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COMBINATION LUNG VENTILATION AND MUCUS CLEARANCE APPARATUS
AND METHOD

Cross Reference to Related Application

[0001] The present application claims priority to, and any other benefit of, U.S. Provisional
Patent Application Serial No. 61/115,176, filed November 17, 2008, and entitled |
COMBINATION LUNG VENTILATION AND MUCUS CLEARANCE APPARATUS AND METHOD
(Attorney Docket 22884/04162), the entire contents of which are hereby incorporated by

reference.

Field of the Invention

[0002] The present application relates generally to a medical device and method for
ventilation and mucus clearance of a patient. More specifically, the present application

relates to a combination lung ventilation and mucus clearance device and method.

Background

[0003] Commercially available mucus clearance devices do not provide lung ventilation.
Applicant has appreciated that this is very problematic for patients who require both assisted
breathing and assisted coughing, for example patients with respiratory musclé weakness who
develop retained bronchial secretions due to illness or aspiration. With currently available
equipment, such patients must be removed from the ventilator and connected to a separate
mucus clearance device in order to remove retained respiratory secretions. This process,
which requires the assistance of caregivers and active patient cooperation, can be dangerous

for medically fragile patients.

Summary of the Invention

[0004] The medical device of the present application utilizes the patient’s mouth to provide
mechanically assisted mucus clearance without interruption of mechanically assisted
ventilation, which is provided via the patient’s nose. The provision of positive pressure lung
ventilation via the nose and negative pressure mucus cleérance via the mouth greatly

improves patient comfort, device efficacy and compliance. The device utilizes completely
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separate lung ventilation and mucus clearance circuits, avoiding bacterial contamination of
the ventilation circuit and greatly reducing the risk of iatrogenically induced lung infection
imposed by fluidly communicating patient interfaces and circuits. The device may be used

by medically fragile patients and patients of almost any age.

[0005] The medical device of the present application also utilizes patient interfaces and
flexibility in the configuration of the device’s components to greatly improve efficacy, safety,
comfort, compliance and patient quality of life. For example, one embodiment is configured
with the positive pressure lung ventilation nose interface separate from the negative pressure
mucus clearance mouth interface. With this configuration, when the patient is awake, the
separate mouth interface can be removed to free the patient’s mouth for activities of daily
living, like speech and swallowing (with or without nasally assisted lung ventilation). In this
configuration, the mouth interface is designed to be easily grasped by the patient and properly
positioned by the patient when mechanically assisted coughing is necessary, without
interruption of nasally assisted lung ventilation. The mouthpiece is designed so that it may be
kept in place by medically fragile patients and the mouthpiece is designed to form an airtight

seal even in patients with weak facial muscles.

[0006] In another embodiment, the positive pressure lung ventilation nose interface is
physically coupled to the negative pressure mucus clearance mouth interface. This
configuration is especially helpful when the patient is sedated, sleeping, or otherwise
uncooperative, as the device can be configured to deliver mucus clearance and ventilation
automatically, optimizing sleep quality and patient independence, and minimizing the risk of
mucus plugging. In this configuration, a nasal-oral interface allows the patient to be
ventilated and his or her airways to be cleared of respiratory secretions automatically, without
caregiver assistance, permitting the patient to enjoy uninterrupted sleep, and minimizing the
risk of potentially life threatening mucus plugging or aspirations when the patient is asleep

and potentially unobserved by his or her caregivers.

[0007] Through these and other exemplary configurations of the medical device, medically
fragile patients can maximize their ability to partake in the activities of daily living, minimize
their reliance on caregivers, minimize the risk of potentially life-threatening aspiration or
mucus plugging of their airways, and minimize the risk of iatrogenic respiratory infection or
pneumonia. Further, the provision of combination positive pressure lung ventilation and
negative pressure mucus clearance or assisted coughing in a single device decreases the size

and cost of the device and improves the safety, tolerability, portability and reliability of the
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device when compared with designs that utilize separate positive and negative pressure
devices. The complete separation of the lung ventilation and mucus clearance circuits and
the specific choice of the nasal route for positive pressure lung ventilation and the oral route
for negative pressure mucus clearance greatly improves flexibility of the possible device
configurations and maximizes the tolerability, comfort and efficacy of the combination

device.

[0008] Further aspects and concepts will become apparent to those skilled in the art after
considering the following description and appended claims in conjunction with the

accompanying drawings.

Brief Description of the Drawings

[0009] In the accompanying drawings, which are incorporated in and constitute a part of the
specification, embodiments of the invention are illustrated, which, together with a general
description of the invention given above, and the detailed description given below, serve to

exemplify embodiments of the invention:

[0010] Fig. 1 illustrates a medical device for lung ventilation and mucus clearance of a

patient according to an embodiment of the invention;

[0011] Figs. 2A-2B illustrate a rear perspective view and a top view respectively of a mouth

interface according to an embodiment of the invention,
[0012] Fig. 3 illustrates a medical device according to an embodiment of the invention;

[0013] Figs. 4A-4B illustrate a side view and a rear view respectively of a patient interface

according to an embodiment of the invention; and

[0014] Fig. 5 illustrates a medical device according to an embodiment of the invention.

Detailed Description

[0015] The present application discloses a medical device and method for combination lung
ventilation and mucus clearance of a patient. The medical device has a variety of uses. For
example, the medical device may be used in the home for chronic care of patients with
respiratory insufficiency. The device may also be used in acute care hospitals for patients
requiring assistance with ventilation and/or cough, e.g., during respiratory illnesses, after
surgeries, in the intensive care unit or émergency department, in the post-anesthetic recovery
unit, etc. Further, the device may be used in chronic care facilities for patients with chronic

impairment of breathing and cough. Portable embodiments of the medical device may be
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used by patients who desire mobility (e.g., attached to a wheelchair) or in the field by
emergency services personnel. The device may also be used as a standalone noninvasive
ventilator or as a standalone mucus clearance device. Other uses of the medical device are

envisioned and are intended to be covered within the scope of the present application.

[0016] The medical device of the present application generally comprises a pressure
generation source, a positive pressure lung ventilation portion, and a negative pressure mucus
clearance portion and cycles between providing the patient with positive pressure lung
ventilation and negative pressure mucus clearance. The single pressure generation source
provides both positive pressure gas flow for lung ventilation and negative pressure suction for ‘
mucus clearance. The pressure generation source may comprise at least one outlet for the
positive pressure gas flow and at least one inlet for the negative pressure suction. The
ventilation portion of the medical device generally comprises an airtight nasal interface and a
positive pressure flow channel or circuit having a first end and a second end. The first end of
the flow channel may be in fluid communication with the outlet of the pressure generation
source and the second end of the flow channel may be in fluid communication with the nasal

interface.

[0017] The negative pressure mucus clearance portion of the medical device generally
comprises an airtight mouth interface and a negative pressure suction channel or circuit
having a first end and a second end. The first end of the suction channel may be in fluid
communication with the inlet of the pressure generation source and the second end of the
suction channel may be in fluid communication with the mouth interface. The negative
pressure mucus clearance portion may be separable from or separate from the positive
pressure ventilation portion such that the medical device is capable of maintaining lung

ventilation with the mouth interface of the mucus clearance portion removed from the patient.

[0018] The medical device of the present application may provide negative pressure mucus
clearance of the patient without removal of the positive pressure lung ventilation portion from
the patient. The medical device may also provide positive pressure lung ventilation and
negative pressure mucus clearance of the patient sequentially or concurrently without
removal of either of the ventilation portion or the mucus clearance portion from the patient.

A first configuration of the medical device may permit the patient to engage in daily activities
like speech and swallowing, e.g., while the patient is awake. A second configuration of the
medical device may provide continuous lung ventilation and automated mucus clearance ,

e.g., while the patient is asleep.
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[0019] Fig. 1 illustrates an exemplary embodiment of a medical device 100 for combination
lung ventilation and mucus clearance of a patient, with separately removable ventilation and
mucus clearance interfaces. The medical device 100 includes a pressure generation source
110, a positive pressure ventilation portion 112, and a negative pressure mucus clearance
portion 114, and an optional handle or bracket 116. The positive pressure ventilation portion
112 is removably connected to an outlet 140 of the pressure generation source 110 and the
negative pressure mucus clearance portion 114 is removably connected to an inlet 142 of the

pressure generation source.

[0020] The exemplary medical device 100 shown in Fig. 1 is configured such that the
patient’s mouth can be free for activities of daily living while the patient is awake and the
mucus clearance portion 114 is removed from the patient, e.g., when assisted coughing is
unnecessary. The mouthpiece 124 of the negative pressure mucus clearance portion 114 can
easily be grasped by the patient and inserted into the mouth whenever assisted coughing is
necessary and then removed from the mouth to engage in activities of daily life (e.g., speech
and swallowing). Separate positive pressure ventilation and negative pressure mucus
clearance circuits having separate interfaces via the nose and mouth, respectively, permit the
patient’s mouth to be free during assisted ventilation when assisted coughing is unnecessary.
Further, separate positive pressure ventilation and negative pressure mucus clearance circuits
prevent fluid communication between the circuits, avoiding bacterial cross-contamination.
Separate ventilation and mucus clearance circuits also permit nasally assisted ventilation and
orally assisted mucus clearance without active patient cooperation, e.g., when the patient is
asleep; if the patient is sedated or unconscious; or any time the patient carmot voluntarily
open his or her mouth to allow application of negative pressure to suction secretions out of

his or her airways.

[0021] The pressure generation source 110 of the medical device 100 provides positive
pressure gas flow for lung ventilation and negative pressure suction for mucus clearance.
The positive pressure gas flow is generally provided to the patient via the outlet 140 of the
pressure generation source 110. The amount of positive pressure gas flow may be adjustable
and may be controlled automatically (e.g., by a control unit) or manually. For example, the
pressure and flow characteristics of the positive pressure gas flow may be adapted or
adjusted, either automatically or manually, to an individual patient’s needs. Further, the
positive pressure gas flow may be initiated by a variety of methods, e.g., by a remote control

or switch 132, a patient produced flow of air into a nasal interface 122, etc. The positive
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pressure gas flow may be provided by a ventilation or positive pressure source configured to
provide breathable air to the patient. The breathable air may be a mixture of oxygen and air.
The breathable air may be provided via a pneumatic system or turbopump and may be

controlled by a control unit, such as a pre-programmed processor.

[0022] The negative pressure suction is generally provided to the patient via the inlet 142 of
the pressure generation source 110. The amount of negative pressure suction may be
adjustable and may be controlled automatically (e.g., by a control unit) or manually. For
example, the pressure and flow characteristics of the negative pressure suction may.be
adapted or adjusted, either automatically or manually, to an individual patient’s needs.
Further, the negative pressure suction may be initiated by a variety of methods by a number
of different patient input devices in fluid or electrical circuit communication with the source
110, e.g., by a remote control or switch 132, a bite switch (not shown) in a mouth interface
124 activated by the patient biting and/or manipulating a portion of the mouth interface, a
switch activated by the patient blinking and/or fluttering their eyes, a patient produced flow
of air into the mouth interface, or intermittently using an adjustable timer, etc. The negative
pressure suction may be provided by a suction or negative pressure source, e.g., a suction
pump having a pressure sensing device to control operation, configured to provide adjustable
negative pressure to the patient to remove respiratory secretions from the patient’s airways.

The suction source may be controlled by a control unit, such as a pre-programmed processor.

[0023] In the exemplary embodiment shown in Fig. 1, the positive pressure lung ventilation
portion 112 of the medical device 100 comprises a flow channel or circuit 118 having a first
end and a second end. The first end of the flow channel 118 is in airtight fluid
communication with the outlet 140 of the pressure generation source 110 and the second end
of the flow channel 118 is in airtight fluid communication with the nasal interface 122. The
flow channel 118 may be made from any flexible material suitable for transferring a
breathable gas to a patient, e.g., plastic tubing. The first and second end of the flow channel
118 may be connected to the outlet 140 of the pressure generation source 110 and the nasal
interface 122, respectively, by any suitable means that prohibits leakage of the breathable gas,
e.g., a friction fit, a threaded connector, a plug in connector, or the like. The flow channel

118 may be removable from either the outlet 140 or the nasal interface 122.

[0024] In the exemplary embodiment shown in Fig. 1, the nasal interface 122 comprises a
nasal mask 126 and adjustable straps 128 securing the nasal mask in place on the patient’s

face. The nasal mask 126 is configured to form an airtight seal around the patient’s nose and
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nasal passage to prohibit leakage of the positive pressure gas flow from the pressure
generation source 110. As shown, the nasal interface 122 allows the patient to utilize his
mouth during ventilation. In other embodiments, the nasal interface comprises a set of nasal
prongs connected to the flow channel. Valves 134A, 134B in the flow channel 118 of the
ventilation portion 112 may be used to control the flow of the positive pressure gas from the
pressure generation source 110. One or more of the valves 134A, 134B may be located at
various locations in the ventilation circuit, e.g., at the first end and the second end of the flow
channel 118, within the pressure generation source 110, etc. The valves may be any suitable
valve capable of controlling the flow of the positive pressure gas and may be operated

automatically (e.g., by the control unit) or manually.

[0025] Inthe exemplary embodiment shown in Fig. 1, the negative pressure mucus clearance
portion 114 of the medical device 100 comprises a suction channel or circuit 120 having a
first end and a second end. The first end of the suction channel 120 is in airtight fluid
communication with the inlet 142 of the pressure generation source 110 and the second end
of the suction channel 120 is in airtight fluid communication with the mouth interface 124.
The suction channel 120 may be made from any flexible material suitable for providing a
negative pressure suction to a patient and transferring respiratory secretions, e.g., plastic
tubing. The first and second end of the suction channel 120 may be connected to the inlet
142 of the pressure generation source 110 and the mouth interface 124, respectively, by any
suitable means that prohibits leakage of the respiratory secretions, e.g., a friction fit, a
threaded connector, a plug in connector, or the like. The suction channel 120 may be
removable from either the inlet 142 or the mouth interface 124. Valves 136A, 136B in the
suction channel 120 of the mucus clearance portion 114 may be used to control the negative
pressure suction created by the pressure generation source 110. Valves 136A, 136B may be
used to close the suction channel 120 and prevent leakage of the breathable gas via the mouth
during positive pressure ventilation via the nose. One or more of the valves 136A, 136B may
be located at various locations in the mucus clearance portion of the device, e.g., at the first
end and the second end of the suction channel 120, within the pressure generation source 110,
etc. The valves may be any suitable valve capable of controlling the negative pressure

suction and may be operated automatically (e.g., by the control unit) or manually.

[0026] Referring now to Figs. 2A-2B, an exemplary mouthpiece or mouth interface 124 of
the medical device 100 is shown. The exemplary mouth interface 124 shown comprises a

soft outer portion 210 and a hard inner portion 212 having an opening 214. The mouth
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interface 124 is configured for repeatable insertion and removal from the patient’s mouth.
The inner portion 212 is formed from one or more materials that are rigid enough to keep the
opening 214 open and the conduit between the opening 214 and the suction channel 120 open
during use. The hard inner portion 212 of the mouth interface 124 extends past the teeth,
passes on top of the patient’s tongue, and ends with the opening 214 in the patient’s oral
cavity (i.e., the mouth cavity including the front of the tongue) or oropharynx (i.e., the last
third of the tongue). As such, the patient does not need to open his or her mouth to achieve
mucus clearance because the oropharyngeal mouth interface 124 is in fluid communication

with the patient’s airway during use.

[0027] In the exemplary embodiment shown in Figs. 2A-2B, the soft outer portion 210 of the
mouth interface 124 is configured to rest between the inside of the patient’s lips and the outer
surface of the patient’s gums and teeth to form an airtight seal with the patient’s mouth and
permitting communication of negative suction pressure to the patient’s airway. In the
exemplary embodiment shown, the outer portion 210 is curved and shaped similar to a
portion of an orange wedge or some sports mouth guards. An outer surface 250 that is
positioned against the inner surface of the lips is convex and an inner surface 252 that is
positioned‘against the outer surface of the gums and teeth is concave to form an airtight seal
at the mouth. The outer portion 210 may be made from a material capable of being inserted
in a patient’s mouth, e.g., foam, soft plastic, soft rubber, or the like. In the exemplary mouth
interface 124 shown, the outer portion 210 is made of a soft material such that the mouth
interface may be kept in place by medically fragile patients with weak facial muscles and
used by patients of about any age. The soft material conforms to the anatomy of the mouth to
form an airtight seal and also prevents damages to the lips, gums, and teeth of the patient.
The outer portion 210 may be provided in various sizes and a particular size selected based

on the size of the patient’s mouth and the patient’s individual needs.

[0028] In the exemplary embodiment shown in Figs. 2A-2B, the hard inner portion 212 of the
mouth interface 124 is held between the patient’s teeth and is configured to extend past the
teeth, passing on top of the tongue, and with the opening 214 positioned in the oral cavity or
oropharynx of the patient such that the patient’s airway can be accessed for removal of the
respiratory secretions, e.g., the inner portion may extend about 1 to 7 cm past the teeth or
about 1 to 7 cm past the inner surface 252 of the outer portion 210 of the mouth interface.
The opening 214 in the inmer portion 212 is in fluid communication with the suction channel

120 and configured such that the respiratory secretions can be removed from the airway of
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the patient. In the exemplary mouth interface 124 shown, the inner portion 212 and the
opening 214 are generally oval, although other shapes and configurations may be used, e.g.,
circular, elliptical, rectangular, square, etc. The inner portion 212 may be made from a
material capable of being held between the patient’s teeth, e.g., plastic, hard rubber, or the
like. In the exemplary mouth interface 124, the inner portion 212 is made from a material of
sufficient rigidity such that it may be held between the patient’s teeth without collapsing and
sufficient rigidity that the conduit between opening 214 and channel 120 will not collapse
during use. Further, the outer portion 210 and the inner portion 212 may be a unitary
construction. The mouth interface 124 may also comprise an adjustable strap (not shown)

such that the mouth interface is held within the patient’s mouth.

[0029] Other configurations of a mouth interface that is inserted into the mouth of the patient
are envisioned. For example, the mouth interface may comprise a soft mouthpiece of unitary
construction having an opening. The mouthpiece (not shown) may be wedge-shaped, e.g.,
similar to a wedge of a globe or cylinder. In this embodiment, an end of the wedge-shaped
mouthpiece having an opening is inserted into the patient’s mouth with a thicker portion of
the wedge at least partially between the patient’s teeth/gums and a thinner portion of the
wedge with the opening extending into the oral cavity or oropharynx of the patient. The
opening extends through the mouthpiece and is in fluid communication with the suction
channel 120 and the patiént’s airway during use such that the respiratory secretions can be
removed from the airway of the patient. The patient closes his or her lips around the wedge

to sufficiently seal the airway.

[0030] Referring again to Fig. 1, a receptacle 138 is shown in the mucus clearance circuit.
The receptacle 138 collects the respiratory secretions suctioned from the patient’s airways.
The negative pressure suction pulls the secretions from the patient’s airways, through the
suction channel 120, and into the receptacle 138. The receptacle 138 may be removable from
the mucus clearance circuit and may comprise a fluid height detector to automatically shut off
the suction if the receptacle is full. The receptacle 138 may be located at various locations in
the mucus clearance portion of the device, e.g., within the pressure generation source 110,
towards the first end of the suction channel 120, at the discharge of the suction source, etc.
Further, valves 136A, 136B in the suction channel 120 of the mucus clearance portion 114
may be used to control the negative pressure suction from the pressure generation source 110.
One or more of the valves 136A, 136B may be located at various locations in the mucus

clearance portion of the device, e.g., at the first end and the second end of the suction channel
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120, within the pressure generation source 110, etc. The valves may be any suitable valve
capable of controlling the negative pressure suction and may be operated automatically (e.g.,
by the control unit) or manually. Valves 136A, 136B, when closed, also prevent leakage of
breathable gas out of the patient’s mouth during positive pressure ventilation via the patient’s

nose.

[0031] As shown in Fig. 1, the medical device 100 may comprise an optional handle or
bracket 116 removably attached to the mucus clearance portion 114 of the device. The
bracket or handle 116 is configured to support the mucus clearance portion 114 and may be
grasped by the patient to assist with insertion of the mouth interface 124 into the patient’s
mouth. The bracket or handle 116 may also be held stationary such that the patient can insert
the mouth interface 124 without using his or her hands. As shown, the bracket or handle 116
has a “gooseneck” shape, although other shapes and configurations are envisioned. The
“gooseneck” shape of the handle or bracket 116 provides clearance for the patient to insert
the mouth interface 124. The handle or bracket 116 comprises an adjustable joint 130 for
positioning of the mouth interface 124. Further, the handle or bracket 116 may comprise a

switch for initiating negative pressure suction.

[0032] Insome embodiments, the medical device is battery powered to permit portability of
the medical device. The medical device may also be configured to humidify the air provided
to the patient. The medical device may also add nebulized medications to the air provided to
the patient. The medical device may also act as an intermittent positive pressure breathing
device by using pressure to passively fill the lungs of the patient when a breath is initiated. A
manometer and at least one valve may be used to terminate the flow of inspired air when a
predetermined pressure is reached on inhalation.- The medical device may also incorporate
high frequency intrapulmonary percussive ventilation into one of the circuits, loosening
secretions via positive pressure bursts of gas delivered at about 100-300 cycles/minute,
thereby loosening respiratory secretions prior to extraction by the negative pressure mucus

clearance portion of the device.

[0033] As shown in Fig. 1, the negative pressure mucus clearance portion 114 of the medical
device 100 is separate from the positive pressure lung ventilation portion 112 such that the
medical device is capable of maintaining lung ventilation via the nasal interface 122 with the
mouth interface 124 removed from the patient. Further, in this configuration, the medical
device 100 provides negative pressure mucus clearance of the patient on demand, by inserting

the mouth interface 124 into the patient as needed, without removal of the positive pressure
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ventilation portion 112 from the patient. The mouth interface 124 can be removed from the
patient when mucus clearance is no longer needed, so that the patient’s mouth is free to
engage in activities of daily living, e.g., speech and swallowing. The medical device 100
may thus provide lung ventilation and mucus clearance of the patient sequentially or
concurrently and pursuant to a schedule controlled by the patient and/or his caregiver. This
flexibility of device configuration maximizes patient independence and device comfort,
efficacy and compliance. The mouth interface 124 is designed to be easily removed by the
patient such that his or her mouth is free for drinking, eating, and speech when mechanically
assisted coughing or mucus extraction is unnecessary; and is easily replaced by the patient or
his caregiver, when negative pressure mucus clearance is necessary. This embodiment of the
device may be preferred during the day, when the patient is awake and desires the greatest

number of care options.

[0034] Further, complete fluid separation of the negative pressure mucus clearance portion
114 and the positive pressure ventilation portion 112 of the medical device 100 permits
patients to customize the availability of mucus clearance therapy. For example, patients who
are weaker can have the mouthpiece immediately available to them via the handle or bracket
116. The handle or bracket 116 can be placed in a position near the patient that allows the
patient to grasp the mouthpiece at will and without using his or her hands. Thus, a patient
with progressive weakness can adjust the location of the mouthpiece to his or her own
preference. Moreover, the provision of positive pressure lung ventilation exclusively via the
nasal route and negative pressure mucus clearance exclusively via the oral route is designed
to maximize patient comfort and device efficacy and compliance, in addition to maximizing

device configurations and flexibility of use.

[0035] A method of connecting a person to the medical device 100 generally comprises
positioning the nasal interface 122 in airtight fluid communication with the person’s nasal
passages (e.g., securing a nasal mask to the person using adjustable straps) and inserting the
separate mouth interface 124 into the person’s mouth to make an airtight seal. The soft outer
portion 210 of the mouth interface 124 rests between the inside surface of the person’s lips
and the outer surface of the person’s gums and teeth. The hard inner portion 212 of the
mouth interface 124 extends past the person’s teeth, passes on top of the person’s tongue and
ends in the oral cavity or oropharynx of the person. A first end of the positive pressure flow
channel 118 is connected to the outlet 140 of the pressure generation source 110. A second

end of the positive pressure flow channel 118 is connected to the nasal interface 122. A first
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end of the negative pressure suction channel 120 is connected to the inlet 142 of the pressure
generation source 110. A second end of the negative pressure suction channel 120 is
connected to the mouth interface 124. The positive pressure ventilation portion 112 of the
device and the negative pressure mucus clearance portion 114 of the device are separate and
not in fluid communication. The flow channel 118 and the suction channel 120 are separate
and not in fluid communication. The nasal interface 122 and the mouth interface 124 are
separate both in the sense that they are not physically connected and in the sense that they are
not in fluid communication (except perhaps the theoretical possibility that some small
quantity of clean gas from the ventilation portion could mix within the patient with gas
removed from the patient by the mucus clearance portion) so that mucus does not flow back

through the same conduit through which air is provided.

[0036] A method of using the medical device for lung ventilation and mucus clearance of a
patient generally comprises providing a positive pressure flow of gas to the lungs of the
patient via a first interface in fluid communication with the patient’s nasal passages and a
negative pressure suction to the airway of the patient via a second interface in fluid
communication with the patient’s mouth. The medical device is generally configured to
provide positive pressure lung ventilation and negative pressure mucus clearance of the
patient sequentially or concurrently. The medical device generally comprises a positive
pressure lung ventilation circuit and a negative pressure mucus clearance circuit that are
completely separated to prohibit fluid communication between the circuits and bacterial

cross-contamination.

[0037] Referring back to Fig. 1, the exemplary medical device 100 is configured to cycle
between providing positive pressure lung ventilation and negative pressure mucus clearance
of the patient, either manually or automatically. In one embodiment, positive pressure lung
ventilation is electronically controlled such that the pressure and flow characteristics of the
positive pressure gas are adjustable. For example, the pressure and flow of the positive
pressure gas may be increased or decreased in response to the patient’s needs, e.g., sensing
whether the patient is attempting to take a shallow or deep breath, multiple breaths, etc.
During lung ventilation, the positive pressure gas is delivered to the patient via the flow
channel 118 and the nasal interface 122. The valves 134A, 134B in the ventilation circuit are
open to allow for flow of the positive pressure gas. Further, the valves 136A, 136B in the
mucus clearance circuit are closed to prevent negative pressure suction and to prevent

leakage of gas out of the patient’s mouth during positive pressure ventilation via the nose.
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[0038] Negative pressure suction may be initiated automatically (e.g., triggered by an
adjustable timer of a control unit) or manually by the patient or caregiver (e.g., using a switch
132). When the negative pressure suction is triggered, a deep breath is delivered to the
patient via the positive pressure nasal ventilation portion 112 of the medical device 100. The
valves 134A, 134B in the ventilation circuit then close and the valves 136A, 136B in the
negative pressure mucus clearance circuit open. Negative pressure suction is then applied to
the patient via the suction channel 120 and mouth interface 124 to remove respiratory
secretions from the patient’s airway and deposit them in the receptacle 138. When negative
pressure suction is complete, the valves 136A, 136B in the mucus clearance circuit close and
the valves 134A, 134B in the positive pressure ventilation circuit open to resume nasal
ventilation. This cycling between lung ventilation and mucus clearance of the patient may be

repeated for a desired number of treatments.

[0039] Fig. 3 illustrates an exemplary embodiment of a medical device 300 for combination
lung ventilation and mucus clearance of a patient. Similar to medical device 100 of Fig. 1,
the medical device 300 comprises a pressure generation source 110, a positive pressure
ventilation portion 112, and a negative pressure mucus clearance portion 114. The
ventilation portion 112 and the mucus clearance portion 114 are completely separated in the
sense that they have no fluid communication (except perhaps the theoretical possibility that
some small quantity of clean gas from the ventilation portion could mix within the patient
with gas removed from the patient by the mucus clearance portion) so that mucus does not
flow back through the same conduit through which air is provided, e.g., to prohibit bacterial
cross-contamination. The ventilation portion 112 is removably connected to an outlet 140 of
the pressure generation source 110 and the mucus clearance portion 114 is removably
connected to an inlet 142 of the pressure generation source. As shown, the medical device
300 is configured to provide continuous positive pressure lung ventilation and automated
negative pressure mucus clearance without patient cooperation, e.g., without interrupting the

patient’s sleep.

[0040] As shown in Fig. 3, the medical device 300 comprises an airtight patient interface
310. The patient interface 310 includes a nasal interface 316 separate from a mouth interface
318—separate in the sense that, although they are physically connected, they are not in fluid
communication (except perhaps the theoretical possibility that some small quantity of clean
gas from the ventilation portion could mix within the patient with gas removed from the

patient by the mucus clearance portion) so that mucus does not flow back through the same
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conduit through which air is provided. This is in contrast with a simple mask that forms a
plenum that contains and fluidly connects the patient’s nose and mouth. As shown, the
patient interface 310 is a combination nasal-oral mask 314 configured to simultaneously hold
the nasal interface 316 in airtight fluid communication with the patient’s nasal passages, hold
the mouth interface 318 in airtight fluid communication with the patient’s mouth, and keep
the suction channel 120 separate from the flow channel 118 so that mucus does not flow back
through the same conduit through which air is provided. The nasal interface 316 is in fluid
communication with the flow channel 118 of the positive pressure ventilation portion 112 and
the mouth interface 318 is in fluid communication with the suction channel 120 of the
negative pressure mucus clearance portion 114. The nasal interface 316 and the mouth
interface 318 may be removably attached to the nasal-oral mask 314. Further, the patient
interface 310 comprises adjustable straps 312 that may be used to secure the nasal-oral mask

314 to the patient’s face.

[0041] As shown in Figs. 4A-4B, the nasal-oral mask 314 of the patient interface 310 is
configured to form a seal around the patient’s nose and mouth to prohibit leakage of the
positive pressure gas flow from the pressure generation source 110. The nasal-oral mask 314
includes padding 410 that provides comfort to the patient and prohibits leakage of the gas
flow between the mask and the patient’s face. The nasal-oral mask 314 comprises an inlet
420 connected to the nasal interface 316 through which air is forced into the nose for lung
ventilation and an outlet 422 connected to the mouth interface 318 through which mucus is
suctioned out of the airway via the mouth. As shown, no fluid communication exists between
the inlet 420 and the outlet 422. The inlet 420 is connected to the flow channel 118 of the
positive pressure ventilation portion 112 of the device; the outlet 422 is connected to the

suction channel 120 of the negative pressure mucus clearance portion 114 of the device.

[0042] In the exemplary embodiment shown in Figs. 4A-4B, the nasal interface 316 of the
nasal-oral mask 314 comprises a set of nasal prongs 412, although other nasal interfaces may
be used, e.g, a nasal mask that makes an airtight seal with the patient’s nasal passages, etc.
Like the mouth interface 124 of exemplary medical device 100, the mouth interface 318 of
the nasal-oral mask 314 comprises a mouthpiece comprising a soft outer portion 430 and a
hard irmer portion 440 having an opening 450 although perhaps other mouth interfaces might
be used. The soft outer portion 430 of the mouthpiece shown is configured to rest between
the inside surface of the patient’s lips and the outer surface of the patient’s gums and teeth to

make an airtight seal with the patient’s mouth and communicating airway. In the exemplary
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embodiment shown, the outer portion 430 is curved and shaped similar to a portion of an
orange wedge or some sports mouth guards. An outer surface 480 is convex and positioned
against the inside surface of the patient’s lips and an inner surface 482 is concave and
positioned against the outside portion of the patient’s gums and teeth, thereby forming an
airtight seal. The hard inner portion 440 of the mouthpiece is held between the patient’s teeth
and is configured to extend past the teeth, passing on top of the patient’s tongue, and with the
opening 450 positioned in the oral cavity or oropharynx of the patient such that the patient’s
airway can be accessed for removal of the respiratory secretions, e.g., the inner portion may
extend about 1 to 7 cm past the teeth or about 1 to 7 cm past the inner surface 482 of the
mouth interface. The opening 450 in the inner portion 440 is in fluid communication with the
negative pressure suction channel 120 and configured such that the respiratory secretions can
be removed from the airway of the patient. However, other configurations of a mouth
interface 318 having a mouthpiece that is inserted into the mouth of the patient are
envisioned. The inner portion 440 is made from a material of sufficient rigidity such that it
may be held between the patient’s teeth without collapsing and sufficient rigidity that the

conduit between opening 450 and channel 120 will not collapse during use.

[0043] Similar to medical device 100, the negative pressure mucus clearance portion 114 of
medical device 300 is separable from the positive pressure ventilation portion 112 such that
the medical device is capable of maintaining positive pressure lung ventilation via the nasal
interface 316 with the mouth interface 318 removed from the patient. Further, the medical
device 300 may provide negative pressure mucus clearance of the patient with or without
removal of the positive pressure ventilation portion 112 from the patient. The medical device
300 may also provide lung ventilation and mucus clearance of the patient sequentially or
concurrently without removal of either of the positive pressure ventilation portion 112 or the

negative pressure mucus clearance portion 114 from the patient.

[0044] Further, this embodiment of the device, which includes an integrated nasal-oral
patient interface 310 incorporating a nasal interface 316 for positive pressure ventilation with
a separate, non-communicating oral interface 318 for negative pressure mucus clearance,
permits automated mucus clearance of a sleeping, sedated, or otherwise uncooperative
patient. The patient does not have to open his or her mouth to achieve mucus clearance
because the mouthpiece forms an airtight seal and connects the negative pressure mucus
clearance portion 114 of the medical device 300 with the patient’s airway. The lack of fluid

communication and completely separate coupling of the nasal 316 and oral 318 interfaces and
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the separation of the positive pressure ventilation portion of the device 112 from the negative
pressure mucus clearance portion of the device 114 prevent contaminated respiratory
secretions from being forced into the patient’s lungs under positive pressure, reducing the risk

of lung infection.

[0045] A method of connecting a person to the medical device 300 generally comprises
positioning the nasal interface 316 in fluid communication with the person’s nasal passages,
inserting the mouth interface 318 into the person’s mouth, and securing the nasal-oral patient
interface 310 to the person to simultaneously hold the nasal interface in airtight fluid
communication with the person’s nasal passages and the mouth interface in airtight
communication with the person’s mouth. The soft outer portion 430 of the mouth interface
318 is positioned between the inside surface of the person’s lips and the outer surface of the
person’s gums and teeth. The hard inner portion 440 of the mouth interface 318 extends past
the person’s teeth, passes on top of the person’s tongue and ends in the person’s oral cavity or
oropharynx. A first end of the positive pressure flow channel 118 is connected to the outlet
140 of the pressure generation source 110. A second end of the flow channel 118 is
connected to the nasal interface 316 via the inlet 420. A first end of the negative pressure
suction channel 120 is connected to the inlet 142 of the pressure generation source 110. A
second end of the suction channel 120 is connected to the mouth interface 318 via the outlet
422. The positive pressure lung ventilation portion of the device 112 and the negative
pressure mucus clearance portion of the device 114 are separate and not in fluid
communication. The flow channel 118 and the suction channel 120 are separate and not in
fluid communication. The nasal interface 316 and the mouth interface 318 are separately
coupled and not in fluid communication (except perhaps the theoretical possibility that some
small quantity of clean gas from the ventilation portion could mix within the patient with gas

removed from the patient by the mucus clearance portion).

[0046] Referring again to Fig. 3, the medical device 300 is configured to cycle between
providing positive pressure lung ventilation and negative pressure mucus clearance of the
patient, either manually or automatically. In one embodiment, lung ventilation is
electronically controlled such that the pressure and flow characteristics of the positive
pressure gas are adjusted to the patient’s needs. During lung ventilation, the positive pressure
gas is delivered to the patient via the flow channel 118 and the nasal interface 316. The
valves 134A, 134B in the ventilation circuit are open to allow for flow of the positive

pressure gas. Further, the valves 136A, 136B in the mucus clearance circuit are closed to
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prevent negative pressure suction and to prevent leakage of gas out of the patient’s mouth

during positive pressure nasal ventilation.

[0047] Negative pressure suction may be initiated automatically (e.g., triggered by an
adjustable timer as the patient sleeps) or manually by the patient or caregiver. In addition, an
algorithm may be used to automatically trigger negative pressure suction. For example, the
algorithm may be used to interpret changes in the airflow from the patient that are consistent
with lower airway secretion retention or mucus plugging. When the negative pressure
suction is triggered, a deep breath is delivered to the patient via the positive pressure -
ventilation portion 112 of the medical device 300. The valves 134A, 134B in the ventilation
circuit then close and the valves 136A, 136B in the mucus clearance circuit open. Negative
pressure suction is then applied to the patient via the suction channel 120 and mouth interface
318 to remove respiratory secretions from the patient’s airway and deposit them in the
receptacle 138. When negative pressure suction is complete, the valves 136A, 136B in the
mucus clearance circuit close and the valves 134A, 134B in the ventilation circuit open to
resume ventilation. This cycling between lung ventilation and mucus clearance of the patient
may be repeated for a desired number of treatments, e.g., automated cycling can occur every

few minutes while the patient sleeps or is sedated.

[0048] In one exemplary embodiment shown in Fig. 5, the medical device 500 comprises an
airtight patient interface 510 that includes an airtight mask 514 separate from the mouth
interface 318—separate in the sense that, although they are physically connected, they are not
in fluid communication (except perhaps the theoretical possibility that some small quantity of
clean gas from the ventilation portion could mix within the patient with gas removed from the
patient by the mucus clearance portion) so that mucus does not flow back through the same
conduit through which air is provided. The patient interface 510 is configured to
simultaneously hold the mask 514 in airtight fluid communication with at least the patient’s
nasal passages, hold the mouth interface 318 in airtight fluid communication with the
patient’s mouth, and keep the suction channel 120 separate from the flow channel 118 so that
mucus does not flow back through the same conduit through which air is provided. The mask
514 is in fluid communication with the flow channel 118 of the positive pressure ventilation
portion 112 and the mouth interface 318 is in fluid communication with the suction channel
120 of the negative pressure mucus clearance portion 114. The mouth interface 318 may be
removably attached to the mask 514. Further, the patient interface 510 comprises adjustable
straps 312 that may be used to secure the mask 514 to the patient’s face.
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[0049] The mask 514 of the patient interface 510 is configured to form a seal around the
patient’s nose and mouth to prohibit leakage of the positive pressure gas flow from the
pressure generation source 110. The mask 514 includes padding that provides comfort to the
patient and prohibits leakage of the gas flow between the mask and the patient’s face. The
mask 514 comprises an inlet through which air is forced into the nose for lung ventilation and
an outlet connected to the mouth interface 318 through which mucus is suctioned out of the
airway via the mouth. As shown, no fluid communication exists between the inlet and the
outlet. The inlet is connected to the flow channel 118 of the positive pressure ventilation
portion 1>12 of the device; the outlet is connected to the suction channel 120 of the negative

pressure mucus clearance portion 114 of the device.

[0050] Further, this embodiment of the device, which includes an integrated interface 510
incorporating a mask 514 for positive pressure ventilation with a separate, non-
communicating oral interface 318 for negative pressure mucus clearance, permits automated
mucus clearance of a sleeping, sedated, or otherwise uncooperative patient. The patient does
not have to open his or her mouth to achieve mucus clearance because the mouthpiece forms
an airtight seal and conmects the negative pressure mucus clearance portion 114 of the
medical device 500 with the patient’s airway. The lack of fluid communication of the mask
514 and oral interface 318 (except perhaps the theoretical possibility that some small quantity
of clean gas from the ventilation portion could mix within the patient with gas removed from
the patient by the mucus clearance portion) and the separation of the positive pressure
ventilation portion of the device 112 from the negative pressure mucus clearance portion of
the device 114 prevent contaminated respiratory secretions from being forced into the

patient’s lungs under positive pressure, reducing the risk of lung infection.

[0051] While various aspects and concepts of the invention are described and illustrated
herein as embodied in combination in the exemplary embodiments, these various aspects and
concepts may be realized in many alternative embodiments, either individually or in various
combinations and sub-combinations thereof. Unless expressly excluded herein all such
combinations and sub-combinations are intended to be within the scope of the present
invention. Still further, while various alternative embodiments as to the various aspects and
features of the invention, such as alternative materials, structures, configurations, methods,
devices, software, hardware, control logic and so on may be described herein, such
descriptions are not intended to be a complete or exhaustive list of available alternative

embodiments, whether presently known or identified herein as conventional or standard or
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later developed. Those skilled in the art may readily adopt one or more of the aspects,
concepts or features of the invention into additional embodiments within the scope of the
present invention even if such embodiments are not expressly disclosed herein. Additionally,
even though some features, concepts or aspects of the invention may be described herein as
being a preferred arrangement or method, such description is not intended to suggest that
such feature is required or necessary unless expressly so stated. Still further, exemplary or
representative values and ranges may be included to assist in understanding the present
invention however, such values and ranges are not to be construed in a limiting sense and are

intended to be critical values or ranges only if so expressly stated.
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I claim:

1. A medical device for combination lung ventilation and mucus clearance of a patient,

comprising:

a pressure generation source that provides both positive pressure gas flow for lung
ventilation and negative pressure suction for mucus clearance, wherein the pressure
generation source comprises at least one outlet for the positive pressure gas flow and at least

one inlet for the negative pressure suction;

a ventilation portion for providing positive pressure gas flow to the patient via the
nose comprising a nasal interface and a flow channel having a first end and a second end,
wherein the first end of the flow channel ‘is in fluid communication with the outlet of the
pressure generation source and the second end of the flow channel is in fluid communication

with the nasal interface; and

a mucus clearance portion for providing negative pressure suction to the patient via
the mouth comprising a mouth interface and a suction channel having a first end and a second
end, wherein the first end of the suction channel is in fluid communication with the inlet of
the pressure generation source and the second end of the suction channel is in fluid

communication with the mouth interface;

wherein the mucus clearance portion is completely separated from the ventilation
portion such that the medical device is capable of maintaining positive pressure lung
ventilation via the nasal interface while the mouth interface of the mucus clearance portion of

the device is removed from the patient.

2. The medical device of claim 1, wherein the medical device is configured to be used as

at least one of a standalone lung ventilation system and a standalone mucus clearance system.

3. The medical device of any one of the foregoing claims, wherein the medical device is
configured to be used as a standalone lung ventilation system and a standalone mucus

clearance system.

4, The medical device of any one of the foregoing claims, wherein the ventilation
portion and the mucus clearance portion are not in fluid communication, to avoid bacterial
cross-contamination between the ventilation portion and the mucus clearance portion of the

device.
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5. The medical device of any one of the foregoing claims, wherein the medical device
provides negative pressure suction to the patient via the mouth without removal of the

ventilation portion from the patient.

6. The medical device of any one of the foregoing claims, wherein the medical device
provides positive pressure lung ventilation and negative pressure mucus clearance of the
patient sequentially or concurrently without removal of either of the ventilation portion or the

mucus clearance portion from the patient.

7. The medical device of any one of the foregoing claims, wherein the medical device
cycles between providing positive pressure lung ventilation and negative pressure mucus
clearance of the patient without removal of either of the ventilation portion or the mucus

clearance portion from the patient.

8. The medical device of any one of the foregoing claims, wherein in a first
configuration the medical device permits the patient’s mouth to be free during positive
pressure lung ventilation such that the patient can speak, eat, and drink and negative pressure
mucus clearance is accomplished intermittently and on demand; and wherein in a second
configuration the medical device provides positive pressure lung ventilation and automated
negative pressure mucus clearance and permits mucus clearance of a patient that cannot open

his or her mouth on command.

9. The medical device of claim 8, wherein the automated negative pressure mucus

clearance is accomplished via a timer that initiates negative pressure suction to the patient.

10.  The medical device of any one of the foregoing claims, wherein the nasal interface

comprises a set of nasal prongs that form an airtight seal with the patient’s nasal passages.

11.  The medical device of any one of the foregoing claims, wherein the nasal interface
comprises a nasal only mask that forms an airtight seal with the patient’s nasal passages and

has at least one adjustable strap.

12.  The medical device of any one of the foregoing claims, wherein the mouth interface
comprises a mouthpiece that forms an ajrtight seal with the patient’s mouth comprising a soft
outer portion and a hard inner portion having an opening in fluid communication with the

suction channel.

13.  The medical device of claim 12, wherein the inner portion of the mouthpiece is

configured to extend past the teeth of the patient, over at least the tip of the patient’s tongue,
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and into the oral cavity or oropharynx of the patient such that the opening of the inner portion
is in fluid communication with the patient’s airway to effect respiratory secretion removal

from the patient.

14,  The medical device of any one of claims 12 and 13, wherein the outer portion of the
mouthpiece comprises a convex outer surface and a concave inner surface and is configured
to be positioned between the inner surface of the patient’s lips and the outer surface of the
patient’s gums to form an airtight seal with the patient’s mouth; and wherein the opening at
the end of the inner portion of the mouthpiece extends past the patient’s teeth, passes over at
least the tip of the patient’s tongue, and ends in the patient’s oral cavity or oropharynx about

1 to 7 cm past the teeth of the patient.

15.  The medical device of any one of the foregoing claims, wherein the nasal interface
comprises a nasal only mask having at least one adjustable strap and the mouth interface
comprises a mouthpiece configured to extend into the oral cavity or oropharynx of the

patient.

16.  The medical device of any one of the foregoing claims further comprising a nasal-oral
patient interface configured to simultaneously hold the nasal interface in airtight
communication with the patient’s nasal passages and the mouth interface in airtight

communication with the patient’s mouth.

17. The medical device of claim 16, wherein the nasal interface and the mouth interface

are removably attached to the nasal-oral patient interface.

18.  The medical device of any one of claims 16 and 17, wherein the nasal interface
comprises a set of nasal prongs and the mouth interface comprises a mouthpiece configured

to extend into the oral cavity or oropharynx of the patient.

19.  The medical device of claim 18, wherein the mouthpiece comprises a soft outer
portion and an inner portion having an opening in fluid communication with the suction
channel, and wherein the mouthpiece comprises a convex outer surface and a concave inner
surface and is configured to be positioned between the inner surface of the patient’s lips and
the outer surface of the patient’s gums to form an airtight seal with the patient’s mouth;
wherein the inner portion is made from a material of sufficient rigidity such that it may be
held between the patient’s teeth without collapsing and sufficient rigidity that the conduit
between the opening and the suction channel does not collapse during use; and wherein the

inner portion of the mouthpiece extends past the patient’s teeth, passes over at least the tip of
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the patient’s tongue, and ends in the patient’s oral cavity or oropharyrix about 1 to 7 cm past
the teeth of the patient such that the opening of the inner portion is in fluid communication

with the patient’s airway to effect respiratory secretion removal from the patient.

20.  The medical device of any one of claims 16 through 19, wherein the ventilation
portion and the mucus clearance portion are completely separated and not in fluid
communication; the nasal-oral patient interface comprises an inlet connected to the nasal
interface through which air is forced into the nose for positive pressure lung ventilation and
an outlet connected to the mouth interface through which mucus is suctioned out of the
airway of the patient via negative pressure suction applied to the mouth; and no fluid

communication exists between the inlet and the outlet of the nasal-oral patient interface.

21.  The medical device of any one of the foregoing claims, wherein at least one of the
mouth interface and suction channel is removably attached to at least one of an adjustable
bracket and a handle such that the patient can insert the mouth interface into his or her mouth

without using his or her hands.

22.  The medical device of any one of the foregoing claims further comprising a switch
that initiates negative pressure suction configured to operate at least one of one or more

valves in the suction channel and the pressure generation source.

23.  The medical device of claim 22, wherein the switch that initiates negative pressure
suction is one or more of a switch activated by the patient with his or her mouth using the
mouth interface, a switch activated by the patient by blinking, and a switch activated by a

patient produced flow of air into the mouth interface.

24.  The medical device of any one of the foregoing claims, wherein the negative pressure

suction is initiated intermittently using an adjustable timer.

25.  The medical device of any one of the foregoing claims, wherein the medical device is

battery powered to permit portability of the medical device.

26.  The medical device of any one of the foregoing claims, wherein the nasal interface
comprises a mask having at least one adjustable strap to hold the mask in airtight
communication with at least the patient’s nasal passages, and wherein the mask is configured

to hold the mouth interface in airtight communication with the patient’s mouth.

27.  The medical device of any one of the foregoing claims further comprising a control

unit configured to provide mucus clearance treatment by first delivering a deep breath of
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positive pressure gas to the patient via the ventilation portion of the medical device followed
by negative pressure suction to the patient via the mucus clearance portion of the medical

device.

28.  The medical device of any one of the foregoing claims further comprising a
preprogrammed processor programmed to provide a series of deep breaths of positive
pressure gas to the patient via the patient’s nose, each deep breath being followed by negative

pressure suction to the patient via the patient’s mouth.

29. The medical device of any one of the foregoing claims further comprising a control
unit configured to operate at least one of the pressure generation source and one or more
ventilation valves to control the positive pressure gas flow to the patient via the patient’s nose
and at least one of the pressure generation source and one or more suction valves to control

the negative pressure suction to the patient via the patient’s mouth.

30.  The medical device of claim 29, wherein the control unit comprises a preprogrammed
processor programmed to coordinate at least one of the positive pressure and negative
pressure cycling of the pressure generation source and the sequential or concurrent operation

of the one or more ventilation valves and the one or more suction valves.

31.  The medical device of any one of the foregoing claims further comprising a
preprogrammed processor programmed to control the pressure and flow characteristics of the

negative pressure suction provided to the patient via the patient’s mouth.

32.  The medical device of any one of the foregoing claims further comprising a
preprogrammed processor programmed to control the pressure and flow characteristics of the

positive pressure gas flow provided to the patient via the patient’s nose.
33, A medical device for combination lung ventilation and mucus clearance of a patient,
comprising:

a pressure generation source that provides both positive pressure gas flow for lung
ventilation and negative pressure suction for mucus clearance, wherein the pressure
generation source comprises at least one outlet for the positive pressure gas flow and at least

one inlet for the negative pressure suction;

a ventilation portion for providing positive pressure gas flow to the patient via the

nose comprising:
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a nasal only mask that forms an airtight seal with the patient’s nasal passages

and has at least one adjustable strap; and

a flow channel having a first end and a second end, wherein the first end of the
flow channel is in fluid communication with the outlet of the pressure generation
source and the second end of the flow channel is in fluid communication with the

nasal only mask; and

a mucus clearance portion for providing negative pressure suction to the patient via

the mouth comprising:
a mouthpiece that forms an airtight seal with the patient’s mouth; and

a suction channel having a first end and a second end, wherein the first end of
the suction channel is in fluid communication with the inlet of the pressure generation
source and the second end of the suction channel is in fluid communication with the

mouthpiece; and

wherein the mouthpiece further comprises a soft outer portion and a hard inner
portion having an opening in fluid communication with the suction channel, wherein
the outer portion of the mouthpiece comprises a convex outer surface and a concave
inner surface and is configured to be positioned between the inner surface of the
patient’s lips and the outer surface of the patient’s gums to form an airtight seal with
the patient’s mouth, and wherein the inner portion of the mouthpiece extends past the
patient’s teeth, passes on top of at least the tip of the patient’s tongue, and ends in the
patient’s oral cavity or oropharynx such that the opening of the inner portion is in
fluid communication with the patient’s airway to effect respiratory secretion removal

from the patient; and

wherein the mucus clearance portion is completely separated from the ventilation
portion such that the medical device is capable of maintaining positive pressure lung

ventilation via the nasal interface with the mouth interface of the mucus clearance portion of

the device removed from the patient;

wherein the medical device provides negative pressure suction to the patient via the

mouth without removal of the ventilation portion from the patient; and
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wherein the medical device provides positive pressure lung ventilation and negative
pressure mucus clearance of the patient sequentially or concurrently without removal of

either of the ventilation portion or the mucus clearance portion from the patient.
34. A method comprising the steps of:

providing a nasal interface and a separate mouth interface having a soft outer portion
and an inner portion having an opening, wherein the inner portion is made from a material of
sufficient rigidity such that it may be held between a person’s teeth without collapsing and

 sufficient rigidity that a conduit within the inner portion does not collapse during use;

positioning the nasal interface in airtight fluid communication with a person’s nasal

passages; and

inserting the mouth interface in the person’s mouth, wherein the outer portion of the
mouth interface comprises a convex outer surface and a concave inner surface and is
configured to be positioned between the inner surface of the person’s lips and the outer
surface of the person’s gums to form an airtight seal with the person’s mouth, and wherein
the inner portion of mouth interface extends past the person’s teeth, passes over at least the
tip of the person’s tongue, and ends in the person’s oral cavity or oropharynx such that the

opening of the inner portion is in fluid communication with the person’s airway; and

wherein the nasal interface and the mouth interface are separate and not in fluid

communication.

35.  The method of claim 34 further comprising: providing a pressure generation source
that supplies both positive pressure gas flow and negative pressure suction, wherein the
pressure generation source comprises at least one outlet for the positive pressure gas flow and
at least one inlet for the negative pressure suction; connecting a first end of a flow channel to
the outlet of the pressure generation source and a second end of the flow channel to the nasal
interface; and connecting a first end of a suction channel to the inlet of the pressure
generation source and a second end of the suction channel to the mouth interface; and
wherein the flow channel and the suction channel are separate and not in fluid

communication.

36.  The method of any one of claims 34 and 35, wherein the nasal interface comprises a
nasal mask and further comprising securing the nasal mask to the person using adjustable

straps.
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37.  The method of any one of claims 34 through 36 further comprising securing a nasal-
oral patient interface to the person to simultaneously hold the nasal interface in fluid
communication with the person’s nasal passages and the mouth interface in communication

with the person’s mouth.

38.  The method of any one of claims 34 through 37, wherein the nasal interface

comprises a set of nasal prongs.

39. A method of combination lung ventilation and mucus clearance of a patient,

comprising the steps of:

providing a positive pressure flow of gas to the lungs of the patient via a first interface

in airtight fluid communication with the patient’s nasal passages; and

providing a negative pressure suction to the airway of the patient via a second
interface in airtight fluid communication with the patient’s mouth, wherein positive pressure
lung ventilation and negative pressure suction are provided sequentially or concurrently
without removal of the first interface or the second interface from the patient, and wherein the
first interface is separate from the second interface such that the interfaces are not in fluid

communication.

40.  The method of claim 39, wherein negative pressure suction is provided to the patient
intermittently and on demand and the second interface is removably attached to at least one

of an adjustable bracket and a handle to hold the second interface in proximity to the patient.

41.  The method of any one of claims 39 and 40, wherein negative pressure suction is
automated using an adjustable timer and a patient interface is configured to simultaneously
hold the first interface in airtight fluid communication with the patient’s nasal passages and

the second interface in airtight fluid communication with the patient’s mouth.

42.  The method of any one of claims 39 through 41, wherein the second interface
comprises a soft outer portion and an inner portion having an opening; and wherein the outer
portion of the second interface comprises a convex outer surface and a concave inner surface
and is configured to be positioned between the inner surface of the patient’s lips and the outer
surface of the patient’s gums to form an airtight seal with the patient’s mouth; wherein the
inmer portion is made from a material of sufficient rigidity such that it may be held between
the patient’s teeth without collapsing and sufficient rigidity that the conduit between the
opening and the suction channel does not collapse during use; and wherein the inner portion

of second interface extends past the patient’s teeth, passes on top of the patient’s tongue, and
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ends in the patient’s oral cavity or oropharynx such that the opening of the inner portion is in
- fluid communication with the patient’s airway to effect respiratory secretion removal from

the patient.

43.  The method of any one of claims 39 through 42 further comprising providing a deep
breath of positive pressure gas to the lungs of the patient via the first interface followed by

negative pressure suction to the airway of the patient via the second interface.

44.  The method of any one of claims 39 through 43 further comprising providing a series
of deep breaths of positive pressure gas to the lungs of the patient via the first interface, each
deep breath being followed by negative pressure suction to the airway of the patient via the

second interface.

45.  The method of any one of claims 34 through 44 further comprising providing the

medical device of any one of claims 1 through 33.
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