing. The expandable bag has an
air inlet valve as well as a first and second sides that are bounded, respectively, by first
and second rigid side panels. Each of the first and second rigid side panels includes a
biasing member projection. The rigid valve housing is in fluid communication with the
expandable bag. The rigid valve housing includes an adjustable tidal volume control
device that interfaces with the biasing member projection of each of the first and
second rigid side panels to set one of a plurality of predetermined tidal volumes for
the expandable bag in an uncompressed or compressed configuration. The rigid valve
housing additionally includes a patient breather interface connection member that is

couplable.
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[0011] In certain aspects, the adjustable tidal volume control presents a first
surface of varying depth and an opposing second surface of corresponding varying
depth to respectively interface with the biasing member projection of each of the first
and second rigid side panels to set one of a plurality of predetermined tidal volumes.
In certain aspects the adjustable tidal volume control is mounted to a body portion of
the rigid valve housing.

[0012] In certain aspects, the respiratory device additionally includes an adjustable
Peak Inspiratory Pressure (PIP) mechanism that is maintained within the body portion
and an adjustable PIP control device that is independently mounted to the body
portion. The adjustable PIP control device adjusts the PIP mechanism to provide one
of a plurality predetermined peak inspiratory pressure values.

[0013] In certain aspects, the respiratory device additionally or alternatively
includes a two-way valve maintained within the body portion of the rigid valve
housing that allows air to move from the expandable bag in first direction through a
first portion of the two-way valve and that directs an in an opposing direction through
a second portion of the two-way valve to create Positive End Expiratory Pressure
(PEEP).

[0014] In certain aspects, the adjustable tidal volume control device is labeled with
indicia that corresponds to established standards used to determine volumes of air
needed for a patient based on the length, weight, and/or age. In certain aspects, the
adjustable PIP control device is labeled with indicia that corresponds to established
PIP standards.

[0015] In certain aspects, the respiratory device further includes first and second
hinge pins that hingedly secure the first and second rigid side panels, respectively, to
the rigid valve housing. In certain aspects, the biasing member projection of each of
the first and second rigid side panels is positioned forward of the respective hinge pin.
[0016] In certain aspects, each of the first and second rigid side panels includes an
expandable bag distortion prevent feature comprising at least one of: (a) contoured
edges; and (b) tabs. In certain aspects, each of the first and second rigid side panels
includes a stop feature that prevents over-compression of the respiratory device. The
stop feature comprises at least one of : (a) a projecting external stop that interfaces with a
ring positioned about the rigid valve housing; (b) an internal stop extending from an
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interior surface of the respective rigid side panel, the internal stop of the first and second
rigid side panel opposing one another and contacting one another upon full compression
of the respiratory device; (c) a contour edge extending outward from an upper and/or
lower surface of the respective rigid side panel, the contour edge of the first and second
rigid side panel opposing one another and contacting one another upon full compression
of the respiratory device; and (d) a tab extending outward from an upper and/or lower
surface of the respective rigid side panel, a portion of the tab of a respective one of the
rigid side panels interfacing with a portion of the other of the rigid side panels.

[0017] In certain aspects, the respiratory device additionally includes a
compressed gas inlet port in fluid communication with the expandable bag. In certain
aspects, the respiratory device includes an inflation adjustment dial to adjust a size of
an aperture through which a compressed gas and/or ambient air communicates with
the expandable bag. In certain aspects, the respiratory device additionally includes an
exhaust valve and a blocking cap; the blocking cap is moveable between a position
where the exhaust valve is blocked and a position where the exhaust valve is
unblocked. In certain aspects, the respiratory device provides Continuous Positive
Airway Pressure (CPAP) upon both: (a) compressed gas being supplied to the
respiratory device via the compressed gas inlet port; and (b) the adjustable PEEP
control device being engaged.

[0018] In certain aspects, each of the first and second rigid side panels includes a
textured ergonomic recess for single-handed operation of the respiratory device.
[0019] In certain aspects, the respiratory device further includes a filter body
secured to the rigid valve housing with the filter body including a bio/viral filter that
filters patient exhalations exiting the respiratory device. In certain aspects, the filter
body is secured to at least one of: (a) the rigid valve housing; and (b) the PEEP control
device. In certain aspects, the filter body includes an exhalation port that is couplable
to an end-tidal CO, monitor. In certain aspects the bio/viral filter generates its own
PEEP. In certain aspects, the respiratory device includes a seal intermediate the main
body of the rigid valve housing and the adjustable PEEP control device.

[0020] In certain aspects, the respiratory device further includes a removable PEEP
lock that is removably secured to the main body of the rigid valve housing. The PEEP

lock maintains a PEEP of zero and prevents adjustment of the PEEP control device.
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[0021] In certain aspects, the present disclosure is directed to a valve housing
portion for use in providing respiratory support to a patient. The valve housing
portion includes a body portion that is connectable to a patient breathing interface as
well as an adjustable PIP mechanism within the body portion and a two-way valve
within the body portion that allows air to move from the expandable bag in a first
direction through a first portion of the two-way valve and that directs in an opposing
direction through a second portion of the two-way valve to create PEEP. The valve
housing portion additionally includes a first, second, and third adjustable control
devices. The first adjustable control device is mounted to the body portion and
adjusts the PIP mechanism to provide one of a plurality of predetermined peak
inspiratory pressures. The second adjustable control device is mounted to the body
portion and adjusts a tidal volume of the expandable bag to provide a predetermined
tidal volume. The third adjustable control device is mounted to the body portion and
adjust the two-way valve to provide a predetermined PEEP. The first, second, and
third adjustable control devices are mounted independently of one another.

[0022] In certain aspects, the valve housing portion additionally includes a filter
body that is secured to the valve housing. In certain aspects the filter body includes a
bio/viral filter that filters patient exhalations. In certain aspects, the filter body
includes an exhalation port that is couplable to an end-tidal CO; monitor.

[0023] In certain aspects, the first adjustable control device is labeled with indicia
that corresponds to established PIP standards. In certain aspects the second
adjustable control device is labeled with indicia that corresponds to established
standards used to determine volumes of air needed for a patient based on their
length, weight, and/or age.

[0024] In certain aspects, the second adjustable control device includes two
identical sets of a plurality of cogs of varying depth that provide the adjustment of the
second adjustable control device. In certain aspects, the second adjustable control
device includes two identical ramped surfaces of varying depth that provide the adjust
of the second adjustable control device.

[0025] In certain aspects, the valve housing portion additionally includes a

removable PEEP lock that is removably secured to the body portion of the valve
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housing portion; the PEEP lock maintains a PEEP of zero and prevents adjustment of
the third adjustable control device.

[0026] In certain aspects, the valve housing portion additionally include a single
control device indicator to indicate a set position of both the first adjustable control

device and the second adjustable control device.

BRIEF DESCRIPTION OF THE DRAWINGS
[0027] The inventive aspects of the present disclosure can be more easily
understood, and further advantages and uses thereof can be more readily apparent,
when considered in view of the detailed description and the following figures in
which:
[0028] FIG. 1illustrates an example embodiment of an expandable bag having
features that are examples of inventive aspects in accordance with the present
disclosure.
[0029] FIG. 2 illustrates a perspective view of the back side of the expandable bag
of FIG. 1.
[0030] FIG. 3 illustrates a first side view of the expandable bag.
[0031] FIG. 4 illustrates a second side view of the expandable bag.
[0032] FIG. 5illustrates a vertical cross-sectional view of the expandable bag of
FIG. 1.
[0033] FIG. 6 illustrates a third side view of the expandable bag.
[0034] FIG. 7 illustrates a fourth side view of the expandable bag.
[0035] FIG. 8 illustrates a top view of the expandable bag.
[0036] FIG. 9 illustrates a bottom view of the expandable bag.
[0037] FIG. 10 illustrates a horizontal cross-sectional view of the expandable bag.
[0038] FIG. 11 illustrates a top view of the expandable bag in an expanded
configuration.
[0039] FIG. 12 illustrates a bottom view of the expandable bag in an expanded
configuration.
[0040] FIG. 13 illustrates a cross-sectional view of the two-way valve portion.
[0041] FIG. 14 illustrates a cross-sectional view of another embodiment of the

two-way valve portion.
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[0042] FIG. 15 illustrates a cross-sectional view of another embodiment of the
two-way valve portion.

[0043] FIG. 16 illustrates a cross-sectional view of another embodiment of the
two-way valve portion.

[0044] FIG. 17 illustrates a top cross-section view of the barrel-valve embodiment
of the integrated PEEP valve.

[0045] FIG. 18 illustrates a perspective view of an over breathing valve.

[0046] FIG. 19 illustrates an alternative view of a groove and track embodiment of
an integrated PEEP valve.

[0047] FIG. 20 illustrates an alternative embodiment of a PEEP controller.

[0048] FIG. 21 shows the expandable bag device including an expandable bag.
[0049] FIG. 22 illustrates a rear view of the expandable bag device.

[0050] FIG. 23 illustrates an example embodiment of the valve housing member.
[0051] FIG. 24 illustrates a top view of the expandable bag device in an expanded
configuration.

[0052] FIG. 25 illustrates an alternative side view of the expandable bag device.
[0053] FIG. 26 shows another side view of the expandable bag device.

[0054] FIG. 27 illustrates a bottom view of the expandable bag in an expanded
configuration.

[0055] FIG. 28 shows another view of the expandable bag device.

[0056] FIG. 29 illustrates an isolated view of the valve housing member.

[0057] FIG. 30 illustrates a cutaway view of the valve housing member.

[0058] FIG. 31 illustrates a view of the valve housing member highlighting the PIP
override tab.

[0059] FIG. 32 illustrates a cutaway view of the valve housing member.

[0060] FIG. 33 illustrates a partial cutaway view of the valve housing member.
[0061] FIG. 34 shows the location of the PIP override tab when viewed through
the valve housing member.

[0062] FIG. 35 illustrates an exploded view of the valve housing member.

[0063] FIG. 36 shows the expandable bag device with the expandable bagin an
expanded configuration.

[0064] FIG. 37 illustrates a cutout side view of the air intake mechanism.
7
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[0065] FIG. 38 illustrates a top view of the expandable bag device in a compressed
configuration.

[0066] FIG. 39 illustrates a partial cutaway view of the valve housing member.
[0067] FIG. 40 illustrates an exploded view of the air intake mechanism.

[0068] FIG. 41 illustrates a bottom view of the valve connection member.

[0069] FIG. 42 illustrates a view of the expandable bag in an expanded
configuration.

[0070] FIG. 43 illustrates an embodiment of the air intake mechanism with the
slide in a first position.

[0071] FIG. 44 illustrates an embodiment of the air intake mechanism with the
slide in a second position.

[0072] FIG. 45 illustrates an embodiment of the air intake mechanism with the
slide in a third position.

[0073] FIGS. 46A-46C illustrate a perspective view of an alternative embodiment
of an expandable bag device, a close-up perspective view of a tidal volume control
device usable with the expandable bag device of FIG. 46A, and an alternative
embodiment of a tidal volume control device usable with the expandable bag device
of FIG. 46A, respectively.

[0074] FIG. 47 illustrates a bottom perspective view of a filter body coupled to the
expandable bag device of FIG. 46A.

[0075] FIG. 48 illustrates a side perspective view of the filter body coupled to the
expandable bag device of FIG. 46A.

[0076] FIG. 49A illustrates a cross-sectional view of the filter body coupled to the
expandable bag device of FIG. 46A and FIG. 49B illustrates the same cross-sectional
view including a sealing feature.

[0077] FIGS. 50A-50C illustrate an exploded view, an assembled view and a cross-
sectional view, respectively, of an alternative embodiment of a filter body.

[0078] FIG. 51 is an exploded view of a valve housing member of the expandable
bag device of FIG. 46A.

[0079] FIG. 52 is an exploded view of a rear portion of the expandable bag device
of FIG. 46A.
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[0080] FIG. 53 is a rear perspective view of the expandable bag device of FIG. 46A
with the expandable bag removed.

[0081] FIG. 54 is a rear perspective view of the expandable bag device of FIG. 46A
with the expandable bag present.

[0082] FIGS. 55A-55B illustrate a first side view and a second side view,
respectively of the expandable bag device of FIG. 46A including a PEEP lock.

[0083] FIGS. 56A-56B illustrate a top plan view of the expandable bag device of
FIG. 46A including projecting external stops in a fully compressed position and a non-
fully compressed position, respectively.

[0084] FIGS. 57A-57C illustrate a lower perspective view of the expandable bag
device of FIG. 46A with each side incorporating contoured edges, an upper
perspective view of the expandable bag device of FIG. 46A with each side
incorporating contoured edges, and an upper perspective view of the expandable bag

device of FIG. 46A with each side incorporating tabs, respectively.
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DETAILED DESCRIPTION
[0085] The figures and descriptions provided herein may have been simplified to
illustrate aspects that are relevant for a clear understanding of the herein described
devices, systems, and methods, while eliminating, for the purpose of clarity, other
aspects that may be found in typical devices, systems, and methods. Those of ordinary
skill may recognize that other elements and/or operations may be desirable and/or
necessary to implement the devices, systems, and methods described herein. Because
such elements and operations are well known in the art, and because they do not
facilitate a better understanding of the present disclosure, a discussion of such
elements and operations may not be provided herein. However, the present
disclosure is deemed to inherently include all such elements, variations, and
modifications to the described aspects that would be known to those of ordinary skill
in the art.

[0086] References in the specification to "one embodiment," "an embodiment," "an
illustrative embodiment,” etc., indicate that the embodiment described may include a
particular feature, structure, or characteristic, but every embodiment may or may not
necessarily include that particular feature, structure, or characteristic. Moreover, such
phrases are not necessarily referring to the same embodiment. Further, when a
particular feature, structure, or characteristic is described in connection with an
embodiment, it is submitted that it is within the knowledge of one skilled in the art to
affect such feature, structure, or characteristic in connection with other embodiments
whether or not explicitly described. Additionally, it should be appreciated that items
included in a list in the form of "at least one A, B, and C" can mean (A); (B); (C); (A and
B); (A and C); (B and C); or (A, B, and C). Similarly, items listed in the form of "at least
one of A, B, or C" can mean (A); (B); (C); (A and B); (A and C); (B and C); or (A, B, and C).
[0087] In the drawings, some structural or method features may be shown in specific
arrangements and/or orderings. However, it should be appreciated that such specific
arrangements and/or orderings may not be required. Rather, in some embodiments,
such features may be arranged in a different manner and/or order than shown in the
illustrative figures. Additionally, the inclusion of a structural or method feature in a

particular figure is not meant to imply that such feature is required in all embodiments
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and, in some embodiments, may not be included or may be combined with other
features.

[0088] Generally, bag-valve-masks (BVM) are comprised of three key components:
a self-inflating bag, a two-way valve, and a mask. The bag is designed to expand, fill
and retain a volume of air. This volume constitutes the next “breath” that a patient is
to receive. When the bag is compressed by a lifesaver's hand (herein referred to as the
user), the breath is pushed through a valve and down into the mask portion of the
device. The mask is kept in contact with the patient's face and directs the breath
downward and into the mouth or nasal passage of the patient and into their lungs.
When the bag compression is released, the bag expands and a new volume of “fresh”
air is drawn into the bag while the original breath of “used” air exits the patient and is
released into the ambient air via the two-way valve.

[0089] The disclosure is directed generally to a respiratory device for providing
respiratory support to a patient that includes an expandable bag and a rigid valve
housing portion. The expandable bag includes an air intake valve, an adjustable
predetermined tidal volume and a hinge configured to maintain the expandable bag in
a predetermined tidal volume in an uncompressed configuration. The rigid valve
housing portion is in fluid communication with the expandable bag and includes a
body portion, an adjustable peak inspiratory pressure (PIP) mechanism within the
body portion, a two-way valve within the body portion that allows air to move from
the expandable bag in a first direction through a first portion of the two-way valve and
that directs air in an opposing direction through a second portion to create positive
end-expiratory pressure (PEEP), first, second and third adjustable dials to adjust a PIP
value, a tidal volume and a PEEP value, respectively, and a patient breathing interface.
[0090] FIG. 1 illustrates an example embodiment of an expandable bag device 100.
The expandable bag device 100 includes an expandable bag portion 102 and
connection member 150. The expandable bag device 100 may be attached to any type
and size of mask or other patient breathing interface device, such as an endotracheal
tube or laryngeal mask airway. The expandable bag portion 102 includes an
expandable bag 104, a first side panel 106a, second side panel (not shown), a first
handle portion 108a, a second handle portion (not shown), and at least one air intake

valve 110.
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[0091] In an example embodiment, the expandable bag 104 has an accordion-like
design, comprising a plurality of folds 114a, 114b, such as a bellow, or other similar
mechanism. The plurality of folds 114 allows the expandable bag 104 to expand and
contract. This allows the expandable bag 104 is occupy minimal space when not in
use. The expandable bag 104 can be made from a variety of materials such as flexible
plastics. The expandable bag 104 includes a side panel 106 that is stiffer than the
expandable bag 104 to allow a user to hold the side panel 106a to compress the
expandable bag 104. The side panel 106a is made from a plastic that has a rigidity
greater than the expandable bag 104. The side panel 106a also comprises a handle
portion 108a. The handle portion 108a may optionally be raised or depressed from the
side panel 106a to provide a surface for a user’s fingers to grip and/or grab when
compressing the expandable bag 104.

[0092] The rigidity of the side panel 106a allows a user to press against it in order
to compress the expandable bag 104. This allows a user to compress the expandable
bag portion 102 fully, as when a user compresses the side panels 106a, the side panel
106a compresses the entire length of the expandable bag 104.

[0093] The side panels 106 may also be configured to be easily held in a user’s
hand. In an example, the side panels 106 may each include an angled plate that makes
it easier for the user to hold in one hand while inflating and deflating the bag even if
the user’s grip is relaxed on the expandable bag 104. Additionally, or alternatively, the
side panels 106 may include a grip material, such as rubber that makes it easily to
hold. In yet another embodiment, the side panels 106 include a recess or legs that a
user can grip with their hand. In yet another embodiment the side panels 106 could
include a strap (not shown) to help the user maintain contact with the sides of the
device.

[0094] The first side panel 106a and expandable bag 104 also include a first air
intake valve 110a. The first air intake valve 110a extends through the first side panel
106a and into the expandable bag 104. The first air intake valve 110a provides the
expandable bag 104 with ambient air intake to re-inflate the expandable bag 104. In
an embodiment, each side panel 106 may comprise an air intake valve 110. In an
alternative embodiment, the first side panel 106a includes the first air intake valve

110a.
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[0095] The expandable bag 104 is a self-inflating bag, in which the expandable bag
104 takes on an expanded configuration without any external input from the
environment. The interior of the expandable bag 104 includes a spring, which is
described in more detail below.

[0096] The expandable bag portion 102 is connected to a connection member 150.
The connection member 150 includes a pressure relief valve 154 located at the top
152 of the connection member 150, a dial 158, and a mask connection member 162.
In an embodiment, the pressure relief valve 154 is a one-way valve that only lets air
flow from inside the connection member 150 to the external environment.

[0097] The dial 158 controls the positive end expiratory pressure (PEEP) valve,
which is the controlled resistance of the exhaled airflow. The dial 158 controls the
location of side panels of an internal valve, such as a barrel valve (shown in FIGS. 13-
17). When the dial 158 is turned up, the side panels move closer together, so it is
harder for the patient to exhale against. The dial 158 can have different values such as
from 0 to 20 mmHg. Alternatively, a push button (shown in FIG. 20) may be used to
control PEEP.

[0098] The connection member 150 also includes two optional external pressure
gauge connection members 156, 160. The optional external pressure gauge
connection members 156, 160 can be used to indicate the internal pressure levels of
different components of the expandable bag device 100. The external pressure gauge
connection member 156, 160 can be used to measure the pressure of a patient’s lungs
upon inspiration (PIP - peak inspiratory pressure). The external pressure gauge
connection member 156, 160 can be used to measure the pressure of the patient’s
lungs during exhalation (PEEP). In other embodiments, these two valves are not
present, or are capable of being closed.

[0099] The connection member 150 is made from a stiff material that allows a
user to hold the expandable bag device 100 in one hand. A user is able to compress
the expandable bag portion 102 with one hand, while maintaining a seal of a mask on
a patient’s face with the same hand. The stiffness of the connection member 150
allows for single-handed use of the expandable bag device 100.

[0100] FIG. 2 illustrates a rear view of the expandable bag device 100. As shown,

the expandable bag portion 102 includes a second side panel 106b having a second
13
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handle portion 108b, and a second air intake valve 110b. The second side panel 106b
having a second handle portion 108b and the second air intake valve 110b are the
same as the first side panel 106a, the first handle portion 108a, and the first air intake
valve 110a shown in FIG. 1, and the descriptions of which are omitted for the sake of
brevity. The first side panel 106a and the second side panel 106b sandwich the
expandable bag 104.

[0101] A plurality of attachment points 116 are located along each side panel 106
to attach each side panel 106 to the expandable bag 104. Various types of attachment
mechanisms may be used to attach each side panel 106 to the expandable bag 104,
such as adhesives or mechanical connections.

[0102] Still referring to FIG. 2, the expandable bag 104 is attached to the
connection member 150 via the bag connection member 120. The connection
member 150 may be fixedly connected to the expandable bag portion 102, or
alternatively, may be removable. In a removable embodiment, an attachment
mechanism may be selected from a snap fit, friction fit, or other similar mechanism.
[0103] In an example embodiment, the connection member 150 includes an
“over-breathing” valve (not shown). As shown in more detail at FIG. 17, the over-
breathing valve allows a patient to breathe on their own, even without the
expandable bag 104 providing the air. For example, if a patient has a mask on, and the
patient can or begins to breathe on their own, the over-breathing valve allows the
patient to breathe.

[0104] The expandable bag device 100 is shaped such that it takes up minimal
space during storage. When the expandable bag device 100 is not being used, a mask
(not shown) is detachable from the mask connection member 162, and can be stored
next to the expandable bag portion 102. In order to take up minimal space, the
expandable bag portion 102 has a shape that allows the mask portion to abut against
it, such as having the expandable bag portion 102 having a rounded concave shape.
Still further, the expandable bag device 100 is designed so the expandable bag portion
102 is compressible and does not hold any air when not in use.

[0105] The expandable bag device 100 is configured to be used by a user to
provide respiratory support to a patient. In use, the expandable bag device 100 is

connected to a mask (not shown) at the mask connection member 162, which
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provides air to a patient in need. The expandable bag device 100 is biasable at the
articulation point 112, by a user. The articulation point 112 maintains the expandable
bag 104 in an open or expanded configuration (shown in more detail below at FIGS.
11-12). When a user compresses the side panels 106a, 106b, the expandable bag 104
compresses, which forces air through the bag connection member 120 (discussed in
more detail below), through the connection member 150 and into a mask (not
shown). Alternatively, the connection member 150 may be connected to a different
patient breathing interface, such as an endotracheal tube, an end-tidal CO, connector,
or a laryngeal mask airway.

[0106] In an embodiment, the articulation point 112 is a spring located within the
expandable bag 104. The articulation point 112 may be made from a material such as
metal, fiberglass, carbon fiber, plastic, or any other structural material that will bias
the expandable bag 104 in an inflated or expanded configuration. The articulation
point 112 has a strength great enough to keep the bag open when not subject to
external forces, but weak enough that a user can squeeze the side panels 106, which
bias the articulation point 112 with one hand. Still further, the articulation point 112 is
designed with a material that does not allow the expandable bag 104 to open too
quickly. For example, the articulation point 112 comprises a hinge that is configured to
inflate the expandable bag 104 in 5-6 seconds; however, other time periods may be
utilized.

[0107] The expandable bag device 100 is configured such that when a user
compresses the side panels 106a, 106b, the entire expandable bag 104 is compressed.
This allows the expandable bag 104 to have a size that is the volume of air needed,
without having to be oversized. This also allows the expandable bag 104 to be as
compact as possible.

[0108] When a user desires to provide subsequent “breaths,” the user relaxes the
compression on the side panels 106a, 106b of the expandable bag 104, which allows
the expandable bag 104 to expand into the expanded configuration. The air intake
valves 110 allows air to move from an external environment to the inside of the
expandable bag 104.

[0109] In another embodiment, the expandable bag portion 102 further comprises

an oxygen port 121 which can be connected to a source of oxygen (not shown). In use,
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an oxygen port 121 can instill a predetermined volume of pure oxygen in the
expandable bag portion 102. When the expandable bag portion 102 is expanded, it
can pull in ambient air from the periphery to blend with the oxygen from an oxygen
source which is coupled to the expandable bag portion 102 by the oxygen port 121.
[0110] The oxygen port 121 may further include an indicator (not shown) that
indicates to the user that oxygen is flowing into the expandable bag 104. An example
indicator may be a flap, a spinner, or a valve that moves due to the flow of oxygen,
and the user is able to see the movement of the indicator. In such an example, the
indicator may be translucent and the indicator may be colored. In another example,
the indicator may have a noise-making device that whistles when oxygen is flowing
through the indicator into the expandable bag 104.

[0111] FIG. 3 illustrates a side view of the expandable bag device 100. The bag
connection member 120 connects the expandable bag portion 102 to the connection
member 150. The bag connection member 120 includes a lumen, and may or may not
include a valve. In an embodiment comprising a valve, the valve is a one-way valve
that only allows air to move from the expandable bag portion 102 to the connection
member 150.

[0112] In an example embodiment, the expandable bag portion 102 also includes
a buckle 302. The buckle 302 allows a strap (not shown) to be connected to a first side
panel 106a and a second side panel 106b. The length of the strap can determine how
much the expandable bag 104 can expand. For example, a strap with a first length
connected to each of the buckles 302 restricts the expandable bag 104 from opening
more than a first predetermined fill volume. A strap with a second length can restrict
the expandable bag 104 from opening more than a second predetermined fill volume.
This allows the expandable bag device 100 to be used on patients with different sizes
of lungs. For example, a short strap may be required for a neonatal patient and a long
strap for a pediatric patient. No strap may be required for an adult patient.

[0113] In an alternative embodiment, a single strap may include multiple buckles
at predetermined lengths, so a single strap may be used for different predetermined
fill volumes. The strap can include indicia that indicates which buckle is to be used

with each type of patient.
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[0114] The straps (not shown) may include indicia on each that conveys pertinent
information for the resuscitation of each patient size. For example, the shorter strap
for older pediatric patients might remind a user to give 15 compressions for 2 rescue
breaths when cardiopulmonary resuscitation is given by the user.

[0115] In yet another embodiment, a dial or push button mechanism 303 may be
used to control the tidal volume. The push button mechanism 303 controls how large
the expandable bag portion 102 is able to expand. For example, the push button
mechanism 303 may include three different pre-determined volumes, such as a tidal
volume for a neonatal patient, a second tidal volume for a pediatric patient, and a
third tidal volume for an adult patient. This allows the expandable bag device 100 to
be used on patients with different sizes of lungs.

[0116] FIG. 4 illustrates an opposing side view of the expandable bag device 100.
In an example embodiment, the connection member 150 includes a first external
pressure gauge connection member 156 and a second external pressure gauge
connection member 160. As described above, these external pressure gauge
connection members 156, 160 allow a user to attach a pressure gauge to determine
the pressure provided or received at each of the external pressure gauge connection
members 156, 160. The opposing side also includes a buckle 302, the details of which
are omitted for brevity.

[0117] In an embodiment, the pressure relief valve 154 includes a dial 155 that
allows the pressure at which the pressure relief valve 154 vents air to be adjustable. In
an embodiment, the pressure relief valve 154 is configured to vent air at a pressure of
40 cm water. In another embodiment, the pressure at which the pressure relief valve
154 vents air is adjustable. An adjustable pressure relief valve 154 may be controllable
the dial 155 or other similar mechanism.

[0118] FIG. 5 illustrates a vertical cross-sectional view of the expandable bag
device 100. The connection member 150 includes the pressure relief valve 154 located
at the top of the connection member 150, a PEEP valve 501, and a two-way valve a
located above a mask connection lumen 506. The two-way valve 504 may be a
duckbilled valve.

[0119] The pressure relief valve 154 may be a ball-and-spring valve that relieves

excess pressure. Alternatively, the pressure relief valve 154 may be a pop-off valve, a
17



WO 2023/055407 PCT/US2021/061250

stiffened duck-billed or other type of valve. The pressure relief valve 154 is a one-way
valve, so air only moves from the inside of the connection member 150 to the external
environment.

[0120] The PEEP valve 501 may be comprises of two separate valves, each located
lateral to the two-way valve 504. In an example embodiment, the PEEP valve 501
includes two barrel valves 502. For example, a first side of the barrel valve 502a is
located on a first side of the two-way valve 504 and a second side of the barrel valve
502b is located on a second side of the two-way valve 504. This is shown in more
detail at FIGS. 13-16. As described above, the PEEP valve 501 is controlled by the dial
158.

[0121] The two-way valve 504 allows air to move from the connection member
150 through the mask connection lumen 506 into a mask (not shown) for a patient to
breathe. This is shown in more detail at FIGS. 13-16.

[0122] In an alternative embodiment, the PEEP valve 501 may be a different type
of valve, such as a torsion valve or a compression valve. Other types of valves include
duckbill, diaphragm, spool, butterfly, needle, ball, gate, poppet, plug, and flapper.
[0123] The expandable bag device 100 is biasable at the articulation point 112.
The expandable bag portion 102 includes a biasing member 512 connected to front
side and back side of the expandable bag 104 at connection point 510. The biasing
member 512 may be a spring, or other type of member that allows the bag to
articulate at the articulation point 112. The biasing member 512 has a strength such
that it does not cause the expandable bag 104 to open too quickly when in use. Other
types of biasing members include but are not limited to torsion, compression,
extension, bow, leaf, conical, flat, and disk/cup members.

[0124] Also shown is the air intake valve 110 of the expandable bag 104. The air
intake valve 110 allows air from the external environment to fill the expandable bag
104. The air intake valve 110 may further include an indicator (not shown) that
indicates to the user that the expandable bag 104 is inflating and when the
expandable bag 104 has completed inflating. An example indicator may have a noise-
making device that whistles when the expandable bag 104 is inflating and stops
making noise when the expandable bag 104 is full. For example, the indicator may be

made from a flexible material, such as a thin plastic or thin rubber.
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[0125] FIG. 6 illustrates a view of the connection member 150 with the expandable
bag portion 102 located behind it. As shown, the expandable bag 104 of the
expandable bag portion 102 is compressed. In a compressed configuration, the
expandable bag 104 has a width of a first end that is the same as a width of an
opposing end. For example, the width w; of the expandable bag portion 102 may be
from about 2 cm to about 15 cm.

[0126] FIG. 7 illustrates another view of the expandable bag portion 102 in a
compressed configuration. In an embodiment, a second width w; of the expandable
bag portion 102 may be from about 4 cm to about 30 cm.

[0127] FIG. 8 illustrates a top view of the expandable bag device 100. The
expandable bag 104 has an accordion-type shape including a plurality of folds 114a,
114b. The plurality of folds 114 enables the expandable bag 104 to expand to a
maximum capacity. A maximum capacity may be one fluid liter. In alternative
embodiments, the maximum capacity may be more, such as 1.5 fluid leaders, or less,
such as 0.5 fluid leaders. The length € of the expandable bag portion 102 may be from
about 5 cm to about 50 cm.

[0128] The expandable bag 104 includes the articulation point 112 at an end
connected to the connection member 150. The opposing end of the expandable bag
104 expands when articulation point 112 is in a biased configuration.

[0129] The top portion of the connection member 150 comprises the pressure
relief valve 154. As discussed above, the pressure relief valve 154 allows air to flow
from the connection member 150 to the external environment in the event that
excessive pressures are applied to a patient’s lungs.

[0130] FIG. 9 illustrates a bottom view of the expandable bag device 100. The
connection member 150 includes the mask connection lumen 506, which allows the
connection member 150 to connect to a mask or other patient breathing interface
unit (not shown).

[0131] FIG. 10 illustrates a horizontal cross-sectional view of the expandable bag
device 100. Articulation point 112 is located at a first end of the expandable bag
portion 102. The articulation point 112 is configured to maintain an open expanded
configuration, until at which time pressure is applied externally to the expandable bag

portion 102 to collapse the expandable bag 104 by a user. The biasing member 512 is
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connected to front side 1002 and back side 1004 of the expandable bag 104 at
connection point 510a, 510b. The biasing member 512 may be a spring, or other type
of member that allows the bag to articulate at the articulation point 112. Other types
of biasing members include but are not limited to torsion, compression, extension,
bow, leaf, conical, flat, and disk/cup members.

[0132] FIG. 11 illustrates a top view of the expandable bag device 100 in an
expanded configuration. As shown, the expandable bag portion 102 has a generally
triangular-shape when in an expanded configuration. The bag could assume other
shapes such as spherical, ovoid, square, rectangular, or other polygonal shape. The
end 1102 of the expandable bag portion 102 opposite the connection member 150 is
expanded, allowing the expandable bag 104 to fill with air. The biasing member (not
shown) opens the expandable bag to a predetermined fluid volume.

[0133] FIG. 12 illustrates the expandable bag device 100 from a bottom viewpoint,
in an expanded configuration. The connection member 150 includes a mask
connection member 162 and the two-way valve 504 located within the mask
connection lumen 506.

[0134] FIGS. 13-16 illustrate a cross-sectional view of the connection member 150.
In particular, FIG. 13 shows the connection member 150 that includes the two-way
valve 504 |located centrally in the mask connection lumen 506. The two-way valve 504
includes two flaps that meet each other in a center of the mask connection lumen
506. The connection member 150 also includes the PEEP valve 501, which includes at
least one barrel valve 502 located laterally to the two-way valve 504. For example, a
first barrel valve 502a is located on a first side of the two-way valve 504, and a second
barrel valve 502b is located on an opposing side of the duckbilled valve.

[0135] The PEEP valve 501 is controlled by a dial (not shown) and can be adjusted
to a predetermined expiratory pressure amount. The PEEP valve 501 maintains the
predetermined pressure in the lungs of the patient. The two-way valve 504 allow air
from the expandable bag 104 to be provided to the patient and forces exhaled air to
be expelled through the PEEP valve 501.

[0136] FIG. 14 illustrates an alternative embodiment of a two-way valve 504. For
example the duckbilled valve includes only a single flap, where the single flap meets a

side edge of the valve.
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[0137] FIGS. 15-16 also illustrate an alternative embodiment of a two-way valve
504 and a groove mechanism 1502 of a dial 158. The two-way valve 504 includes two
flaps that meet in a middle portion, wherein the flaps have a small articulation before
joining together.

[0138] FIG. 17 illustrates a top down cutaway view of the two-way valve 504 and
the barrel valves 502a, 502b. The dial 158 controls the size of the barrel valves 5023,
502b. A user can rotate the dial 158 in a first direction to increase the size of the
barrel valves 502, and can rotate the dial 158 in an opposing direction to decrease the
size of the barrel valves 502.

[0139] The dial 158 is used to adjust the relative positions of cutouts 1702, 1704.
When the dial 158 is turned fully in one direction, for example when fully turned
clockwise, the cutouts 1702, 1704 do not overlap, which restricts the flow of exhaled
air from the patient into the periphery. When the dial 158 is turned fully in the other
direction, for example fully counterclockwise, the cutouts 1702, 1704 overlap,
allowing exhaled air to readily vent into the periphery through the holes 1710, 1712 of
the barrel valve 502b, 502b. The dial 158 can be set to an infinite number of positions
between fully open, counterclockwise, and fully closed, clockwise allowing for infinite
adjustments of PEEP.

[0140] FIG. 18 illustrates an example expandable bag device 100 having an over
breathing valve 1802 on the connection member 150. The over breathing valve 1802
is a one-way valve that allows a patient to inhale on their own, without the use of the
air provided by the expandable bag portion 102. The over breathing valve 1802 may
be a diaphragm valve, or any other type of one-way valve commonly known in the art.
Exhalation from the patient, or positive pressure from the expandable bag portion
102, would effectively close over breathing valve 1802 during operation.

[0141] Inside the over breathing valve 1802 may be an additional valve unit (not
shown). The additional valve unit may be duck billed in shape or other potential
embodiments. This valve allows the patient to inspire air from the periphery
independent of whether or not the user is compressing the expandable bag portion
102 to deliver air to the patient. When the user compresses the expandable bag
portion 102, the over breathing valve 1802 closes to prevent loss of inspiratory air

from the bag to the periphery.
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[0142] FIG. 19 illustrates an alternative embodiment of a PEEP valve 501. The PEEP
valve 501 includes a groove and track embodiment and a dial 158. The dial 158 is used
to raise a lifting piece 1902 against a duckbilled-type valve. This is done by moving the
relative position of lifting piece 1902 within the groove 1904. In this embodiment
there are three potential positions of the lifting piece within the groove: a low position
1906, an intermediate position 1910, and a high position 1908. When the lifting piece
1902 is located in the low position 1906, the lifting piece 1902 is in its lower-most and
least restrictive position against the duckbilled valve. This allows for ready exhalation
from the patient and generates no PEEP. When the lifting piece 1902 is located in the
intermediate position 1910, the lifting piece 1902 is lifted slightly against the
duckbilled valve. This requires additional exhaled force in order to vent to the
periphery and generates low PEEP. When the lifting piece 1902 is located in the high
position 1908, the lifting piece 1902 is lifted tightly against the duckbilled valve. This
requires substantial exhaled force in order to vent to the periphery and generates high
PEEP. Additional positions within the groove 1904 could be added for additional
adjustment of PEEP.

[0143] FIG. 20 illustrates another embodiment of a PEEP controlling device. A
push-button mechanism 159 is used to control the PEEP valve. The push-button
mechanism 159 controls the PEEP valve, which is the controlled resistance of the
exhaled airflow. The push-button mechanism 159 controls the location of side panels
of an internal valve, such as a barrel valve (shown in FIGS. 13-17). When the push-
button mechanism 159 is completed pushed to one end, the side panels move closer
together, so it is harder for the patient to exhale against. When the push-button
mechanism 159 is completed pushed to the alternative end, the side panels move
farther apart, so it is easier for the patient to exhale against. The push-button
mechanism 159 can have different values such as from 0 to 20 mmHg.

[0144] The push-button mechanism 159 may include a plurality of selectable
buttons, each selectable button corresponds to a pre-determined value. A user is able
to select the button that corresponds to the desired PEEP value.

[0145] In an alternative embodiment, the PEEP controlling mechanism, in the form
of a push-button mechanism 159, may generate PEEP by applying a plunger (not

shown) that applies pressure against the upper aspect of the two-way valve 504. This
22



WO 2023/055407 PCT/US2021/061250

plunger restricts lifting of the two-way valve 504 resisting exhalation and generating
PEEP.

[0146] FIGS. 21-44 illustrate an alternative embodiment of an expandable bag
device 2000. FIG. 21 shows the expandable bag device 2000 including an expandable
bag 2004 located between a first side panel 2002a and a second side panel 2002b. The
expandable bag device 2000 also includes a valve housing member 2001 extending
from a first end of the first and second side panels 2002a, 2002b. The valve housing
member 2001 may be attached to any type and size of mask or other patient
breathing interface device, such as an endotracheal tube or laryngeal mask airway.
[0147] The first side panel 2002a and the expandable bag 2004 also includes an air
intake mechanism 2040. The air intake mechanism 2040 includes at least one aperture
that extends through the first side panel 2002a and into the expandable bag 2004. In
an alternative embodiment, the air intake mechanism 2040 is located on the second
side panel 2002b, and still further an air intake mechanism 2040 may be located on
both the first side panel 2002a and the second side panel 2002b. The air intake
mechanism 2040 is described in more detail below, for example at FIGS. 37 and 40.
[0148] In an example embodiment, the expandable bag 2004 has an accordion-like
design, comprising a plurality of folds 2005a, 2005b, 2005c, such as a bellow, or other
similar mechanism. The plurality of folds 2005a, 2005b, 2005c allows the expandable
bag 2004 to expand and contract while filling with air, but also being able to occupy a
minimal amount of space when not in use. The expandable bag device 2000 includes a
first side panel 2002a and a second side panel 2002b that are stiffer than the
expandable bag 2004 to allow a user to hold the side panels 2002a, 2002b to
compress the expandable bag 2004.

[0149] The rigidity of the side panels 2002a, 2002b allow a user to compress the
expandable bag 2004, and this combined with the rigidity of the valve housing portion
2001 allows a user to compress the expandable bag 2004 fully and with a single hand
while also maintaining a seal with a patient breathing interface around a patient’s
mouth with the same hand. As described in more detail below, the expandable bag
device 2000 allows for single-handed use by a user.

[0150] The expandable bag 2004 is a self-inflating bag, in which the expandable

bag 2004 takes on an expanded configuration without any external input from the
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environment. The expandable bag device 2001 includes a spring (not shown) that
pushes the side panels 2002a, 2002b away from each other to increase the volume of
the expandable bag 2004. The maximum volume of the expandable bag 2004 is
controlled by a tidal volume controller within a control dial 2012, as described in more
detail below.

[0151] The expandable bag device 2000 includes a valve housing member 2001,
which is made from a rigid material. The valve housing member 2001 connects the
expandable bag 2004 to a patient breathing interface. The valve housing member
2001 includes a pressure relief opening 2013 capped by a control dial 2012. The valve
housing member 2001 also includes at least, a PEEP dial 2010, a port 2008, and a mask
connection member 2006.

[0152] The pressure relief opening 2013 is located at the top of the valve housing
member 2001 and is a one-way valve that only lets air flow from inside the valve
housing member 2001 to the external environment when the pressure within the
valve housing member 2001 is above a predetermined level. This opening 2013 in
alternative embodiments may be moved to another location within the valve housing
member.

[0153] The control dial 2012 simultaneously controls the tidal volume of the
expandable bag 2004 and the peak inspiratory pressures that the patient’s lungs will
experience. In other words, the control dial 2012 restricts how far the first and second
side panels 2002a, 2002b of the expandable bag 2004 expand, which determines the
volume of air being administered to the patient and the PIP that the patient’s lungs
will experience. The control dial 2012 includes a plurality of predetermined settings,
including for example, large adult, adult, pediatric, and infant. Each of these settings
provides an appropriate tidal volume, which is dependent on the size of the patient.

IIIJI

As shown in the figure, an indicia, such as “LA,” “A,” “P,” and “I” are used so a user can
select the appropriate tidal volume size for the patient. An adult patient generally
requires about 500 mL to about 750 mL of a volume of air, a pediatric patient
generally requires about 150 mL to about 500 mL of a volume of air, and an infant
patient generally requires about 30 mL to about 150 mL of a volume of air.

[0154] In order for a user to change the setting of the control dial 2012, the user

must press down on the control dial 2012 and simultaneously rotate the control dial
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2012 to adjust it to a desired setting. This safety feature prevents a user from
accidentally turning the control dial 2012 to an inappropriate volume for the patient.
In alternative embodiments, other safety mechanisms are contemplated, such as the
use of a latch, or requiring the user to pull upward on the control dial before rotating,
or another locking mechanism to prevent an inadvertent adjustment of the tidal
volume.

[0155] The control dial 2012 includes at least one hollow portion that mates with a
tab (not shown) of the first side panel 2002a and another tab on the second side panel
2002b to restrict the width at which the first and second side panels 2002a, 2002b
open by doing so, when a user then compresses the expandable bag 2004 from this
restricted width to a fully closed position, the volume of air delivered will be
consistent and known within a small degree of variance. In an alternative
embodiment, the control dial 2012 can permit the first and second side panels 2002a
and 2002b to open fully while instead restricting how much the first and second side
panels 2002a, 2002b close. The mechanism of control of the control dial 2012 is
described in more detail below.

[0156] As shown in the figures, the control dial 2012 is located on a top portion of
the valve housing member 2001. However, in other embodiments, the control dial
2012 may be located on a vertical side panel or other location of the valve housing
member 2001.

[0157] In addition to controlling tidal volume, the control dial 2012 can also adjust
a length of a spring of an internal PIP valve (shown in more detail at FIGS. 34-35).
Adjustment of this spring makes it possible to apply a variable amount of downward
pressure on the upper aspect of the PIP valve (not shown). When the PIP valve is fully
restricted, it will not allow venting of excess pressure (simulating the infinite peak
pressure valve that is sometimes needed for large adults). Thus an adjustment of PIP
can modify the pressure at which excess pressure is vented from inside the valve
housing member 2001 to the periphery.

[0158] As the control dial 2012 is rotated to a smaller patient setting, the control
dial 2012 will adjust the length of a pop-off spring mechanism and allow the PIP valve
to exhaust at lower pressures (a multiplicity depending on chosen settings). In an

embodiment, the PIP values are infinite for a large adult, meaning there is no pressure
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release, 60 cm H,O for a small adult, and 40 cm H,O for a child or infant; however
other values for relief pressures or sizes or grouping of patients are possible. The
control dial 2012 allows for simultaneous adjustment of both tidal volume and PIP to a
setting that is desired and appropriate for a given size of patient. In an alternative
embodiment the adjustment of tidal volume and PIP may be decoupled.

[0159] The PEEP dial 2010 controls an ability of the two-way valve (not shown) to
move vertically within the valve housing member 2001. When the PEEP dial 2010 is
turned, it changes the pressure required for the patient to exhale. The PEEP dial 2010
can have different values such as from 0 to 20 cm H,0 in slidable increments that may
be selectable on the PEEP dial 2010. Alternatively, the PEEP dial 2010 may be
adjustable in discrete increments, such as increments of 5 cm H,0 or less.

[0160] The port 2008 may be used for a plurality of connections, including for
example a medication injection device and end-tidal CO; detector. The port 2008 is
located between the two-way valve and the mask connection member 2006. This
allows for monitoring of CO; release from the patient during resuscitation or for the
administration of medication directly to a patient’s airway, without having to go
through one of the valves of the valve housing member 2001.

[0161] The valve housing member 2001 is made from a rigid material, and in
combination with a rigidity of the first side panel 2002a and the second side panel
2002b allows a user to hold the expandable bag device 2000 in one hand. A user is
able to compress the expandable bag 2004 with one hand, while maintaining a seal of
a mask on a patient’s face with the same hand. The stiffness of the valve housing
member 2001 and the first and second side panels 2002a, 2002b allows for single-
handed use of the expandable bag device 2000.

[0162] FIG. 22 illustrates an alternative view of the expandable bag device 2000.
The expandable bag 2004 is attached to the valve housing member 2001 via a bag
connection member 2030 that allows air to flow from the expandable bag 2004
through the valve housing member 2001 and to the patient. The valve housing
member 2001 is connected to the first and second side panels 2002a, 2002b.

[0163] The expandable bag device 2000 is designed so the compression of the
expandable bag 2004 by the first and second side panels 2002a, 2002b, occurs along a

plane that is parallel to the plane of a mask on a patient. Still further, the plane that
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the expandable bag 2004 compresses along is normal or perpendicular to the mask
connection member 2006. In other words, in an expanded configuration, the
expandable bag 2004 is larger at an end opposite the valve housing member 2001
than an end adjacent the valve housing member 2001.

[0164] Also shown is a PIP override tab 2020. The PIP override tab 2020 has two
configurations. In a first configuration, the PIP override tab 2020 is in an override
state, where no air is allowed to vent through the PIP valve, simulating an infinite PIP
value. In a second configuration, when the PIP override tab 2020 is rotated such as 90°
or 180°, the PIP override tab 2020 is not in an override state, where air is allowed to
vent through the pressure relief opening 2013. The side panel 2002b is shaped so as to
hang slightly over the PIP override tab 2020 when the expandable bag 2004 is in an
expanded state. In this embodiment, a user must first fully compress the bag in order
to rotate the PIP override tab 2020 into a locked or unlocked position. This serves as a
safety mechanism to prevent unintentional manipulation of the PIP override tab 2020.
[0165] FIG. 23 illustrates an example embodiment of the valve housing member
2001. The valve housing member 2001 includes the control dial 2012 at a first end,
such as the top of the valve housing member 2001 when oriented on a patient in use,
a mask connection member 2006 at a bottom end, and the PIP override tab 2020, a
manometer port (not shown), the PEEP dial 2010, and the medication port or end-
tidal CO, connection port 2008 located therebetween.

[0166] A manometer port (not shown) can be used to indicate the internal
pressure levels of the expandable bag device 2000. In this embodiment the
manometer port 2022 extends from the middle portion of the valve housing member
2001, however in other embodiments, the manometer port 2022 may extend from
any other portion of the valve housing member 2001 or the bag connection member
2030.

[0167] The control dial 2012 surrounds an internal mechanism (not shown) that is
capable of simultaneously controlling tidal volume and PIP. The internal mechanism of
the control dial 2012 is shown in more detail at FIGS. 30, 32, and 34. The control dial
2012 includes settings identified by indicia to indicate which type of patient the

ul ”

expandable bag device 2000 is being used for. For example, “I” indicates infant use,

“P” indicates pediatric use, and “A” indicates adult use. In an embodiment, the control
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dial 2012 may include additional settings, such as a large adult. The control dial 2012
provides for different tidal volumes and PIP within a given patient size class.

[0168] As shown in FIG. 23, the expandable bag 2004 is in an expanded
configuration. An end of the expandable bag 2004 located away from the valve
housing member 2001 has a width that is greater than a width of the expandable bag
2004 located near the valve housing member 2001.

[0169] The mask connection member 2006 extends from a second end of the
valve housing member 2001 and is capable of connecting to a mask or other patient
interfacing device, such as an endotracheal tube or laryngeal mask airway.

[0170] FIG. 24 illustrates a top view of the expandable bag device 2000 in an
expanded configuration. As shown, the expandable bag 2004 has a generally
triangular-shape when in the expanded configuration. The bag could assume other
shapes such as spherical, ovoid, square, rectangular, or another polygonal shape. An
end 2154 of the expandable bag 2004 opposite the valve housing member 2001
expands more than an end 2156 adjacent the valve housing member 2001.

[0171] A bag connection member 2030 is shown, which provides fluid
communication between the expandable bag 2004 and the valve housing member
2001 to provide air to a patient. The bag connection member 2030 can also include a
valve 2031 that prevents back flow of air from the valve housing member 2001 to the
expandable bag 2004.

[0172] The valve housing member 2001 may also include a light 2152. To aid the
user in preventing hyperventilation, or more specifically from inducing
hyperventilation, the valve housing member 2001 includes a battery-powered,
blinking light 2152. The light 2152 works in conjunction with the control dial 2012,
blinking at a cadence specific to the tidal volume and PIP chosen on the control
(infant, pediatric, adult, large adult) to indicate to the user the rate that is appropriate
to deliver air to the patient. Additionally, the duration of the light blink indicates the
time that it should take for the user to deliver air to the patient.

[0173] The light 2152 may blink at different speeds for different sizes of patients.
For example, the light 2152 may blink every 1-2 seconds for an infant, 2-3 seconds for

an infant or pediatric patient, and 5-6 seconds for an adult. However, other time
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periods are contemplated. The blinking light indicates to a user how often to compress
the expandable bag 2004.

[0174] The light 2152 can be attached to the control dial 2012 via a conductive
band that receives an input depending on what size of patient is selected on the
control dial 2012. The light 2152 can determine the cadence at which the light 2152
blinks to display the appropriate timing for the user to squeeze the bag and give air to
the patient. The light 2152 may also blink for a duration of time, such as 1 second,
which corresponds to how long a user should take to fully compress the expandable
bag 2004.

[0175] In an embodiment, the light 2152 can blink in a first color when the
expandable bag device 2000 is being used properly by the user. When a user is not
using the expandable bag device 2000 properly, the light 2152 can blink in a different
color. For example, when the expandable bag 2004 is being compressed at a correct
speed and correct duration, the light 2152 blinks with a green color. If the expandable
bag 2004 is being compressed too quickly or too slow, the light 2152 may blink a red
color.

[0176] The light 2152 may also be associated with a sound, such as an alarm or
metronome. If the expandable bag 2004 is being compressed too quickly or too slow,
in addition to or instead of a red colored blinking light, an alarm may sound. Still
further, only a sound may be utilized to indicate the correct cadence, rate,
compression time, or signal errors or provide other feedback to the user.

[0177] The light 2152 may be an LED or other type of light powered by a battery,
such as a rechargeable battery or a non-rechargeable battery, or powered by a
mechanical charging system utilizing the compression of the expandable bag 2004 to
power the light 2152.

[0178] FIG. 25 illustrates an alternative side view of the expandable bag device
2000. As discussed above, the expandable bag device 2000 includes an expandable
bag 2004 connected to a valve housing member 2001. The expandable bag device
2000 is shown in a compressed embodiment, where the expandable bag device 2000
takes up minimal space.

[0179] The first side panel 2002a also includes an air intake mechanism 2040. The

air intake mechanism 2040 includes an oxygen exhaust valve 2044, an ambient air
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inlet valve 2046, and an oxygen inlet port 2042. The air intake mechanism 2040 allows
air to flow into the expandable bag 2004.

[0180] The air intake mechanism 2040 includes the oxygen inlet port 2042, the
oxygen exhaust valve 2044, an air inlet valve 2046, an expandable bag inlet valve (not
shown), and a hyperventilation override slide (not shown).

[0181] In use, supplementary oxygen may be provided to the expandable bag
2004 via the oxygen inlet port 2042. The air intake mechanism 2040 includes a check
valve system that allows the user to add supplementary oxygen to the ambient air
within the expandable bag 2004 at a controlled rate by only letting a specified volume
of oxygen into the expandable bag 2004 over time, while excess oxygen is exhausted
through an oxygen exhaust valve 2044 to the periphery. This system regulates the rate
at which oxygen and ambient air are allowed into the expandable bag regardless of
the rate at which oxygen is set to flow into the oxygen inlet port 2042 such as at
10L/min, 15L/min, etc.

[0182] In a further embodiment, an auditory indicator may provide a first sound
while the expandable bag 2004 is inflating, and a second sound when the expandable
bag has reached maximum volume.

[0183] FIG. 26 shows another side view of the expandable bag device 2000. The
expandable bag device 2000 is shown in a compressed embodiment, where the
expandable bag device 2000 takes up minimal space. Further, the second side panel
2002b does not include an air intake mechanism 2040. However, in other
embodiments, the second side panel 2002b may include the air intake mechanism
2040 or a duplicate or alternative air intake mechanism.

[0184] FIG. 27 illustrates a bottom view of the expandable bag device 2000 in an
expanded configuration. The valve housing member 2001 is connected to the
expandable bag 2004 via the bag connection member 2030, which includes a one-way
valve (not shown) that allows air to flow from the expandable bag 2004 to the valve
housing member 2001. Also shown is a mask connection lumen 2007 within the mask
connection member 2006, which is in fluid communication with the expandable bag
2004 via the bag connection member 2030 to deliver air to a patient through a mask

or other patient interface device (not shown).
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[0185] FIG. 28 shows another view of the expandable bag device 2000. As
described above, the expandable bag device 2000 includes the valve housing member
2001 in fluid communication with the expandable bag 2004. The air intake mechanism
2040 is located on a first side panel 2002a.

[0186] FIG. 29 illustrates an isolated view of the valve housing member 2001. The
valve housing member 2001 is shown in a use orientation. A mask connection member
2006 is located at a bottom end of the valve housing member 2001, and the control
dial 2012 is located at a top end of the valve housing member 2001.

[0187] A body 2032 of the valve housing member 2001 is located below the
control dial 2012, and houses at least the light (not shown) and the PIP override tab
2020. Below the body 2032 is the PEEP dial 2010. A port 2008 is located near the mask
connection member 2006, although its exact location may be anywhere along the
path of the air coming from the expandable bag (not shown) and below the two-way
valve. In an embodiment, the port 2008 may be a medication port, which allows direct
administration to a patient without having to administer the medication through any
of the valves.

[0188] The PIP override tab 2020 has a tab 2606 that is pointing along a plane
perpendicular to the expandable bag (not shown). The tab 2606 can be rotated by a
user to point along a plane that extends perpendicular to the valve housing member
2001, which creates an infinite PIP valve.

[0189] FIG. 30 illustrates a cutaway view of the valve housing member 2001. In
particular, the cutaway view of the valve housing member 2001 illustrates a two-way
valve 2124 located centrally in the mask connection lumen 2007. The two-way valve
2124 functions to deliver air from the expandable bag (not shown) to the patient,
while also providing a PEEP functionality.

[0190] In an embodiment, the two-way valve 2124 is a duckbilled valve that
includes two flaps that meet each other in a center of the mask connection lumen
2007 and pointing in a direction towards a mask (not shown). In another embodiment,
the two-way valve 2124 is an umbrella valve that is secured within the mask
connection lumen 2007.

[0191] The desired PEEP value is controlled by the PEEP dial 2010 and can be

adjusted to a predetermined PEEP value as desired by the user. The two-way valve
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2124 in combination with a lifting piece 2125 creates PEEP to maintain predetermined
pressure in the lungs of the patient. The two-way valve 2124 allows air from the
expandable bag 2004 to be provided to the patient and forces exhaled air to lift the
two-way valve 2124 off of the lifting piece 2125.

[0192] The PEEP dial 2010 controls the PEEP value via an internal thread 2120. For
example, rotating the PEEP dial 2010 increases or decreases the tension of a lifting
piece 2125 against the two-way valve 2124, which effectively changes the force
required for a patient to exhale air through the PEEP valve. No tension between the
lifting piece 2125 results in no generation of PEEP. Low tension at the connection of
the lifting piece 2125 and the two-way valve 2124 results in a low PEEP value, while
higher tension between the lifting piece 2125 and the two-way valve 2124 results in a
higher PEEP value. The PEEP valve and mechanism is shown in more detail at FIG. 35.
[0193] At higher breath pressures coming from the patient, the pressure will
surmount the PEEP value, but as the breath pressures decrease, the two-way valve
2124 returns to its resting position against the lifting piece 2125, which forces the
pressure to be maintained within the patient’s lungs. This allows for easier
administration of subsequent breaths into the patient, thus more efficient and
effective bagging.

[0194] Also shown is the PIP control mechanism 2100, which is also controlled by
the control dial 2012. By adjusting the control dial 2012, the pressure at which air
vents to the periphery is changed and the tidal volume provided by the expandable
bag 2004 is changed. The adjustment of the control dial 2012 modifies the pressure at
which excess pressure is vented from inside the expandable bag device 2000 to the
periphery.

[0195] When the PIP value is fully restricted, it will not allow venting of excess
pressure (simulating the infinite peak pressure valve that is sometimes needed for
certain clinical scenarios). As the control dial 2012 is rotated and then released to the
various patient settings, the height of the control dial 2012 will be restricted by the
use of inverted wells 2112, 2114, 2116, 2118. The relative height of these inverted
wells 2112, 2114, 2116, 2118 will adjust the length of the pop-off spring 2119 and

allow the pop-off valve to exhaust at a variety of pressures. Predetermined PIP values
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are infinite for a large adult, 60 cm H»0 for a small adult, and 40 cm H,O for a child or
infant; however, other values are possible.

[0196] The PIP control mechanism 2100 includes at least four settings, or inverted
wells 2112, 2114, 2116, 2118, which correspond to the predetermined PIP values.
When the control dial 2012 is turned, a desired setting is selected. In an embodiment,
a first inverted well 2112 has a short length, and corresponds to a PIP value of 60 cm
of H,0 for adults. A second inverted well 2114 has a medium length, and corresponds
to a PIP value of 40 cm of H,0 for pediatric patients. A third inverted well 2116 has a
long length, and corresponds to a PIP value of 40 cm of H,0 for infants. A fourth
inverted well 2118 has a shortest length and corresponds to an infinite PIP value.
[0197] The PIP control mechanism 2100 includes four inverted wells, where each
inverted well corresponds to the inverted wells 2112, 2114, 2116, 2118. The control
dial 2012 also includes a spring which requires a predetermined amount of force to
turn the control dial 2012. In an alternative embodiment the same mechanism could
be achieved using right-side-up wells. This would particularly apply in an embodiment
wherein the control dial 2012 is pulled upward and rotated to adjust instead of being
depressed and rotated to adjust.

[0198] The two-way valve 2124 also provides additional functionally, by restricting
a flow of fluids back into the valve housing member 2001. For example, if a patient
vomits, the two-way valve 2124 prevents fluid from entering the valve housing
member 2001 and directs it out of the valve housing member 2001, similar to the
direction air flows as a result of the PEEP setting.

[0199] FIG. 31 illustrates a view of the valve housing member 2001 highlighting
the PIP override tab 2020. When a user activates the PIP override tab 2020, the PIP
valve will not activate and thus at no pressure will air vent through the pressure relief
opening. The PIP override tab 2020 extends out from a center of the valve housing
member 2001. In a first embodiment, when the PIP override tab 2020 is in an override
state, the tab 2606 is pointed towards the expandable bag 2004. In a second
embodiment, when the PIP override tab 2020 is not in an override state, the tab 2606
is pointed in a direction opposite the expandable bag 2004, such as in line with the

mask connection member 2006. However, the direction of the tab 2606
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corresponding to the first or second embodiment should not be seen as limiting, as
other directions are possible.

[0200] The user is able to rotate the PIP override tab 2020 as desired, for example
from the first embodiment to the second embodiment, and back, if needed. The PIP
override tab 2020 has a tab 2606, and an extension portion 2602 connecting to a
concentric spring mechanism 2604. An end 2608 of the extension portion 2602 has a
semicircular or other shape that mates with a corresponding shape of the PIP valve
(not shown).

[0201] In an embodiment, the PIP override tab 2020 and semicircular mating
portion do not form concentric semicircles and do not interact allowing air to vent
from the top of the device at the desired pressure. When the PIP override tab 2020 is
in the override state, a cutout in the extension portion 2602 and the semicircle
portion of the PIP override tab 2020 interact and become concentric. The semicircular
mating portion is now locked in position, closing off the pressure relief opening at the
top of the valve housing member 2001, and not allowing air to vent out (or setting the
PIP valve to an infinite pressure). In an embodiment the PIP override tab may be
external to the valve housing member 2001 and function by being lifted and applying
downward force on the upper aspect of the control dial 2012 to compress the spring
over the rod 2602 and prevent venting of excess pressures.

[0202] FIG. 32 illustrates a cutaway view of the valve housing member 2001 with a
different style of two-way valve 2124. The valve housing member 2001 also includes
the control dial 2012, which controls the tidal volume of the expandable bag (not
shown) and the PIP inverted wells 2112, 2114, 2116, 2118. Further shown is the
internal threads 2120 which dictates the amount that the two-way valve 2124 is
allowed to move, and provides PEEP.

[0203] FIG. 33 illustrates the valve housing member 2001 and indicating a
direction that air flows. Air flow follows the path A from the inflatable bag (not shown)
through the bag connection member 2030, into the valve housing member 2001,
through the mask connection member 2006, and eventually to the patient through a
mask (not shown).

[0204] Upon expiration, the patient exhales, and the air follows path B. The

exhaled air moves back through the mask connection member 2006 and out through
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an opening created by moving the two-way valve within the valve housing member
2001.

[0205] FIG. 34 shows the location of the PIP override tab 2020, when viewed
through the valve housing member 2001. As described above, the PIP override tab
2020 has a tab (not shown), a rod (not shown) connecting to a concentric spring
mechanism (not shown). An end 2608 of the rod has a circular shape that mates with
a corresponding shape of the PIP mechanism (not shown).

[0206] FIG. 35 illustrates an exploded view of the valve housing member 2001. The
control dial 2012 is located at an end of the valve housing member 2001; however,
the exact location of the control dial 2012 is variable. As the control dial 2012 rotates
it communicates with one of the inverted wells 2112, 2114, 2116, 2118, which
correspond to a predetermined PIP value. A spring (not shown) maintains the control
dial 2012 in the correct position, such that to turn the control dial 2012 the strength of
the spring must be overcome.

[0207] The control dial 2012 also controls the tidal volume provided by the
expandable bag. The control dial 2012 includes a tidal volume controller that
communicates with the first side panel 2002a and the second side panel 2002b to
control the width at which the panels are allowed to expand. In a first configuration, a
tidal volume controller has an octagonal shape (four pairs of settings) that restrict the
width that the first side panel 2002a and the second side panel 2002b are allowed to
expand. A hinge located with the expandable bag 2004 forces the first side panel
2002a and the second side panel 2002b to open, and the tidal volume controller
determines how much the first side panel 2002a and the second side panel 202b are
allowed to open.

[0208] In an alternative configuration, the tidal volume controller restricts the
width that the first side panel 2002a and the second side panel 2002b are allowed to
close relative to each other. The hinge located with the expandable bag 204 forces the
first side panel 2002a and the second side panel 2002b to open, and the tidal volume
controller determines how much the first side panel 2002a and the second side panel
2002b are allowed to close when being compressed by a user.

[0209] The bag connection member 2030 includes a valve 2031 that only allows air

to from the expandable bag to the valve housing member 2001. The valve 2031
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prevents any backflow of air from the valve housing member 2001 into the
expandable bag. In an embodiment, the valve 2031 is an umbrella valve.

[0210] The two-way valve 2124 allows air to flow to the patient from the valve
housing member 2001 in a first direction and forces exhaled air from the patient to
exhaust into the periphery. As shown, the PEEP dial 2010 is located within an internal
thread 2120, and the extent to which the lifting piece 2125 is allowed to move
vertically within the valve housing member 2001 is dictated by the location of the
PEEP dial 2010 along the internal thread 2120. In an embodiment as shown, the two-
way valve 2124 is a duck-billed valve, and in alternative embodiments, the two-way
valve 2124 may be an umbrella valve.

[0211] The PEEP dial 2010 surrounds the location of the two-way valve 2124. The
PEEP dial 2010 is capable of being turned by a user to a desired PEEP value, which
corresponds to amount of tension between the lifting piece 2125 and the two-way
valve 2124. The force required by exhaled air to move the two-way valve 2124 off of
the lifting piece 2125 corresponds to the PEEP value selected.

[0212] The two-way valve 2124 also prevents backflow of fluids into the valve
housing member 2001. The two-way valve 2124 prevents fluid from entering the valve
housing member 2001 and directs fluid out of the valve housing member 2001, similar
to the direction air flows as a result of the PEEP setting

[0213] FIG. 36 shows the expandable bag device 2000 with the expandable bag
2004 in an expanded configuration. The first side panel 2002a includes the air intake
mechanism 2040. The air intake mechanism 2040 includes an oxygen inlet port 2042,
an oxygen exhaust valve 2044, an air inlet valve 2046, a bellows inlet valve (not
shown), and a hyperventilation override slide 2048.

[0214] The oxygen inlet port 2042 is capable of connecting to an oxygen source, to
provide oxygen to the expandable bag. The oxygen exhaust valve 2044 vents excess
oxygen from the air intake mechanism 2040 to the periphery when the pressure
within the air intake mechanism 2040 is too high. The air inlet valve 2046 allows
ambient air to enter the air intake mechanism 2040, and ultimately into the
expandable bag 2004 via one or more adjustable apertures (not shown).

[0215] FIG. 37 illustrates a cutout side view of the air intake mechanism 2040. An

inlet pressure valve 2050 allows external air to enter the inflatable bag from the
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interior of the air intake mechanism 2040. The inlet pressure valve 2050 is an umbrella
valve. The air may be external ambient air or a combination of ambient air and
oxygen. Ambient air enters the air intake mechanism 2040 through an air inlet valve
2046, and oxygen enters the air intake mechanism 2040 through an oxygen inlet port
(not shown). The air inlet valve 2046 is also an umbrella valve.

[0216] The air intake mechanism 2040 includes the oxygen inlet port (not shown)
to control the proportion of oxygen entering the inflatable bag. In use, oxygen flows
into the air intake mechanism 2040 at a rate specified on the oxygen tank, which is
usually between 10-15 L/min. The pressure from the oxygen inlet port 2042,
combined with the atmospheric pressure, creates a pressure differential between the
air intake mechanism 2040 and the expandable bag 2004. Oxygenated air will fill the
expandable bag 2004 if the pressure is above that of the inlet pressure valve 2050 and
less than the oxygen exhaust valve 2044.

[0217] In an embodiment, the flow rate from the oxygen tank is high (for example
10-15 L/min) and the cracking pressure for the oxygen exhaust valve 2044 is kept low
to limit the pressure differential created by oxygen flowing into the air intake
mechanism 2040.

[0218] The air intake mechanism 2040 allows the expandable bag 2004 to fill with
oxygen at a consistent flow rate no matter the flow rate from the oxygen tank. The air
intake mechanism 2040 also provides for a consistent inflation rate for the expandable
bag 2004, no matter the source of the air (straight ambient air, pure oxygen, or a
mixture of ambient air and oxygen).

[0219] In a further embodiment, the air intake mechanism 2040 includes the
override slide 2048. The override slide 2048 may be a sliding wheel, a cinch threading
mechanism, two sliding plates, or a push button mechanism. The override slide 2048
may be used to allow for hyperventilation by controlling the size of the plurality of
adjustable apertures (not shown) that allow air to enter the expandable bag 2004. In
an embodiment, the override slide 2048 aligns an aperture on side panel 2002a with a
corresponding aperture on the override slide 2048. This slide may be a barrel valve or
other mechanism which allows for one or more aperture sizes and thus one or more
inflation rates of the expandable bag 2004 between a fully restricted (slow) rate and a

fully open (fast) rate.
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[0220] FIG. 38 illustrates a top view of the expandable bag device 2000 in a
compressed configuration. The first side panel 2002a and the second side panel 2002b
are generally parallel to each other, with the expandable bag 2004 located there
between.

[0221] FIG. 39 illustrates a partial cutaway view of the valve housing member 2001
highlighting the bag connection member 2030. Air flow from the expandable bag 2004
through a valve 2131 in the bag connection member 2030 and into the valve housing
member 2001. The valve 2131 prevents air from flowing from the valve housing
member 2001 back into the expandable bag 2004.

[0222] FIG. 40 illustrates an exploded view of the air intake mechanism 2040 and
the expandable bag 2004. Ambient air enters the air intake mechanism 2040 through
an air inlet valve 2046, and oxygen enters the air intake mechanism 2040 through an
oxygen inlet port 2042. The ambient air and the oxygen mix within the air intake
mechanism 2040 and enter the expandable bag 2004 via one or more apertures
2158a, 2158b, the size and number of which are opened to the expandable bag 2004
are controlled by the override slide 2048.

[0223] The air intake mechanism 2040 includes the oxygen inlet port 2042 which
provides the flow of oxygen with the atmospheric air through the air intake
mechanism 2040. The oxygen inlet port 2042 only allows oxygen to flow into the air
intake mechanism 2040.

[0224] The oxygen exhaust valve 2044 vents excess oxygen into the atmosphere,
so it does not enter the expandable bag 2004 and allows for consistent filling times of
the expandable bag 2004 regardless of oxygen flow rates from the oxygen source into
the air intake mechanism. The override slide 2048 controls an aperture covering
mechanism 2052 that determines either the size or the number of apertures 2158 that
air is allowed to enter the expandable bag 2004 from the air intake mechanism 2040.
[0225] FIG. 41 illustrates a cutaway bottom view of the valve connection member
2001 highlighting the control dial 2012. The control dial 2012 extends around an
exterior of the valve housing member 2001. The control dial 2012 comprises the tidal
volume controller that has an octagonal shape (four pairs of settings 2202a, 2202b,
2204a, 2204b, 2206a, 2206b, 2208a, 2208b) that restrict the width that the first side

panel 2002a and the second side panel 2002b are allowed to expand
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[0226] FIG. 42 illustrates a view of the expandable bag in an expanded
configuration. As shown, an end 2154 of the expandable bag 2004 opposite the valve
housing member 2001 expands more than an end 2156 adjacent the valve housing
member 2001. In the embodiment shown, the air intake mechanism 2040 is located
near the end 2154 of the side panel; however, the air intake mechanism 2040 may be
located in other places in fluid communication with the expandable bag 2004.

[0227] FIGS. 43-45 illustrates an embodiment of the air intake mechanism 2040
with the slide in various positions. FIG. 43 illustrates an embodiment of the air intake
mechanism with the slide in a first position. FIG. 44 illustrates an embodiment of the
air intake mechanism with the slide in a second position. FIG. 45 illustrates an
embodiment of the air intake mechanism with the slide in a third position.

[0228] Each position of the override slide 2048 corresponds to a different flow
rate from the air intake mechanism 2040 to the expandable bag 2004. The first
position of the override slide 2048 allows for air to flow into the expandable bag 2004
at a first rate, the second position of the override slide 2048 allows for air to flow into
the expandable bag 2004 at a second rate, and the third position of the override slide
20438 allows for air to flow into the expandable bag 2004 at a third rate.

[0229] FIGS. 46A-49B illustrate another alternative embodiment of an expandable
bag device 3000 whose configuration and operation generally corresponds to the
configuration of expandable bag device 2000 with exceptions noted below. However,
it should be noted that different features in each of the expandable bag device
embodiments 1000, 2000, 3000 can be utilized in any of other expandable bag device
embodiments without departing from the spirit or scope of the invention.

[0230] FIG. 46A shows the expandable bag device 3000 including an expandable
bag 3004 located between a first side panel 3002a and a second side panel 3002b.
The expandable bag device 3000 also includes a valve housing member 3001
extending from a first end of the first and second side panels 3002a, 3002b. The valve
housing member 3001 may be attached to any type and size of mask or other patient
breathing interface device, such as an endotracheal tube or laryngeal mask airway.
[0231] The first side panel 3002a and the expandable bag 3004 also include an air
intake mechanism 3040. Air intake mechanism 3040 generally corresponds to and

operates similarly to air intake mechanism 2040 of the expandable airbag device 2000
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in that the air intake mechanism 3040 includes an exhaust valve 3044, an air inlet
valve 3046, and a compressed gas inlet port 3042. However, the air intake mechanism
3040 of FIG. 46A additionally includes a mechanical inflation adjustment control
device 3041 to adjust the flow rate of a compressed gas or gases (e.g., oxygen, helium,
etc.) or of ambient air into the expandable bag 3004 through one or more apertures,
e.g., apertures 2158a, 2158b (see FIG. 40) being supplied. The inflation adjustment
control device 3041 adjusts the size of one or more apertures 3043 to one or more
smaller size apertures 3043, which decrease the flow rate of the compressed
gas/ambient air into the expandable bag 3004 resulting in a slower inflation time of
the expandable airbag device 3000, and to one or more larger size apertures 3043,
which increase the flow rate of the compressed gas/ambient air into the expandable
bag 3004 resulting in a faster inflation time of the expandable airbag device 3000.
[0232] In certain embodiments, the air intake mechanism 3040 additionally
includes a blocking cap 3045 that can be used to plug, or close off, the exhaust valve
3044. A blocking of the exhaust valve 3044 can assist the expandable bag device 3000
to provide Continuous Positive Airway Pressure (CPAP) when: (a) the expandable bag
device 3000 is connected to compressed gas supply via compressed gas inlet port
3042; and (b) the PEEP valve 3020 is engaged. CPAP is a desirable feature when a
patient utilizing the expandable bag device 3000 is already breathing. In certain
embodiments, a blocking of the exhaust valve 3044 is not needed for the expandable
bag device to provide CPAP, rather only items (a) and (b) are needed.

[0233] In certain embodiments, the air intake mechanism 3040 excludes one or
both of the exhaust valve 3044 and the compressed gas inlet port 3042 for simplified
construction.

[0234] The first and second side panels 3002a, 3002b of the expandable bag 3004
are of a stiffer material than that of the expandable bag 3004 allowing a user to hold
the side panels 3002a, 3002b to compress the expandable bag 3004. The first and
second side panels 3002a, 3002b, additionally include ergonomic recesses 3003, that
are preferably textured, to accommodate a user’s hand for singled-handed use of the
expandable bag device 3000. The single-handed use includes performing

compressions/decompressions of the expandable bag device 3000 while maintaining,
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with the expandable bag device 3000, a seal about a patient’s mouth; dual-handed
use of the expandable bag device 3000 is also possible.

[0235] Within the expandable bag 3004 proximate each side panel 3002a, 3002b
is provided an internal stop (see 3083a, 3083b of FIG. 52). During a full compression
of the expandable bag device 3000, the internal stops will meet providing an auditory
response (e.g., clicking sound, whistle, etc.) and/or a mechanical stopping point to
indicate to the user that a full compression of the expandable bag device 3000 has
occurred and to prevent delivery of imprecise volumes of air. In certain embodiments,
referring to FIGS. 57A-57B, the side panels 3002a, 3002b include interfacing contoured
edges 3005a, 3005b that operate as external stops to indicate a full compression of
the expandable bag device 3000. The contoured edges 3005a, 3005b alternatively, or
additionally, operate as an expandable bag distortion prevention feature that
prevents outward ballooning of one or more folds 3007 of the expandable bag 3004
thereby helping to favor evacuation of air from the expandable bag 3004 and into the
valve housing member 3001. The side panels 3002a, 3002b with contoured edges
3005a, 3005b also serve to completely enclose the expandable bag 3004 when the
side panels 3002a, 3002b are fully compressed to provide the expandable bag 3004
with a protective hard shell. Referring to FIG. 57C, alternatively, or in addition to the
contoured edges 3005a, 3005b, each of the side panels 3002a, 3002b includes one or
more tabs, 3009a, 3009b that extend over one or more folds 3007 of the expandable
bag 3004; the tabs 3009a, 3009b may serve as external stops and/or as a distortion
prevention feature for the folds 3007 of the expandable bag 3004. In certain
embodiments the contoured edges 3005a, 3005b and/or the tabs 3009a, 3009b are
presented at both an upper surface and a lower surface of the side panels.

[0236] In certain embodiments, the expandable bag device 3000 is equipped with
an adjustable timing mechanism (e.g., a timing light, an auditory notification, etc.) to
inform a user when a next compression/decompression should occur. For example, a
timing light is programmed to light every predetermined number of seconds with each
occurrence of light indicating another compression/decompression should occur. In
certain embodiments, the adjustable timing mechanism is pre-programmed to

accommodate different types of patients (e.g., child, baby, or adult).
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[0237] The valve housing member 3001 has been redesigned from the valve
housing member 2001 of the expandable bag 2000. The valve housing member 3001
includes a body portion that presents a patient breathing interface connection
member 3006, a mechanical PIP control device 3010, a mechanical tidal volume
control device 3012, a control device indicator 3014 including first and second
indicators 3016a, 3016b to indicate the position of the PIP control device 3010 and the
tidal volume control device 3012, a mechanical PEEP control device 3020 and one or
more pressure relief openings 3013a, 3013b. In certain embodiments, the tidal
volume control device 3012 is positioned perpendicularly to the PIP control device
3010 as shown, however, other positionings of the tidal volume control device 3012
relative to the PIP control device are also possible. It should be noted that while the
mechanical control devices 3010, 3012 and 3020 are illustrated as dials any other
suitable adjustable control device (e.g., multi-position switches, buttons, or levers,
etc.).

[0238] The PIP control device 3010 adjusts a length of a spring on an internal PIP
valve (see FIGS. 34-35 for additional detail) by turning about threads on a body of the
valve housing member 3001. Adjustment of this spring makes it possible to apply a
variable amount of downward pressure on the upper aspect of the PIP valve (not
shown). When the PIP valve is fully restricted, it will not allow venting of excess
pressure (simulating the infinite peak pressure that is sometimes needed during use).
Thus, an adjustment of PIP can modify the pressure at which excess pressure is vented
from inside the valve housing member 3001 through one or more of the pressure
openings 3013a, 30113b to the periphery. In certain embodiments, the PIP control
device 3010 includes indicia representative of a plurality of PIP settings, which
correspond to established PIP standards, to accommodate patients of different sizes.
For example, in one configuration, the PIP control device 3010 and underlying valve
may be calibrated and labeled with a plurality of PIP settings to accommodate one or
more of a baby, a child, or an adult while in another configuration the PIP control
device 3010 and underlying valve may be calibrated and labeled with a plurality of PIP
settings to accommodate all patients. The PIP control device 3010
increases/decreases pressure on an internal component that is lifted in order to vent

excess pressure to the periphery. Increasing the pressure on the internal component
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(done by compressing a spring on the internal component) raises the pressure needed
to vent. Decreasing the pressure on the internal component (done by lengthening the
spring) lowers the pressure on the internal component and allows it to vent more
readily.

[0239] The PEEP control device 3020 is turned to change the pressure required for
the patient to exhale and is described in further detail elsewhere herein including
details provided in reference to FIGS. 19, 20, 30 and 35. In certain embodiments, an
o-ring or other type of sealant is provided intermediate the PEEP control device 3020
the main body 3059 of the valve housing member 3001 to prevent patient exhalations
from escaping out a top edge of the PEEP control device 3020. By way of example,
FIG. 49B illustrates that the PEEP control device 3020 is capped with a PEEP indicator
ring 3069 that includes a sealing edge 3071 intermediate the PEEP control device 3020
the main body 3059 of the valve housing member 3001 to prevent the escape of
patient exhalations.

[0240] The tidal volume control device 3012 operates to adjust biasing member
projections 3081a, 3081b (see FIG. 51) that extend from the first and second side
panels 3002a, 3002b to control how widely the expandable bag 3004 expands; the
biasing member projections 3081a, 3081b project forward from the hinge pins 3070
that secure the first and second side panels 3002a, 3002b to the valve housing
member 3001. The tidal volume control device 3012 is equipped with two sets of
oppositely positioned cogs 3017 (see FIG. 46B). Within each set of cogs 3017, each
cog 3017 varies in depth from the next proximate cog 3017. Corresponding opposing
cogs 3017 are capable of interfacing corresponding biasing member projections 3081a
and 3081b, respectively, to provide a desired volume. In certain embodiments, rather
than presenting two sets of individually formed cogs with each proximate cog
increasing in depth, two opposing ramped surfaces 3018 as illustrated in FIG. 46C,
each of which gradually increases in depth, is provided. Each of the plurality of cogs
3017 (or position on the ramped surface 3018) corresponds to a different tidal volume
of air that will be delivered to a patient; a tidal volume scale 3019 reflective of the
tidal volume provided by each respective cog 3017 (or ramped surface 3018) is
provided on the tidal volume control device 3012. For example, the tidal volume scale

3019 may identify increments (each of which corresponds to a respective cog 3017 (or
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position on the ramped surface)) of tidal volume between those suitable for an infant
or child based on current resuscitation guidelines and/or suitable for an adult. In
certain embodiments, tidal volume is configured on a single expandable device 3000
for infants, children, and adults. In certain embodiments, the tidal volume control
device 3012 is additionally marked with color-coded indicia 3023 that correspond to
established standards used to determine the volumes of air needed for a patient
based on their length/height, weight, and/or age.

[0241] In certain embodiments, see FIGS. 47-49B, the expandable bag device 3000
includes a filter body 3050 that is fixedly or removably secured to the valve housing
member 3001. Inillustrated embodiment, the filter body 3050 is secured to the valve
housing member 3001 via the PEEP control device 3020. The filter body 3050 includes
a neck portion 3051 secured to a lower portion of the PEEP control device 3020 as
well as an annular filter-holding portion 3053. A central opening 3054 extends
through the filter body 3050 to accommodate its position about the patient breathing
interface connection member 3006. An annular bio/viral filter 3055 lies within the
annular filter-holding portion 3053 of the filter body 3050 to filter patient exhalations.
In certain embodiments, the bio/viral filter 3055 generates its own PEEP (or resistance
against exhalation). In certain embodiments, the filter body 3050 is detachable from
the expandable bag device 3000. The bio/viral filter 3055 lies within the filter body
3050 and serves to filter viruses and bacteria from patent exhalations.

[0242] Referring to FIGS 50A-50C, the filter body 3050 is equipped with an
exhalation port in the form of a luer lock 3056 that can be fixedly secured or
removably secured to the neck portion 3051 of the filter body. The luer lock 3056
includes a channel extending from a first end 3057 to a second end 3058. The first
end 3057 provides access to patient exhalations at a position above the filter 3055
such as at the interior of the neck portion 3051 while the second end 3058 extends
outward from the neck portion 3051. The second end 3058 is couplable by tubing to
an end-tidal CO2 monitor or other appropriate monitoring device. End-tidal CO»
monitoring provides a user operating the expandable bag device 3000 with insight
into the fraction of CO; present in a patient’s exhalations. A lower fraction of CO; can
provide an indication that a user operating the expandable bag device 3000 should

decrease device compressions/expansions while a high fraction of CO; can provide an
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indication that the user should increase device compressions/expansions. In certain
embodiments, when end-tidal CO; is not needed or is not available, the second end
3058 of the luer lock 3056 is capped with a removable cap.

[0243] In certain configurations, the expandable bag device 3000 is specifically
configured for pediatric (child and/or infant) applications and includes appropriately
configured components, e.g., dials, valves, and biasing members. In certain
configurations, the expandable bag device 3000 is specifically configured for adult
applications and includes appropriately configured components, e.g., dials, valves, and
biasing members. In certain configurations, a single expandable bag device is
configured for all types of patients.

[0244] Additional features of the expandable bag device 3000 can be appreciated
with respect to FIGS. 51-55B.

[0245] FIG. 51 provides an exploded view of the valve housing member 3001. As
shown the valve housing member 3001 includes a main body 3059 that interfaces with
the tidal volume control device 3012, the PIP control device 3010, and the PEEP
control device 3020. The PIP control device 3010, when secured to the main body
3059, engages an inner control device 3060 to compress/decompress one or both of
an outer spring 3061 and an inner spring 3062 to apply a variable amount of
downward pressure on the PIP valve 3063; the control device indicator 3014 indicates
the set positioning of the PIP control device 3010 and the tidal volume control device
3012; the control device indicator 3014 is supported by a ring 3014a positioned about
the main body 3059. The valve housing member 3001 additionally includes a backflow
valve 3064 and covering 3065 that interfaces with the main body 3059 to prevent a
back flow of air from the valve housing member 3001 into the expandable bag 3004.
Further, the valve housing member 3001 includes the PEEP control device 3020 that
interfaces with the main body 3059 and engages an inner PEEP control device 3066 to
compress/decompress a spring 3067 to exert pressure on a PEEP valve 3068 to control
the pressure required for a patient to exhale. The PEEP indicator ring 3069 is also
provided to indicate the setting of the PEEP. First and second side pins 3070a, 3070b
act as hinges to connect the valve housing member 3001 to the first and second side

panels 3002a, 3002b. In certain embodiments the PEEP indicator ring 3069 is distinct

45



WO 2023/055407 PCT/US2021/061250

from the PEEP control device 3066 while in other embodiments the PEEP indicator
ring 3069 is unitary with the PEEP control device 3066.

[0246] FIG. 52 provides an exploded view of a rear portion 3080 of the expandable
bag device 3000 beyond the valve housing member 3001. As shown the rear portion
3080 includes the expandable bag 3004, having a funnel portion 3004a, as well as first
and second side panels 3002a, 3002b, which include forward narrowed projections
3081a, 3081b. First and second rings 3082a, 3082b serve to clamp the expandable
bag 3004 to inner projections 3083a and 3083b of the first and second side panels
3002a, 3002b; the inner projections 3083a, 3083b serve as stops to one another
providing an indication to the user when the expandable bag has been fully
compressed. The rear portion 3080 of the expandable bag device 3000 additionally
includes the air intake mechanism 3040 which includes a cover portion 3040a
incorporating the compressed gas inlet port 3042 as well as an opening 3040b to the
air inlet valve 3046 and an opening 3040c to the exhaust valve 3044; a pin 3040d is
provided for securing the blocking cap 3045. The cover portion 3040a of the air intake
mechanism is secured to a body portion 3041a of the inflation adjustment control
device 3041. The body portion 3041a contains one or more apertures 3041b to adjust
a flow rate of compressed gas or ambient air into the expandable bag 3004 through
interior valve 3084 which is positioned over the apertures 3041b. FIGS. 53 and 54
provide additional insight into the configuration of the expandable bag device 3000 by
illustrating a rear view of the assembled expandable bag device 3000 with the
expandable bag 3004 removed, FIG. 53, and with the expandable bag 3004 present,
FIG. 54.

[0247] FIGS. 55A-55B illustrate the expandable bag device 3000 with a removable
PEEP lock 3090 secured about the main body 3059 of the valve housing member 3001
proximate the PEEP control device 3020. When secured about the main body 3059,
the PEEP lock 3090 prevents movement/adjustment of the PEEP control device 3020
and keeps the PEEP value at zero. Removal of the PEEP lock 3090, by pulling on tab
3091, permits adjustment of the PEEP control device 3020 and a corresponding
increase in the PEEP value.

[0248] As mentioned herein, the expandable bag device 3000 can include internal

projections 3083a, 3083b (see FIG. 52) that serve as internal stops that meet during a
46



WO 2023/055407 PCT/US2021/061250

full compression of the expandable bag device 3000 and provide an auditory response
(e.g., clicking sound, whistle, etc.) and/or a mechanical stopping point to indicate to
the user that a full compression of the expandable bag device 3000 has occurred and
to prevent delivery of imprecise volumes of air. In certain embodiments, with
reference to FIGS. 56A-56B, the expandable bag device 3000 additionally or
alternatively includes a projecting external stop 3092 on each of the first and second
side panels 3002a, 3002b. Each of the projecting external stops 3092 interface with a
recess 3093 formed in the ring 3014a of the control device indicator 3014 during
compression of the expandable bag device 3000 to prevent further compression or
over-compression of the expandable bag device and prevent delivery of imprecise air
volumes.

[0249] The respiratory devices described herein provide respiratory support to a
patient through an expandable bag that is fluidly connected to a valve housing via an
inlet having a central axis. The respiratory support is delivered to the patient through
an outlet of the valve housing where the outlet has a central axis that is perpendicular
to the central axis of the inlet.

[0250] The description and illustration of one or more embodiments provided in
this application are not intended to limit or restrict the scope of the invention as
claimed in any way. The embodiments, examples, and details provided in this
application are considered sufficient to convey possession and enable others to make
and use the best mode of claimed invention. The claimed invention should not be
construed as being limited to any embodiment, example, or detail provided in this
application. Regardless of whether shown and described in combination or separately,
the various features (both structural and methodological) are intended to be
selectively included or omitted to produce an embodiment with a particular set of
features. Having been provided with the description and illustration of the present
application, one skilled in the art may envision variations, modifications, and alternate
embodiments falling within the spirit of the broader aspects of the claimed invention
and the general inventive concept embodied in this application that do not depart

from the broader scope.
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CLAIMS:

1. A respiratory device for providing respiratory support to a patient, the respiratory

device comprising:

an expandable bag having an air inlet valve and having first and second sides
bounded, respectively, by first and second rigid side panels, each of the first and

second rigid side panels including a biasing member projection; and

a rigid valve housing in fluid communication with the expandable bag, the rigid
valve housing including an adjustable tidal volume control device that interfaces with
the biasing member projection of each of the first and second rigid side panels to set
one of a plurality of predetermined tidal volumes for the expandable bagin an
uncompressed or compressed configuration, the rigid valve housing additionally

including a patient breathing interface connection member.

2. The respiratory device of claim 1, wherein the adjustable tidal volume control
presents a first surface of varying depth and an opposing second surface of varying
depth to respectively interface with the biasing member projection of each of the first

and second rigid side panels.

3. The respiratory device of claim 1, wherein the adjustable tidal volume control
device is mounted to a body portion of the rigid valve housing and wherein the

respiratory device further comprises:

an adjustable Peak Inspiratory Pressure (PIP) mechanism that is maintained

within the body portion; and

an adjustable PIP control device that is independently mounted to the body
portion and adjusts the PIP mechanism to provide a predetermined peak inspiratory

pressure value.

4. The respiratory device of claim 1, wherein the adjustable tidal volume control
device is mounted to a body portion of the rigid valve housing and wherein the

respiratory device further comprises:
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a two-way valve maintained within the body portion that allows air to move
from the expandable bag in a first direction through a first portion of the two-way
valve and that directs air in an opposing direction through a second portion of the

two-way valve to create Positive End Expiratory Pressure (PEEP); and

an adjustable PEEP control device that is independently mounted to the body

portion and adjusts the two-way valve to provide a predetermined PEEP.
5. The respiratory device of claim 3, further comprising:

a two-way valve maintained within the body portion that allows air to move
from the expandable bag in a first direction through a first portion of the two-way
valve and that directs air in an opposing direction through a second portion of the

two-way valve to create Positive End Expiratory Pressure (PEEP); and

an adjustable PEEP control device that is independently mounted to the body

portion and adjusts the two-way valve to provide a predetermined PEEP.

6. The respiratory device of 1, wherein the adjustable tidal volume control device is
labeled with indicia that corresponds to established standards used to determine

volumes of air needed for a patient based on their length, weight, and/or age.

7. The respiratory device of 3, wherein the adjustable PIP control device is labeled

with indicia that corresponds to established PIP standards.

8. The respiratory device of claim 1, further comprising first and second hinge pins
that hingedly secure the first and second rigid side panels, respectively, to the rigid

valve housing.

9. The respiratory device of claim 8, wherein the biasing member projection of each
of the first and second rigid side panels is positioned forward of the respective hinge

pin.

10. The respiratory device of claim 1, wherein each of the first and second rigid side
panels includes an expandable bag distortion prevention feature comprising at least

one of: (a) contoured edges; and (b) tabs.
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11. The respiratory device of claim 1, wherein the first and second rigid side panels
include edges that completely enclose the expandable bag when the expandable bag

is fully compressed.

12. The respiratory device of claim 1, wherein each of the first and second rigid side
panels includes a stop feature that prevents over-compression of the respiratory

device, the stop feature comprising at least one of:

(a) a projecting external stop that interfaces with a ring positioned about the

rigid valve housing;

(b) an internal stop extending from an interior surface of the respective rigid
side panel, the internal stop of the first and second rigid side panel opposing one

another and contacting one another upon full compression of the respiratory device;

(c) a contour edge extending outward from an upper and/or lower surface of
the respective rigid side panel, the contour edge of the first and second rigid side
panel opposing one another and contacting one another upon full compression of the

respiratory device; and

(d) a tab extending outward from an upper and/or lower surface of the
respective rigid side panel, a portion of the tab of a respective one of the rigid side

panels interfacing with a portion of the other of the rigid side panels.

13. The respiratory device of claim 1, further comprising an inflation adjustment dial
to adjust a size of an aperture through which a compressed gas and/or ambient air

communicates with the expandable bag.

14. The respiratory device of claim 1, further comprising an exhaust valve and a
blocking cap, the blocking cap movable between two positions including a first
position where the exhaust valve is unblocked and a second position where the

exhaust valve is blocked.

15. The respiratory device of claim 12, wherein the respiratory device provides

Continuous Positive Airway Pressure (CPAP) upon both: (a) compressed gas being

50



WO 2023/055407 PCT/US2021/061250

supplied to the respiratory device via the compressed gas inlet port; and (b) the

adjustable PEEP control device being engaged.

16. The respiratory device of claim 1, wherein each of the first and second rigid side
panels includes a textured ergonomic recess for single-handed operation of the

respiratory device.

17. The respiratory device of claim 4, further comprising a filter body secured to at
least one of: (a) the rigid valve housing; and (b) the PEEP control device, the filter body

including a bio/viral filter that filters patient exhalations exiting the respiratory device.

18. The respiratory device of claim 17, wherein the filter body includes an exhalation

port that is couplable to an end-tidal CO, monitor.

19. The respiratory device of claim 17, wherein the bio/viral filter generates its own

PEEP.

20. The respiratory device of claim 4, further comprising a removable PEEP lock
removably secured to the main body of the rigid valve housing, wherein the PEEP lock

maintains a PEEP of zero and prevents adjustment of the PEEP control device.

21. The respiratory device of claim 4, further comprising a seal intermediate the main

body of the rigid valve housing and the adjustable PEEP control device.

22. A valve housing portion for use in providing respiratory support to a patient, the

valve housing portion comprising:
a body portion connectable to a patient breathing interface;

an adjustable Peak Inspiratory Pressure (PIP) mechanism within the body

portion;

a two-way valve within the body portion that allows air to move from the
expandable bag in a first direction through a first portion of the two-way valve and
that directs air in an opposing direction through a second portion of the two-way

valve to create Positive End-Expiratory Pressure (PEEP);
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a first adjustable control device mounted to the body portion that adjusts the

PIP mechanism to provide a predetermined peak inspiratory pressure;

a second adjustable control device mounted to the body portion that adjusts a

tidal volume of the expandable bag to provide a predetermined tidal volume; and

a third adjustable control device mounted to the body portion that adjusts the

two-way valve to provide a predetermined PEEP,

wherein each of the first, second and third adjustable control devices are

mounted independently of one another.

23. The valve housing portion of claim 22, further comprising a filter body secured to

at least one of (a) the valve housing; and (b) the third adjustable control device.

24. The valve housing portion of claim 23, wherein the filter body includes an

exhalation port that is couplable to an end-tidal CO, monitor.

25. The valve housing portion of claim 22, wherein the filter body includes a bio/viral

filter that filters patient exhalations.

26. The valve housing portion of claim 22, wherein the second adjustable control
device is labeled with indicia that corresponds to established standards used to
determine volumes of air needed for a patient based on their length, weight, and/or
age, and/or wherein the first adjustable control device is labeled with indicia that

corresponds to established PIP standards.

27. The valve housing portion of claim 22, wherein the second adjustable control
device includes two identical sets of a plurality of cogs of varying depth providing the

adjustment of the second adjustable control device.

28. The valve housing portion of claim 22, wherein the second adjustable control
device includes two identical ramped surfaces of varying depth providing the

adjustment of the second adjustable control device.

29. The valve housing portion of claim 22, further comprising a removable PEEP lock

removably secured to the body portion of the valve housing portion, wherein the PEEP
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lock maintains a PEEP of zero and prevents adjustment of the third adjustable control

device.

30. The valve housing portion of claim 22, further comprising a single control device
indicator to indicate a set position of both the first adjustable control device and the

second adjustable control device.
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