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with exhaled air create an oscnlatory PE

fluid flow to the supply Iinlet does not occur, and the interrupter valve assembly interacts

P effect. In an active mode, fluid flow to the supply inlet occurs and the interrupter valve

assembly operates to create a CHFO effect. The respiratory dewce can serve as a passive osclllatory PEP device, and when

connected to a positive pressure source,

as an active device.
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(S7) Abstract: A respiratory therapy device including a housing and an interrupter valve assembly. The housing includes a patient

& !nlet, an exhaust outlet, a chamber, and a supply inlet. The interrupter valve assembly is associated with the housing and includes
& a control port fluidly connecting the patient inlet and the first chamber, and a valve body adapted to selectively obstruct fluid flow
e through the control port. In a passive mode, positive fluid flow to the supply inlet does not occur, and the interrupter valve assembly

interacts with exhaled air create an oscillatory PEP effect. In an active mode, fluid flow to the supply inlet occurs and the interrupter

connected to a positive pressure source, as an active device.
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valve assembly operates to create a CHFO effect. The respiratory device can serve as a passive oscillatory PEP device, and when
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RESPIRATORY THERAPY DEVICE AND METHOD

Background of the Invention

The present disclosure relates to respiratory therapy devices and methods for
administering breathing-relating treatments (e.g., oscillatory, continuous, etc.) to a patient.
More particularly, it relates to respiratory therapy devices capable of creating oscillatory
respiratory pressure pulses in response to the patient’s expiratory airflow alone, or when
connected to a source of positive pressure fluid (e.g., air, oxygen, etc.), or both. One or more
additional therapies (e.g., continuous positive airway pressure, continuous positive expiratory
pressure, delivery of aerosolized medication, etc.) are optionally available in some

embodiments.

A wide variety of respiratory therapy devices are currently available for assisting,
treating, or improving a patient’s respiratory health. For example, positive airWay pressure
(PAP) has long been recognized to be an effective tool in promoting bronchial hygiene by
facilitating improved oxygenation, increased lung volumes, and reduced venous return in
patients with congestive heart failure. More recently, positive airway pressure has been
recognized as useful in promoting mobilization and clearance of secretions (e.g., mucous)
from a patient’s lungs. In this regard, expiratory positive airway pressure (EPAP) in the form
of high frequency oscillation (HFO) of the patient’s air column is a recognized technique that
facilitates secretion removal. In general terms, HFO reduces the viscosity of spufum in vitro,
which in turn has a positive effect on clearance induced by an in vifro stmulated cough. In
this regard, HFO can be delivered or created via a force applied to the patient’s chest wall
(1.e., chest physical therapy (CPT), such as an electrically driven pad that vibrates against the
patient’s chest), or by applying forces directly to the patient’s airway (i.e., breathing
treatment, such as high frequency airway oscillation). Many patients and caregivers prefer

the breathing treatment approach as it is less obtrusive and can more easily be administered.
To this end, PAP bronchial hygiene techniques have emerged as an effective alternative to

CPT for expanding the lungs and mobilizing secretions.

In the context of high frequency oscillatory breathing treatments, various devices are

available. In general terms, respiratory therapy devices typically include one or more tubular

21 -
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bodies through which a patient breaths, with the tubular body or bodies creating or defining a
patient breathing circuit. With this in mind, the oscillatory airflow effect can be created by
periodically generating a pressure or positive airflow in the patient breathing circuit during
one or both of an inspiratory phase or expiratory phase of the patient’s breathing cycle. For
example, a positive expiratory pressure (PEP) can work “against” the patient’s breath during
the expiratory phase of breathing. The pressure can be generated by creating a periodic (or in
some instances continuous) resistance or restriction in the patient breathing circuit to
expiratory airflow from the patient, or by introducing a forced fluid flow (from a positive
pressure gas source) into the patient’s breathing circuit in a direction opposite of the patient’s
exhaled air. With the airflow resistance approach, a separate, positive pressure gas Source 1s
not required. More particularly, many oscillatory positive expiratory pressure (“oscillatory
PEP”) therapy devices utilize the patient’s breath alone to drive an oscillatory fluid flow
restriction, and thus can be referred to as “passive” devices (in contrast to an “active”
respiratory therapy device that relies on a separate source of positive pressure gas as

described below). Passive oscillatory PEP devices are self-administering and portable.

The Flutter® mucus clearance device (available from Axcan Scandipharm Inc., of
Birmingham, AL), is one example of an available passive, oscillatory PEP therapy device. In
general terms, the Flutter device is pipe-shaped, with a steel ball i a “bowl” portion of a
housing that is loosely covered by a perforated cap. The ball is situated within an airway path
defined by the device’s housing; when the patient exhales into the housing, then, the ball
temporarily obstructs airflow, thus creating an expiratory positive airway pressure. The bowl
within which the ball is located allows the ball to repeatedly move (e.g., roll and/or bounce)
or flutter to create an oscillatory or vibrational resistance to the exhaled airflow. While
relatively inexpensive and viable, the Flutter device is fairly sensitive, requiring the patient to
maintain the device at a particular angle to achieve a consistent PEP effect. Other passive
oscillatory positive expiratory pressure devices, such as the Acapella® vibratory PEP therapy
system (available from Smiths Medical of London, England) and the Quake® secretion
clearance therapy device (available from Thayer Medical Corp., of Tucson, A7) are known
alternatives to the Flutter device, and purport to be less sensitive to the position in which the

patient holds the device during use. While these and other portable oscillatory PEP therapy
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devices are viable, opportunities for improvement remain, and patients continue to desire

more uniform oscillatory PEP results.

As an alternative to the passive oscillatory PEP devices described above, continuous
high frequency oscillatory (CHFO) treatment systems are also available. In general terms,
the CHFO system includes a hand-held device establishing a patient breathing circuit to
which a source of positive pressure gas (e.g., air, oxygen, efc.), 1s fluudly connected. The
pressure source and/or the device further include appropriate mechanisms (e.g., control
valves provided as part of a driver umt apart from the hand-held device) that effectuate
intermittent flow of gas into the patient breathing circuit, and thus percussive ventilation of
the patient’s lungs. With this approach, the patient breathes through a mouthpiece that
delivers high-flow, “mini-bursts” of gas. During these percussive bursts, a continuous
airway pressure above ambient is maintained while the pulsatile percussive airflow
periodically increases airway pressure. Each percussive cycle can be programmed by the
patient or caregiver with certain systems, and can be used throughout both inspiratory and

expiratory phases of the breathing cycle.

Examples of CHFO devices include.the I[PV® ventilator device (from PercussionAire
Corp., of Sandpoint, ID) and a PercussiveNeb™ system (from Vortran Medical Technology
1, Inc., of Sacramento, CA). These and other similar “active” systems are readily capable of
providing not only CHFO treatments, but also other positive airflow modes of operation (e.g.,
continuous positive airway pressure (CPAP)). | However, a positive pressure source 1s
required, such that available active respiratory therapy systems are not readily’portable, and
are relatively expensive (especially as compared to the passive oscillatory PEP devices
described above). Oftentimes, then, active respiratory treatment systems are only available at
the caregiver’s facility, and the patient is unable to continue the respiratory therapy at home.
Instead, a separate device, such as a portable, passive oscillatory PEP device as described
above must also be provided. Further, the hand-held portion of some conventional active

respiratory therapy systems must be connected to an appropriate driver unit that in turn is
programmed to effectuate the desired fluid flow to the patient (e.g., CHFO, CPAP, etc.).
That 1s to say, the hand-held portion of some active systems is not self-operating, but instead

relies on the driver unit for applications. Any efforts to address these and other limitations of
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available active respiratory therapy devices would be well-received. This limitation

represents a significant drawback.

In light of the above, a need exists for respiratory devices capable of providing
oscillatory PEP therapy utilizing the patient’s breath alone, as well as CHFO therapy (and
optionally other therapies such as CPAP) when connected to a positive pressure source. In
addition, improved passive o'scillatory PEP or active respiratory therapy devices are also

needed.

Summary of the Invention

Some aspects in accordance with principles of the present disclosure relate to a device
for providing respiratory therapy to a patient during at least a portion of a patient breathing
cycle otherwise including an inspiratory phase and an expiratory phase. The device includes
a housing and an interrupter valve assembly. The housing includes a patient inlet, an exhaust
outlet, a chamber, and a pressurized fluid supply inlet. The chamber is fluidly disposed
between the patient inlet and the exhaust outlet. The interrupter valve assembly 1s associated
with the housing and includes a control port fluidly connecting the patient inlet and the
chamber. Further, the interrupter valve assembly includes a valve body adapted to selectively
obstruct fluid flow through the control port. With this in mind, the device is adapted to
operate in a first, passive mode and a second, active mode. In the passive mode, positive
airflow to the supply inlet does not occur. The interrupter valve assembly interacts with
exhaled air from the patient to create an oscillatory positive expiratory pressure effect during
at least the expiratory phase. Conversely, in the active mode, positive fluid flow to the fluid
supply inlet occurs and the interrupter valve assembly interacts with this fluid flow to create a
continubus high frequency oscillation effect. With this configuration, then, the respiratory
device can serve as a passive, oscillatory PEP device for use by a patient at virtually any
location. In addition, when connected to a positive pressure gas source, the respiratory

therapy device provides active therapy. In some embodiments, the interrupter valve assembly

includes a drive mechanism akin to a reverse roots blower, utilizing forced air (e.g., either the

patient’s exhaled airflow or airflow from a separate positive gas source) to cause rotation of

the roots blower lobes, that in turn cause the valve body to periodically open and close the
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confrol port. In other embodiments, the device can provide or facilitate one or more

additional therapies such as continuous PEP, CPAP, delivery of aerosolized medication, etc.

Other aspects in accordance with the present disclosure relate to a method of
providing respiratory therapy to a patient during at least a portion of a patient breathing cycle
including an inspiratory phase and an expiratory phase. The method includes providing a
respiratory therapy device including a housing and an interrupter valve assembly. The
housing mcludes a patient inlet, an exhaust outlet, and a pressurized fluid supply inlet. The
interrupter valve assembly is adapted to selectively interrupt fluid flow to or from the patient
inlet. A source of pressurized fluid 1s fluidly coupled to the fluid supply inlet. Continuous
high frequency oscillation treatment is administered to the patient via the therapy device, with
the therapy device operating in an active mode. Flwid flow from the source of pressurized
fluid to the fluid supply inlet is discontinued. The patient is then prompted to repeatedly
perform a patient breathing cycle using the therapy device. In this regard, the therapy device
admimisters an oscillatory positive expiratory pressure treatment to the patient while
operating 1n a passive mode. In some embodiments, the passive mode of operation is
characterized by the level of oscillatory positive expiratory pressure treatment being a
function of a breathing effort of the patient, whereas the active mode of operation is
characterized by a level of continuous high frequency oscillation treatment being independent
of the patient’s breathing effort. In yet other embodiments, the method further includes
administering one or more additional therapies to the patient via the device, such as CPAP,

continuous PEP, delivery of aerosolized medication, etc.

Brief Description of the Drawings

FIG. 1 1s a block diagram illustrating a respiratory therapy device in accordance with

principles of the present disclosure;

FIG. 2 1s an exploded, perspective view of a respiratory therapy device in accordance

with principles of the present disclosure;
FIG. 3A 1s a perspective view of a housing portion of the device of FIG. 2;

FIG. 3B 1s a bottom view of the housing of FIG. 3A;
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FIG. 4A is a longitudinal, cross-sectional view of the housing of FIG. 3A taken along
a patient supply inlet;

FIG. 4B is a rear, perspective view of a leading portion of the housing of FIG. 3A;

FIG. 4C is a longitudinal, cross-sectional view of the housing of FIG. 3A taken along
a drive supply inlet;

FIG. 5A is an exploded, perspective view of a drive mechanism portion of the device
of FIG. 2;

FIG. 5B is a perspective view of the drive mechanism of FIG. 5A upon final

assembly;

FIG. 6A is a perspective view illustrating partial assembly of the device of FIG. 2;

FIG. 6B is a longitudinal, cress-sectional view of the device of FIG. 2 upon final

assembly, taken along a patient supply inlet;
FIGS. 7A and 7B illustrate use of the device of FIG. 2 in a passtve mode;
FIGS. 8A-8C illustrate use of the device of FIG. 2 in an active mode;

FIG. 9 is an exploded, perspective view of an alternative respiratory therapy device in

accordance with principles of the present invention;
FIG. 10 is a front, plan view of a trailing housing portion of the device of FIG. 9;

FIG. 11 is a perspective, cutaway view of a portion of the device of FIG. 9 upon final

assembly;

FIG. 12 is a exploded, perspective view illustrating assembly of the device of FIG. 9;

FIG. 13A is a perspective view of the device of FIG. 9;

FIG. 13B is a longitudinal, perspective View of the device of FIG. 9;
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FIGS. 14A and 14B illustrate use of the device of FIG. 9 in which airflow passes from

a patient inlet to a chamber;

FIGS. 15A and 15B illustrate use of the device of FIG. 9 in which airflow 1S

obstructed from a patient inlet to a chamber;

FIG. 16 is a simplified, side sectional view of an alternative respiratory therapy device

in accordance with principles of the present disclosure;

FIG. 17 1s an exploded, perspective view of another embodiment respiratory therapy

device in accordance with principles of the present disclosure;
FIG. 18A is a longitudinal, cross-sectional view of the device of FIG. 17;

FIG. 18B is an enlarged view of a portion of FIG. 18A;

FIGS. 19A and 19B illustrate use of the device of FIG. 17,

FIG. 20 is a schematic illustration of an interrupter valve assembly useful with the

device of FIG. 17;

FIGS. 21A and 21B are simplified, schematic illustrations of an alternative interrupter

valve assembly useful with the device of FIG. 17;

FIG. 22 is a longitudinal, cross-sectional view of another embodiment respiratory

therapy device in accordance with principles of the present disclosure;

FIG. 23A is an exploded, perspective view of another embodiment respiratory therapy

device in accordance with principles of the present disclosure;

FIG. 23B is a perspective, cutaway view of the device of FIG. 23A upon final

assembly;

FIG. 24 is an enlarged, perspective view of an orifice assembly portion of the device

of FIG. 23A;
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FIG. 25is a schematic, electrical diagram of control circuitry useful with the device of
FIG. 23A;

FIGS. 26A and 26B illustrate the device of FIG. 23A upon final assembly;
FIGS. 27A and 27B illustrate use of the device of FIG. 23A; and |

FIG. 28 is a longitudinal, cross-sectional view of another embodiment respiratory

therapy device in accordance with principles of the present disclosure;

Detailed Description of the Invention

In general terms, aspects of the present disclosure relate to respiratory therapy devices
and related methods of use that are; 1) capable of operating in either of an active mode (e.g.,

CHFOQ) or a passive mode (e.g., oscillatory PEP); or 2) improved passive-only oscillatory

PEP devices; or 3) improved active-only devices (CHFO and/or CPAP). As used throu ghout

this specification, an “active” therapy device is in reference to a device that requires a
separate source of positive pressure fluid to effectuate a desi enated respiratory therapy,
whereas a “passive” therapy device is in reference to a device that delivers a designated
respiratory therapy in and of itself (i.e., a separate source of positive pressure fluid 1s not
necessary). Thus, an “active-only” therapy device is one that must be connected to a separate
source of positive pressure fluid. Conversely, a “péssive-only” therapy device is one that 1s
not configured to receive pressurized fluid from a separate source. Given these definitions,
several of the embodiments associated with this disclosure have base constructions
appropriate for passive-only, oscillatory PEP applications, as well as modified base
constructions that promote use of the device as either an oscillatory PEP therapy device or,
when fluidly connected to a source of pressurized fluid, as a CHFO therapy device. In yet
other embodiments, the base construction can be employed with an “active only” therapy
device that provides CHFO therapy (and, in some embodiments, other respiratory therapies
such as CPAP) when connected to a source of positive pressure fluid. With any of these

embodiments, optional features can be included to facilitate delivery of aerosolized

medication.
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With the above understanding in mind, FIG. 1 is a block diagram illustrating features

of a respiratory therapy device 30 in accordance with some aspects of the present disclosure.

‘In general terms, the respiratory therapy device 30 is adapted to operate in a passive mode

(e.g., oscillatory PEP) and an active mode (e.g., CHFO and optionally CPAP), and generally

“includes a housing 32 and an interrupter valve assembly 34. The housing 32 forms or

maintains a patient inlet 36, at least one chamber 38, an exhaust outlet 40, and at least one
pressurized fluid supply inlet 42. The interrupter valve assembly 34 includes at least one
control port 44 and a valve body 46. The control port(s) 44 fluidly connects the patient inlet
36 and the chamber 38, whereas the valve body 46 is adapted to selectively obstruct or
interrupt fluid flow through the control port(s) 44. Details on the various compoﬁents are
provided below. In general terms, however, by controlling or operating the valve body 46 to
selectively obstruct (partially or completely) the control port(s) 44, the interrupter valve
assembly 34 alters airflow/pressure characteristics to and/or from the patient inlet 36. For
example, where the supply inlet 42 is not connected to a separate source of pressurized fluid
48, as a patient (not shown) exhales into the patient inlet 36, the interrupter valve assembly
34 operates to periodically at least partially close the control port(s) 44, thereby establishing a
resistance to airflow or back pressure in the patient inlet 36. This periodic back pressure, in
turn, provides an oscillatory PEP therapy. In addition, when the supply inlet 42 is fluidly
connected to the pressurized fluid source 48, the interrupter valve assembly 34 operates to
periodically at least partially interrupt fluid flow from the supply inlet 42 to the patient inlet
36. This interrupted supply of pressure toward the patient serves as a CHFO therapy. As
described below, the device 30 can optionally include features that selectively disable all or a
portion of the interrupter valve assembly 34 in conjunction with the supply of pressurized

fluid to the supply inlet 42 in providing a CPAP therapy (either along or simultaneous with
CHFO therapy).

In light of the above, the respiratory therapy device 30 provides both active and
passive modes of operation, allowing the patient (not shown) to receive oscillatory PEP
treatments with the device 30 at virtually any location, as well as CHFO treatments (and
optionally other active treatments such as CPAP) when the patient is at a location at which
the pressurized fluid source 48 is available. The respiratory therapy device 30 can further be
configured to facilitate additional respiratory therapy treatments, such as delivery of
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aerosolized medication (for example via a nebulizer 50). The nebulizer 50 can be connected
to a port (not shown) provided by the housing 32, or can include an appropriate connection
piece (e.g., T-connector or line) that is fluidly connected to the housing 32 (e.g., to the patient
inlet 36) when desired. Finally, while the pressurized fluid source 48 is shown apart from the
housing 32, in other embodiments, thé pressurized fluid source 48 can be attached to, or

carried by, the housing 32 (e.g., a pressurized canister mounted to the housing 32).

With the above in mind, the respiratory therapy device 30 can assume a variety of
forms capable of operating in a passive mode (e.g., oscillatory PEP therapy) and an active
mode (e.g., CHFO therapy). One embodiment of a respiratory therapy device 60 providing
these features is shown in FIG. 2. The therapy device 60 generally includes a housing 62
(referenced generally) and an interrupter valve assembly 64 (referenced generally). The
housing 62 includes a leading section 66, a trailing section 68, and an end plate 69. The
leading section 66 defines a patient inlet 70, whereas the trailing section 68 defines a first
chamber 72, a second chamber (hidden in the view of FIG. 2), an exhaust outlet (hidden n
FIG. 2), and one or more supply inlets 74. The interrupter valve assembly 64 includes a plate
76 forming one or more control ports 78 (e.g., the control ports 78a, 78b), a valve body 80,
and a drive mechanism 82. Details on the various components are provided below. In
general terms, however, the drive mechanism 82 is retained within the second chamber of the
housing 62 and is assembled to the valve body 80 for causing rotation thereof. The valve

body 80, in turn, is located in close proximity to the control ports 78 such that rotation of the

valve body 80 selectively opens and closes (e.g., partial or complete obstruction) the control
ports 78 relative to the first chamber 72 and the patient inlet 70. Finally, the supply inlet(s)
74 are fluidly connected to distribution points within the housing 62. During use, and in a
passive mode of operation, the therapy device 60 generates oscillatory PEP via operation of
the drive mechanism 82 in response to the patient’s exhaled breath. In addition, the therapy
device 60 provides an active mode of operation in which the interrupter valve assembly 64
causes delivery of CHFO fluid flow to the patient inlet 70 in acting upon positive flmd flow
from the supply inlet(s) 74. In this regard, a control means 84 (referenced generally) can be

provided that facilitates operation of the therapy device 60 in a desired mode.

The housing 62 is shown in greater detail in FIGS. 3A and 3B upon final assembly.

The housing 62 is generally sized and shaped for convenient handling by a patient, with the
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leading section 66 forming a mouthpiece 86 sized for placement in the patient’s mouth and
through which the patient’s respiratory cycle interacts with the patient inlet 70. The
mouthpiece 86 can be integrally formed with one or more other component(s) of the housing

62, or can be separately formed and subsequently assembled thereto.

The housing 62 can form or define fluid flow features in addition to the supply inlets
74. For example, and as best shown 1n FIG. 3A, the trailing section 68 forms a slot 90 as part
of the control assembly 84 (FIG. 2). As described below, the control assembly 84 can
assume a variety of forms, but in some embodiments includes a body slidably disposed with

the slot 90. With alternative constructions, however, the slot 90 can be eliminated.

Relative to the top perspective view of FIG. 3A, the housing 62 can further form first
and. second relief port arrangements 92, 94. A third relief port arrangement 96 can also be
provided as shown in the bottom view of FIG. 3B. Finally, as best shown in FIG. 2, a fourth
relief port arrangement 98 is provided within an interior of the housing 62. Operation of the
therapy device 60 m connection with the relief port arrangements 92-98 is described in
greater detail below. In general terms, however, the relief port arrangements 92-98 each
include one or more apertures 99, and are adapted to maintain a valve structure (not shown),
such as a one-way umbrella valve, that permits fluid flow into or out of the aperture(s) 99 of
the corresponding port arrangement 92-98 in only a single direction. As such, the relief port
arrangements 92-98 can assume a variety of conﬁgurations differing from those illustrated.
Similarly, additional relief port arrangements can be provided, and in other embodiments one

or more of the relief port arrangements 92-98 can be eliminated.

Returning to FIG. 2, the supply inlets 74, otherwise carried or formed by the housing
02, include, 1n some embodiments, first and second patient supply inlets 74a, 74b, as well as
a drive Supply inlet 74c. The patient supply inlets 74a, 74b are fluidly connected to first and
second nozzles 100a, 100b, respectively, each positioned to direct fluid flow toward a

corresponding one of the control ports 78a, 78b (otherwise formed by the plate 76). A

relationship of the nozzles 100a, 100b and the control ports 78a, 78b relative to the internal

features of the housing 62 is provided below. It will be understood at the outset, however,

that while two of the control ports 78a, 78b are shown and described, in other embodiments,

one or three (or more) control ports are also acceptable. Similarly, a nozzle/patient supply
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inlet need not be provided for each of the control ports 78a, 78b (e.g., the patient supply inlet
74b/nozzle 100b can be eliminated), or two or more supply inlet/nozzles can be directed

toward a single one of the control ports 78. Even further, two or more supply inlets 74 can be

fluidly associated with a single nozzle 100.

With the above in mind, FIG. 4A is a longitudinal cross-sectional view of the housing
62 upon final assembly taken through the first patient supply inlet 74a. The leading portion
66, the trailing portion 68 and the end plate 69 are generally assembled to one another as
shown. As a point of reference, the view of FIG. 4A further illustrates the control means 84
in an open position relative to the housing 62, and reflects that the plate 76 can be an integral
component of the housing 62. Regardless, the housing 62 1s shown 1n FIG. 4A as defining
the first chamber 72, as well as a second chamber 101, and an exhaust chamber 102. The
first chamber 72 is defined, in part, by the plate 76 and an intermediate wall 104, with the
plate 76 fluidly separating the patient inlet 70 from the first chamber 72. In this regard, the
patient inlet 70 is fluidly connected to the first chamber 72 via the control ports 78 (it being
understood that only the ﬁrsf control port 78a is visible in FIG. 4A). The first chamber 72 1s
separated from the second chamber 101 by the intermediate wall 104, with flmd connection
between the chambers 72, 101 being provided by a passage 106. As described in greater
detail below, the passage 106 can be fluidly closed via operation of the control means 84.
Regardless, the second chamber 101 1s flmdly connected to the exhaust chamber 102 via an
outlet opening 108. The first chamber 72 is also fluidly connected to the exhaust chamber
102, via the fourth relief port arrangement 98. As a point of reference, FIG. 4A reflects that a
one-way valve structure 110 is associated with the fourth relief port 98 and is configured such
that fluid flow can only occur from the.first chamber 72 to the exhaust chamber 102. Finally,
the exhaust chamber 102 terminates at an exhaust outlet 112 that 1s otherwise open to

ambient.

With the above conventions in mind, the first nozzle 100a is positioned within the
first chamber 72, and includes or defines an inlet end 114 and an outlet end 116. The inlet
end 114 is fluidly connected to the first patient supply inlet 74a such that fluid flow through
the first patient supply inlet 74a is directed toward the outlet end 116. The outlet end 116, 1n
turn, is aligned with the first control port 78a so as to direct fluid flow from the first nozzle
100a to the first control port 78a. In some embodiments, the first nozzle 100a tapers 1n
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diameter from the inlet end 114 to the nozzle end 116, such that a jet-like fluid flow from the
first patient supply inlet 74a to the first control port 78a is established. In this regard,
ambient air can be entrained into the fluid flow from the nozzle 100a (as well as the nozzle
100b) via the second reltef port arrangement 94. A one-way valve structure 118 is illustrated
in FIG. 4A as applied to the relief port arrangement 94, and dictates that ambient air can only
enter the first chamber 72 (and thus the nozzle 100 fluid flow). Though not shown, operation
of the valve structure 118 can be further controlled by a confrol mechanism that serves to
selectively maintain the valve structure 118 n a closed state (e.g., during a passive mode of
operation as described below). In other embodiments, entrained ambient airflow within the
first chamber 72 can be provided in a different manner (e.g., not including the relief port

arrangement 94), or can be eliminated.

Regardless of whether ambient air 1s introduced into the first chamber 72, a gap 120
(referenced generally) is established between the outlet end 116 and the plate 76 (and thus the
first control port 78a). As described in greater detail below, the gap 120 is sized to facilitate
assémbly and movement of the valve body 80 (FIG. 2). Though not shown, the second
patient supply inlet 74b/second nozzle 100b (FIG. 2) has a similar construction and
relationship relative to the plate 76/second control port 78b. Thus, and as best shown in FIG.
4B, the first patient supply inlet 74a/nozzle 100a directs positive pressure fluid from a
separate source toward the first control port 78a, and the second patient supply inlet

74b/nozzle 100b directs positive pressure fluid toward the second control port 78b.

The drive supply inlet 74c (FIG. 2) is similarly fluidly connected to an interior of the
housing 62. In particular, the drive supply inlet 74c is fluidly connected to the second

chamber 101 as shown in FIG. 4C. As described in greater detail below, a portion of the

drive mechanism 82 (FIG. 2) is retained within the second chamber 101, with fluid flow from
the drive supply inlet 74c serving to actuate or drive the drive mechanism 82 during an active

mode of operation.

Returning to FIG. 2, the interrupter valve assembly 64 again includes the valve body
80 that 1s driven by the drive mechanism 82. In some embodiments, the valve body 80 has a
propeller-like construction, and includes a base 130, a first valve plate segment 132, and a

second valve plate segment 134. The base 130 is configured for assembly to a corresponding
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portion of the drive mechanism 82 as described below. The plate segments 132, 134 extend
in a radial fashion from the base 130, and each have a size and shape commensurate with a
size and shape of a corresponding one the control ports 78a, 78b. For example, a size and/or
shape of the valve plate segments 132, 134 can be identical, slightly smaller or slightly larger
than a size and/or shape of the control ports 78a, 78b. Further, 1n some embodiments, a
circumferential position of the plate segments 132, 134 relative to the base 130 corresponds
with that of the control ports 78a, 78b such that when the base 130 is centrally positioned
between the control ports 132, 134, the control port 78a, 78b can be simultaneously
obstructed by the plate segments 132, 134. Thus, with the one embodiment of FIG. 2, the
control ports 78a, 78b are symmetrically opposed, and the valve plate segments 132, 134 are
similarly oriented. Alternatively, a position of the valve plate segments 132, 134 can be
spatially offset relative to a position of the control ports 78a, 78b; with this alternative

construction, the control ports 78a, 78b are not simultaneously obstructed during movement

of the valve body 80.

While the valve body 80 is shown as including two of the valve plate segments 132,
134, any other number, either greater or lesser is also acceptable, and the number of plate
segment(s) 132, 134 provided need not necessarily equal the number of control ports 78. In
other embodiments, for example, the valve body 80 is configured and positioned so as to
fluidly interface with only one of the control ports 78 as described below. Even further, the

valve body 80 can have configurations differing from the propeller-like construction shown.
Regardless, the valve body 80 is constructed such that all of the control port(s) 78 can
simultaneously be obstructed (e.g., completely blocked or less than completely blocked) by

the valve body 80 in some embodiments.

The drive mechanism 82 is shown in greater detail in FIG. 5A. In soine
embodiments, the drive mechanism 82 is akin to a reverse roots blower device and includes
first and second lobe assemblies 140, 142, and first and second gears 144, 146. The lobe
assemblies 140, 142 can be identical, with the first lobe assembly 140 including a lobe body
150 and a shaft 152. The lobe body 150 includes three longitudinal lobe projections 154,
adjacent ones of which are separated by a valley 156. Although three of the lobe projections
154/valleys 156 are illustrated in FIG. 5A, any other number is also acceptable; however,

preferably at least two of the lobe projections 154/valleys 156 are provided. Regardless, the
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shaft 152 is, in some embodiments, coaxially mounted within the lobe body 150, extending
from a first end 158 to a second end 160. The first end 158 1s sized for assembly to the valve
body base 130 (FIG. 2), whereas the second end 160 1s sized for assembly to the first gear
144. Other constructions are also contemplated such as integrally molding or forming two or
more of the lobe body 150, shaft 154, and/or gear 140. The second lobe assembly 142 1s
similarly constructed, and generally includes a lobe body 162 coaxially maintained by a shaft

164 that 1n turn is sized for assembly to and/or formed as part of the second gear 146.

As shown in FIG. 5B, the lobe bodies 150, 162 are configured for meshed
engagement (e.g., one of the lobe projections 154 of the second lobe body 162 nests within
one of the valleys 156 of the first lobe body 160), as are the first and second gears 144, 146
(it being understood that upon final assembly meshed engagement between the lobe bodies
150, 162 and between the gears 144, 146 is simultaneously achieved). With this construction,
then, the lobe assemblies 140, 142 rotate in tandem, but in opposite directions (e.g., relative
to the onentation of FIG. 5B, clockwise rotation of the first lobe body 150 translates into
counterclockwise rotation of the second lobe body 162). The shafts 152, 164 are affixed to
the corresponding lobe body 150, 162, respectively, such that rotation of the lobe bodies 150,
162 1s translated directly to the geafs 144, 146, respectively, via the shafts 152, 164. Thus,
the gears 144, 146 serve to maintain a desired mtermeshing relationship between the lobe
bodies 150, 162. With the reverse roots blower configuration of the drive mechanism 82, a
relatively small force (e.g., fluid flow) is required to initiate and maintain movement of the
lobe assemblies 140, 142 at a desired rotational speed. In other embodiments, the number of

lobe projections 154 can be increased so that the lobe bodies 150, 162 effectively interface as
gears such that the gears 144, 146 can be eliminated. Regardless, upon final assembly,

rotation of the first lobe assembly 140 translates into rotation of the valve body 80.

Assembly of the interrupter valve assembly 64 to the housing 62 is partially shown in
FIG. 6A. In particular, the valve body 80. 1S maintaiﬂed irninediately adjacent the nozzles
100a, 100b via the shaft 152 that otherwise extends into the first chamber 72. The shaft 164
of the second lobe assembly 142 (referenced generally in FIG. 6A, shown in greater detail in
FIG. 5A) also extends into, and 1s supported at, the first chamber 72 (it being understood that
the opposite end of each of the shafts 152, 164 1s also supported, for exémple at or by the end
plate 69 (FIG. 2)). As shown in FIG. 6B, that otherwise is a longitudinal cross-sectional view
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taken through the first patient supply inlet 74a, the first lobe body 150 is maintained within
the second chamber 101, as is the second lobe body 162 (hidden in the view of FIG. 6B).
The shaft 152 maintains the valve body 80 such that the valve plate segments 132, 134 (it
being understood that the second plate segment 134 is hidden in the view of FIG. 6B) are
located in the gap 120 between the outlet end 116 of the first nozzle 100a and the plate 76 (as
well as between the second nozzle 100b, that is otherwise hidden in the view of FIG. 6B, and
the plate 76). With rotation of the valve body 80 (via the drive mechanism 82), the valve
plate segments 132, 134 repeatedly obstruct and “open” the control ports 78 relative to the
first chamber 72. In other words, the interrupter valve assembly 64 (referenced generally in
FIG. 6B) operates to periodically stop or substantially stop fluid flow between the patient
inlet 68 and the first chamber 72 as described below. While the valve body 80 has been

described as being assembled to the first shaft 152, in other embodiments, the second shaft
164 rotates the valve body 80. In other embodiments, each of the shafts 152, 164 can

maintain a valve body.

With the above understanding in mind, forced movement of the drive mechanism 82
can occur in one of two manners that in turn are a function of whether the device 60 1s
operating in a passive mode (e.g., oscillatory PEP) or an active mode (e.g., CHFO). For
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