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TECHNICAL FIELD

The invention disctosed herein relates generally to rehabilitation systems and

methods. More particutarly, this disclosure is directed to a system and method for

enabling pulmonary rehabilitation, in both gym and homecare settings and during

activities of dafly Hiving. through the provision of reépiratory assistance via “high flow” by

the application of positive pressure to the airway of a patient,

BACKGROUND OF THE INVENTION

In recent decades, Chronic Obstructive Pulmonary Disease (COPD) has become

a major cause of morbidily and mortality in the United States. Pulmonary diseases,

such as COPD, reduce the ability of one or both lungs to fully expel air during the

exhalation phase of the breathing cycle. COPD is commonly characterized by the
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presence of airflow obstruchon due to chromic bronchiis or emphysema The airfiow
obstruction in COPD often denves from structural abnormahties in a person s smailer
arways The causes of COPD include inflammation fibrosis goblet celi metaplasia
and smooth muscle hypertrophy 1n the terminal bronchioles  As of 1991, COPD has
increased by thirty-three percent (33 %) since 1979 to become the fourth leading cause
of death in the United States

The symptoms of Chromic Obstructive Pulmonary Disease include coughing.
breathlessness. and wheezing deriving from chromic bronchitis and emphysema. Artlow
obstruction limits the patient's airflow during exhalation. The symptoms of COPD
progressively worsen over time with sporadic exacerbations often requiring
hospitalization. As a resuit, COPD patients expenience a consistently worsening
baseline breathing status. Breathlessness tends to be induced at lower and lower levels
of effort until it becomes & constant presence. Patients experiencing COPD often are
consequently limited in their ability to perform nonmal tasks and exercises.

Currently, there is no cure for COPD. Prior art freatments for COPD and other
respiratory matadies have included efforts to prevent or limit further respiratory damage,
pharmacotherapy, and surgery. For example, further respiratory damage has been
minimized through the adoptior of a healthy lifestyle, such as through a cessation of
smoking, regifar exercise, and weight control. However, patients seeking fo improve
putmonary function are often hampered and even prevented from doing so by the very
problems they are seeking to address. Such patients commonly require pulmonary
rehabilitation programs including ventitatory muscle training and breathing retraining.
Long-term oxygen therapy may also be raquired.

Pharmacotherapy has included bronchodilators, Including beta-agonists, anti-

cholinergics, and theophyliine, and ant-inflammatories to open up patients’ airways as
2
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much as possible Other patients have taken spratropum Dromide or steroids such as
cortcosteroids Furthermore, antibwobcs have peen amployed {o prevent infections and
influenza Stll further, pheumococcal vaccoines are ofteny administered Unfortunately
there 1s no evidence that even early regular use of pharmacotherapy will prevent the
progression of COPD

Surgical intervention has had some success in increasng forced expiratory
volume and decreasing total lung capacaty thereby improving patients’ lung function.
dyspnea. and overall quality of hfe. I one common type of surgery, termed lung volume
reduction surgery (LVRS), the most affected portions of a patient’s kings are removed
under the theory that the tethering force that tends to keep the intrathoracic airways
open was lost in emphysema. By surgically removing the most affected parts of the
tungs. the force could be partially restored. improvements in pulmonary function after
surgery have been attributed to at least four §ossible mechanisms, including enhanced
elastic recoil, correction of ventifationfperfusion mismatch, improved efficiency of
respiratory musculature, and improved right ventricular filling.

Under the teachings of U.S. Patent No. 6,258,100, a king may be collapsed by
obstructing an air passageway contmunicating with the lung portion, such as by placing
an obstructing member in the air passageway. Once the aiy passageway s sealed, the
residual air within the fung will be absorbed over time to cause the lung portion to
cofiapse. Under U.S. Patent No. 6,328,688, a lung constriction device including a sleeve
of elastic material is configured to cover at least a portion of a lung. The sleeve has a
pair of opened ends to permit the fung portion to be drawn into the sleeve. Once drawn
therein, the lung portion is constricted by the sleeve to reduce the size of the fung
portion. In other cases, Lung transplantation surgery has been employed in an atfempt

to combat COPD,
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(nsadvantageously surgerny whetner i the form of fung volume reduction
surgery lung transplantaton or substantiaily any other type of surgery 1s a highly
nvasive option that represents an inherent danger {o the patient  Furthermore. fung
transplantation 1s often not an option to patients, parucularly those with less acute
COPD. since lung transplantation requires the corresponding availability of a suitable
donor organ.

With the foregoing in mind, it will be appreciated that there is a need for effective
methods and systems for combating COPD. More specifically, there is a need for a
therapy that is less invasive and less traumatic than LVRS and that i1s capable of
providing more permanent resufts than pharmacotherapy in enabling improved

breathing in patients thereby to permit exercise and participation in daily activities.

SUMMARY DISCLOSURE OF THE INVENTION

The present invention is founded on the basic object of providing a putmonary
rehabilitation system and method applicable in home and health care settings that can
enagble persons suffering from chronic obstructive puimonary disease and other
pulmonary maladies to engage in rehabilitation, exercise, and, in certain embodiments,
everyday activities in an efficient and comfortable manner.

A more parficutar object of embodiments of the invention is to provide a
pulmonary rehabilitation system and method applicable in home and health care
setings that enable increased mobility for those suffering from pulmonary disease.

A related object of embodiments of the invention is to provide a pulmonary
rehabilitation system and method that enable increased activity and exercise for those
suffering from pulmonary disease.

Another particular object of embodiments of the invention s to provide a

4
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pulmonary rehabiltation system and method that enable an agjustmeant of air flow rates
oxygenahon air temperature, and other properties to accommodate varied
arcumstances and to provide comfort and ease of respiration 1o a user

Stll another object of particular embodiments of the invention 1s to enable an

n

improvement of a patient's pulmonary condition without resort toinvassve operative and
other procedures
These and further objects and advantages of embodiments of the invention will
become obvious not only to one who reviews the present specification and drawings but
also to one who has an opportumity to make use of an embodiment of the instant
10 invention for a pulmonary rehabifitation system and method applicable in the home and
health care setting, including during attivities of daily living. However, it will be
appreciated that, afthough the accomplishment of each of the foregoeing objects in a
single embodiment of the invention may be possible and indeed preferred, not att
embodiments will seek or need to accomplish each and every potential object and
15 advantage. Nonetheless, all such embodiments should be considered within the scope

of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS
In the accompanying drawings:
20 FIG. 1 is a schematic view of a pulmonary rehabilitation system pursuant to the
present invention;
FIG, 2 is a schematic view of an embodiment of a mobite pulmonary rehabilitation
system according fo the instant invention;
FIG. 3 is a schematic view of an embodiment of a pulmonary rehabilitation

25  systern for use in conjunction with an exercise program according to the invention
5
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disciosed naem

Fits 4 1s a perspective view of a mobide pulmonary rehabilitation system
accorging to the present invention in a waist pack configuration

FIG 51sa perspective view of the mobile pulmonary rehabihtation system of FIG
4. a partially disassembied condition,

FIG 615 a perspective wview of a mobile pulmonary rehabilitaton system as
disciosed herein in a should pack configuration;

FIG. 7 is a perspective view of the mobile pulmonary rehabilitation system of FIG.
& in an opened condition;

FIGS. 8 and 9 are photographs of a patient receiving pulmonary rehabilitation
from a pulmonary rehabilitation system as taught herein;

FIG. 10 is a photograph of an oxygen flowmeter for use under the present
invention;

FIG. 11 is a photograph of a compressed air fowmeter usable with the invention
disclosed hereiry,

FIG. 12isa photograph of a nasal cannula for use in pulmonary rehabilitation as

taught herein;

FIG. 13 is a photograph of a column humidifier as used under the instant
invention,

FIG. 14 is a photograph of a heating / humidifying system usable pursuant to the
putmonary rehabilitation system;

FIG. 15 is a photograph of a connection arrangement as {aught herein;

FIG. 16 is a photograph of a further connection arrangement as taught herein;

FIGG. 17 is a photograph of a large bore conduit for use under the present

invantion:
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FIGS 8 and 1% 55 2 photograph of a cannula arangement
FIGS 20-24 are photographs of connectors usable under the presentinvention
FIG 2515 a photograph of a heating / humidifying system under the present
invention
5 FIGS 26-28 are photographs of an ar-oxygen blending arrangement for use
under the instant nvention.
FIG 29 1s a perspective view of another embodiment of a pulmonary
rehabilitation system under the present invention;
FIG. 20 is a view in rear efevation of the system of FIG. 29
10 FIG. 31 is a partially sectioned view of a system under the instant invention;
FIG. 32 is a top plan view of a controt panet;
FIG. 33 is a partially sectioned view of a further system under the instant
invention:
FIG. 34 is a partially sectioned view of yet another portable pulmonary
15 rehabilitation system as taught herein;
FIG. 35 is a view in front elevation of a control and access panel;
FIG. 36 is a top plan view of a further controt and access panel for use in relation
fo a pulmonary rehabilitation system;
FIG. 37 is a partiaily sectioned view of a further portable pulmonary rehabilitation
20 system as taught hereiny
FIG. 38 is a perspective view of a hands free walker attachment;
FIG. 39 is a perspactive view of a "follow me” arrangement for use under the

invention disclosed herein.

25 DETAILED DESCRIPTION
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As s the cage wifh many inventons the present inveation for g systeam and
method tor pulmonary rehapidation by the application of positive airway pressure i
subject to a wide vanety of embodiments However, o ensure that one skilled n the an
will be able to understand and in appropnate cases, practice the prasent invention,
certain preferred embodiments of the broader invention revealed herein are described
below and shown in the accompanying drawing figures  Before any particular
embodiment of the invention is explained in detall, it must be made clear that the
following details of construction, descnptions of geometry, and lustrations of inventive
concepts are mere examples of the many possible manifestations of the mvention.

Looking more paricularly to the drawings, a basic system for pulmonary
rehabilitation by the apptlication of positive ainway pressure is depicted schematically in
FIG. 1t where the system is indicated generaily at 10. The pulmonary rehabilitation
system 10 has a pressurized air input 12 that combines with a pressurized oxygen input
14. The fow of air can be controfied by an air input controt vatve 18, and the flow of
oxygen can be controlled by an oxygen input controf vaive 18. The flow of air and the
flow of oxygen can be varied individually and proportionally as will be described further
hereinbelow. in one example of the invention, the flow of air can be varied between
approximately 8 and approximately 40 ters per minute (L) and the oxygen flow can
be varied between approximately 5 and approximately 37 L/M.

The pressurized air, the pressurized oxygen, or, if after the two are combined, the
combination thereof can be humidified by any effective method with a volume of sterile
water 20. A heat source 22 can be applied to the pressurized air, the pressurized
oxygen, or the combination thereof to bring it {o an elevated temperature condition. In
one specific practice of the invention, the heat source 22 can raise the gas fo a

temperature of, for example, 33.5 degrees Celsius. An output conduit 24 can be
8
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fludically connected 10 an autpur connecton 30, which can be coupled to a patent
cannula 26 or other means for imparting the positive pressure proviaed by the
pulmonary rehabiitation system 10 to an airway of a patient A condensation return 28
can be provided in certain embodiments for returning candensed fluid to the volume of
water 20

The pulmonary renabiitation system 10 and the methods by which the same can
be used can pursue widely varied embodiments. In one manifestation of the invention.
for example, the pulmonary rehabilitation system 10 can be constructed for mobile
usage to provide, among other things, increased mobility to persons who could be aided
by the positive airway pressure prowvided by the presentinvention. One example of'such
a manifestation of the invention is depicted schematically in FIG. 2 where components
of the pulmonary rehabilitation system 10 are retained by a mobile casing 15. The
mobile casing 15 can, by way of example, take the form of a waist pack, a backpack, a
shoulder pack, rolling backpack, or any other readily portable arrangament. The mobile
casing 15 could comprise a mesh casing, a plastic casing, or any other type of mobile
casing or combination thereof.

Air can be drawn info the pulmonary rehabilitation system 10 of FIG. 2 through a
fitter 32, which can comprise g HEPA filter or any other suitable filter 32, by operation of
a fan 36 that is operated by a fan motor 38. The fan motor 38 can be powered by a
power source 40, which can be a primary power source. In one embodiment of the
invention, the fan motor 38 can comprise a DC brushiess motor and the fan 38 can
comprise a set of tbofan blades. Both can be disposed inline with the filter 32. A
secondary power source 42 can provide an alternative source of power, and a power
source selector 72 can enable a manuai and, additionally or alternatively, an automatic

selection between the primary and secondary power sources 40 and 42,
9
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A power inchcatar / alarm B2 can prowide a visual audible {1 e "Battery Low or
the hke). tachie or any other type of indicaton of the power remaining in either or Doth
power sources 40 and 42 The power indicator / alarm 62 can addiionally enter an
alarm condiion when either or both power sources 40 and 42 falls below a
predetermined mimmum power reserve. The primary and secondary power SOUrces 40
and 42 can be rechargeable by use of a charging port 60 or any other effective
arrangement. The pnmary and secondary power sources 40 and 42 could each
comprise. for example, one or more lithrum batteries, which could be rechargeable by
use of a 110 V AC /60 Hz home charger or a 12V DC mobile charger.

Air can reach the fan 36 from the filter 32 either directly or through a conduit 34,
which can comprise, by way of example. a 2-inch tube configured infine with the fan 36.
Of course, it will be appreciated that the order of these and other components in the
pulmonary rehabilitation system 10 could be readily interchanged. Forexampte, the fan
36 could readily drive air through the filter 32 instead of drawing the air therethrough.
A¥r can be driven through a compression conduit 46 that can namow in cross sectionat
area to produce a compression of the air driven therethrough. In one embodiment, the
compression conduit 45 can comprise a flexible tube of annular cross section that can
narrow as it winds through the mobile casing 15 to a diameter of 0. 125 inches over a 20-
inch tength of conduit.

Compressed, the air then travels through heated conduit 48 to bring the airto an
glavated temperature condition. The heated conduit 48 can, for example, comprise one
or more heated stainless steel tubes. Now heated, the compressed air can be passed
through a venturi chamber 50 with a portion of reduced cross section. A water conduit
54 can be disposed in the venturi 50, such as just afler the portion of reduced cross

section, to enable the creation of a relative vacuum of air by a venturi effect. A water
10
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supply 52 can be disposed »n fiundic assocanon with the water conduit 54 such that
water can be drawn through the water congwt 54 and into the stream of air thereby
misting and humdifying the compressed heated arr  The water supply 52 can be of any
suitable type  in centain embodiments the water supply 52 can comprise a removable
and replaceable container of water. such as a 2-ounce vial of stenle water

The heated. compressed, and humidified air can, in certain practices of the
invention. be infused with a volume of compressed oxygen from an oxygen source 56.
such as an oxygen tank. a wall outlet. or any other source. In the depicted embodiment,
an oxygen supply conduit 58 is coupled to an output hose 24 from the venturi 50 ata Y
connector 55. An output branch of the Y connector 55 can be flutdically coupled o an
air output connector 30, which can be disposed to an exterior portion of the mobite
casing 15. The output connector 30 can in tum be adapted for removably and
reptaceably coupling to a patient air supply arrangement, which in this case comprises a
nasal cannula 26. Other air supply arrangements are, of course, possible and well
within the scope of the present invention.

A control interface 65 can be retained relative to the mobile casing 15 to enable a
control of certain variables during operation of the pulmonary rehabilitation system 10.
A system control unit 44 is operably associated with the control interface 65, the power
sources 40 and 42, and the remaining components of the pulmonary rehabilitation
system 10. The volume of air driven through the system 10 can be selectively varied by
use of an air volume control 64 fo control the operation of the fan 36. The oxygen
supply can be adjusted by operation of an oxygen supply contrel 66 to control output
from the oxygen source 56. The humidity added to the flow of air from the water supply
82 can be manipulated by use of a humidity control 68, Still further, a heat control 70

can adjust the temperature condition of the volume of air as affected by the heated
11
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conduit 48 A kd 74 which can be clear can be provided 1o shueld the control interface
65

One maobile version of the pulmonary rehabihitation system 101s depicted in
FIGS 4 and 5. where the pulmonary rehabiiitation system 10 1s configured as a walst
pack There. abelt arrangement 96 can be empicyed to retain the maobile urit 15 about
the waist of a patient  Access to the interior components of the pulmonary rehabilitation
system 10 can be had by operation of a zipper 98 A water level indicator window 102
can be provided in the shell of the mobile unit 15 to enable a viewing of a water tevel of
the water supply 52. The charging port 60, the output connector 30, and the inlet filter
32 are disposed to a side of the mobile unit 15 while the air volume control 64, the
oxygen supply control 66, the humidity controt 68, the heat controt 70, the power source
selector 72, and the power indicator / alarm 62 can be disposed to a top of the mobile
unit 15.

FIGS. 34 through 37 again depict a mobile version of the pulmonary rehabilitation
system 10 in belt form. A belt 96 ts again provided for being worn about a patient’'s
waist. In FIG. 34, a battery 40 provides power to the system 10. A compressor 45 is
amployed for compressing gases within the system 10. An insulated heater 48 heats
compressed gases provided by the compressor 45, and a water tank 52 provides water
to hydrate air supplied fo a patient. An oxygen port 30 is provided for enabling a titration
of oxygen inline to the nasal cannula thereby to enable a provision of heated,
humidified, and compressed air titrated with oxygen. Control panels for the system 10
are shown in FIGS, 35 and 36 again with simifarly employed reference numerals with
the addition of an air meter 47. In FIG. 37, an oxygen tank 56 is additionally provided.

In FIGS. 6 and 7, the pulmonary rehabilitation system 10 takes the form of a8

backpack. Backpack straps 100 are provided for retaining the mobile unit 15 relative to
12
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a user s shoulders The water levelindicator wingow 102 and the filter 32 are disposed
to an extenor side of the mobile unit 15 An air output connecior 3015 disposed to a top
side of the mobile unit 15 such that the cannula 26 would be readily available to a user
of the pulmonary rehabilitation system 10 A zipper 98 can agamn be provided for
enabling access to the ntenor components of the pulmonary rehabilitation system 10

Altemative embodiments of the pulmonary rehabibtation system 10 can be
canfigured for use in a less mobile manner, such as might be used by a patient 300 in a
pulmonary rehabilitation program on. by way of example, a treadmill, a stair machine, a
stationary bicycle, or any other exercise device 200. Such an embodiment of the
putmonary rehabilitation system 10 is depicted schematically in FIG. 3 and in
photographs in, forexample, FIGS. 8and 9. As FIG. 3 depicts, air can be provided by a
compressed air source 75, which can be an air compressor, a wall source, an air tank,
or any other source of compressed air  Similarly, compressed oxygen can be provided
by an oxygen source 58, which can comprise an oxygen {ank, a wall seurce, or any
other source of oxygen.

An oxygen flowmeter 76 can measure and reguiate the flow of oxygen from the
oxygen source 56 while a compressed air flowmeter 78 can measure and reguiate the
flow of compressed ailr from the compressed air source 75. The oxygen flowmeter 76
can in certain embodiments be calibrated to regulate flow between 1 and 75 L/M and
can Be plugged into a 50 psi oxygen wall outlet. The compressed air, which can also be
provided by a 50 psi oxygen wall outlet, fravels from the compressed air flowmeter 78
through a compressed air conduit 59. The comprassed air conduit 58 couplesto a first
branch of 8 Y connector 80. The compressed oxygen travels from the oxygen flowmeter
76 through an oxygen supply conduit 58, which couples to & second branch of the Y

connactor 8Q.
13
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The gutlet branch of the Y connector 805s flunchically associated with a heating /
humidifying system 84 by use of a cone adaptor 2 The heating / humidifying system
84 can be prowided as a stand alone arrangement or it can be assembled from
necessary compaonents as in the mobile embodimentof FIG 2 One knowledgeabte in
the art will be aware that paor art heating / humidifying systems 84 have been disclosed
that are essentally self-contained One such heating / humidifying system 84 is sold
under the trademark CONCHA by Hudson Respiratory Care, Inc

Heated and humidified. the compressed air and oxygen gas can pass through a
large bore conduit 88. A thermometer port 88 can be fluidically associated with the
large bore conduit 88 to enable a sensing of the gas temperature. The large bore
conduit 88 can be coupled ¢ a cone adaptor 92 by an adaptor 80. In turn, the cone
adaptor 92 can be coupled to an output conduit 24. The output conduit 24 can couple to
an output connector 30, which can removably and replaceably engage a nasal cannuta
26 or any other arrangement for providing the heated, humidified, and oxygenated gas
to a patient.

A control interface 65 can again be retained relative to the pulmonary
rehabiiitation system 10 to enable a control of certain variables during operation thereof,
and a system control unit 44 can be operably coupled with the control interface 65 and
the remaining components of the pulmonary rehabilitation system 10. A power source
40 in the present embodiment can comgrise a power cord, which could be
supplemented by a secondary, battery-type power source 42 where necessary or
desirable. The volume of air driven through the system 10 can be selectively varied by
use of an air volume control 84 to control the compressed air flowmeter 78. The oxygen
supply can be controiled by operation of an oxygen supply control 68 to contro the

oxygen flowmeter 76, The humidity added fo the flow of air by the heating / humidifying
14
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system 84 can be mampulated by use of a humidity control 88 Stil further a heat
control 70 can adjust the temperature conditon of the volume of air as affected by the
heatng / humidifying system 84 Again. a Iid 74 can be provided to shield the control
interface 65

The overall pulmonary rehabilitation system 10 can be disposed on wheels 94 or
any other arrangement for enabling a portability of the system 10  In certain
embodiments. the wheels 94 can comprise the wheels of an IV stand, and the
puimonary rehabilitation system 10 can be retained relative thereto  The puimonary
rehabilitation system 10 can thus be used in varied locations and. where desirable, in
refation o various exercise devices 200, such as treadmills. stair climbers, stationary
bicycles, and any other type of exercise device 200.

An alternative portable pulmonary rehabilitation system is indicated at 110 in, for
example, FIGS. 29, 30, and 31. There. the system 110 has a nasal cannula 112
flutdically coupled to a case 118 by an thermally insulated tube 114. interposed atong
the tube 114 is what can be termed a weak link disconnect 116, which can alfow the
tube 114 to separate when necessary. The case 118 has a telescoping handle 120
coupled thereto. A cannula resting hook 122 enables a retention of the nasal cannuia
112 during periods of non-use. A ramp flow control 124 is pravided for controliing air
output. The ramp flow control 124 can operate, for example, by enabling a depressing
of a button to ramp up air flow, such as by increments of 5-10 fpm. Flows canbe preset
as prescribed by a physician.

An oximeter 128 is operably associated with the system 110 for enabling a
iesting of oxygen levels in a patient's blood. An oxygen controt knob 128 is retained on
the case 118, and vents 130 allow a flow of air into and out of the open inner volume of

the case 118.
15
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Fower fnr the system 110 can be provided by a battery 148 such as a Li-ion
battery External power for powenng the system 110 and possibly for recharging the
battery 148 can be provided through a power cord 132 The system 110 can have
wheels 134 rotatably attached to the case 118 In certain embodiments one of both
wheels 134 can be lockable to fix the system 110 against inadvertent movement The
case 118 can have a pouch 136 for enabling a storage of personat tems. attachments,
replacement components, and the like. A closure flap 138 can enable assess to the
open inner volume of the case 118,

As FIG. 31 shows, the system 110 can retain a volume of sterile waterin a water
compartment 144, Oxygen can be refained in an oxygen canister 142, and a
compressor 146 can operate to compress fluids in the system 110. Power can be
provided by a rechargeable batter 148. Water and oxygen can pass through a ventun

140 prior to being dispensed to the patient through a hose 114 leading to a cannula 112.

In the aftemative construction of the system 110 of FIG. 33, first and second
batteries 148A and 1488 can provide power. A compressor 148 and an oxygen tank
142 are fluidically associated with a heater humidifier 172,  An oxygen connector 176
can enable a secondary exchange of fluids. A purge valve and collection bag
arrangement 174 can be interposed along the insulated fube 114, Presets 155, such as

parameters established by a doctor, can be provided for use of the system 110.

16
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A control panel 156 for the system 11015 shown in FIG 37 The control panel
155 has a batiery indicator 158 a humidity regulator 160 an oxygen flow rate control
162 an oximeter display 164 a pedometer 166. a heast regulator 168 and a
compressed air flow rate control 170, The control panel 156 can be suitably locate® on
the case 118 such as by being at the top thereof as in FIG 28  Audible and visual
alarms can be built into the oximeter display 164 and the battery display 158 for
providing alarms regarding vananceas from predetenmined operating condittons.

With combined reference to FIGS. 30 and 39, one sees that the system 110 can
include secondary wheels 150 attached to the case 118 by a pivoting wheel mount 152,

Under this construction, the system 110 can be most stably supported by pivoting the
pivoting wheel mount 152 away from the body of the case 118 thereby to provide
muttiple points of contact with a ground surface.

In a further aspect of the invention, a “follow me” transceiver 154 can be operably
associated with the case 118, and a “follow me” member, such as an ankle band 188,
with a “follow me” transponder 192 disposed thereon can be retained by a patient. The
battery 148 can provide power fo a propuision system. By means known to those skilled
in the art, therefore, the case 118 can be programmed to follow a patient automatically
with no need for a physical pushing or pulling of the case 118 by the patient.

A tower technology hands-free arrangement is shown in FIG. 38. There, a belt
180 with a hook and foop 185 or other fastening arrangement is provided for being wom
by a patient. A tether 182 has afirst end fixed {o the belt 180 and a second end fixed to
a handie attachment 186 that can be empiloved {o couple o the handle 120 of the
system 110, such as by a hook and loop arrangement. A resilient member 184 can be
interposed along the tether 182 {o minimize smooth a towing of the case 118 as a

patient walks with the belt 180 disposed around his or her waist.
17
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As FIGS &and 9 show the pulmonary rehabilitation system 10 can be employed
to provide respiratory aswistance to a patient 300, such as a patent with chromc
obstructive pulmonary disease (COPD). by the apphcation of positive airway pressure
through the nasal cannula 26 or other arrangement. More particulady st has been found
that the pulmonary renabiitaton system 10 can decrease a patient's shortness of breath
by opening hus or her ainvay by operation of a high flow / pressure system 10 that emits
filtered, heated. humidified. oxygenated, and compressed aw  The pulmonary
rehabilitation system 10 can. therefore, enable the patient to exercise at increased
levels and for increased periods of time as compared to the patient’s ability to do so
without the pulmonary rehabiitation system 10.

Where the pulmonary rehabilitation system 10 is mobile as in the embodiments
of, for example, FIGS. 2 and 4-7, the system 10 can decrease shortness of breath by
opening the patient's airways with filtered, heated, humidified, and oxygenated air while
the patient is ambulating and during activities of daily living. Mobile versions of the
pulmoenary rehabiitation system 10 are self contained, highly portable, and comfortable
to wear. Furthermore, while air is advanced through muitiple stages, the system 10
outputs a smooth and continuous stream of air for the patient.

Since the emitied air is heated and humidified, there will not be a drying effect on
the patient's nasal cavity. Also, by exploiting the ability of the system 10 to adjust air
pressure, a therapist, a patient, or other user can decrease the patient’s shortness of
breath by increasing the pressure in the patient’s airway to keep the airway open during
a pulmonary rehabifitation exercise session. Furthermore, with the ability to adjust the
oxygen contenit of the emitted air, a user can adjust oxygen as necessary or desirable to
maintain adequate oxygen saturation. In certain embodiments, an oximeter with

automatic biofeedback adjustment can be built into the pulmonary rehabilitation system
18
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10

Sull further, consumable components of the pulmonary rehabiitaton system 10
whether in the mobiie versien or what can be termed the exercise device versien can
be readily exchanged For example, the heating / humidifying system 84 and the
components thereof can be disposable and readidy replaceable Also pre-filled
disposable stenle water containers can be employed as the water supply 52 Even
further, the filter 32 can be readily removed. disposed of. and replaced Ewven further,
where an oxygen tank i1s employed as the oxygen source 56, the tank can be readily
removed and replaced when spent. Similarly, should one or both hatter power sources
40 and 42 need replacement. a user need only open the mobile unit 15 to access the
same.

During usage of the pulmonary rehabiitation system 10, whether in relation to an
exercise device 200 or otherwise, the patient 300 is instructed to breathe the air emitted
by the nasal cannuta 26 in through his or her nose while keeping his or her mouth shut.
Such a practice will create a positive airway pressure thereby to tend to keep the
patient's airways open. Where a patient 300 has difficulty keeping his or har mouth
closed, a higher flow of air can be provided {o increase patient comfort. In practice, the
pasitive alr pressure and rehabilitation provided by the pulmonary rehabilitation system
10 may be administered pursuant fo the instruction and prescription of a medical doctor
who has ideally received training through a pulmonary rehabilifation program.
Preliminary, subsequent, or additional rehabifitation may be provided in supplementation
of pulmonary rehabifitation programs exploiting the present invention. With certain
details and embodiments of the present invention disclosed, it will be appreciated by
one skilled in the art that numerous changes and additions could be made therelo

without deviating from the spirit or scope of the invention. This is particularly true when
19
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ane bears 1n mind that the presently preferred embodiments merely exemphfy the
broader nventon revealed herein  Accordingly . it will be clear that those with major
features of the inventbon in mindg could craft embodiments that incorporate those major
features while not mncorporaung att of the features included in the preferred
embodiments

Therefore. the following claims are intended to define the scope of protection to
be afforded to the inventor Those claims shall be deemed to include equivalent
constructions insofar as they do not depart from the spirit and scope of the invention It
must be further noted that a plurality of the following claims express certain elements as
means for performing a specific function, at times without the recital of structure or
material. As the law demands, these claims shalt be construed to cover not only the
corresponding structure and material expressly described in this specification but also

all equivalents thereof.
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CLAIMS
We claim as desenvng the protecton of Letters Patent
1 A system {10) for pulmonary rehabilitation by the apphcation of postbive airway

pressure, characterized in that the system (10) compnses

(@)

a source of pressunzed av (12)

a source of pressurized oxygen {14)

controt arrangement for enabling a control of the sources of pressurized air (12)
and pressurized oxygen (14);

a source of stenle water (20);
10 a source of heat (22}, and
an output arrangement (26) for providing pressurized and heated air and oxygen

to a patient.

2. The system (10} of claim 1 further characterized in that the system (10)

15 includes a mobile casing {15, 118).

3. The system {10} of claim 2 characterized in that the mobile casing (15, 118)
is chosen from the group consisting of a waist back, a waist pack, a backpack, a
shoulder pack, and a rolling backpack.
20
4. The system (10} of claim 1 characterized in that the system (10) further

comprisas a venturi chamber (50}

5. The system (10} of claim 1 characterized in that the output arrangement (26)

25  comprises a nasal cannula {26).
21
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& The system (105 of clair & characterized in that the output arrangement (26}
y g

further comprises a weak link disconnect {118 interposed along the output arrangement

7 The system (10} of ctaim 2 characterized in that the mobile casing (118} has

wheels (134) disposed thereon for enabling a roliing of the mabile casing {118).

8. The system (10} of claim 7 further characterized in that the system (10)
10 further comprises secondary wheels (150) rotatably coupled to the casing (118) for

providing secondary support to the casing (118).

9. The system (10) of claim 7 characterized in that the system (10) further
comprising a2 means for enabling an automatic following of a patient by the casing {118).

15
10. The system (10) of claim 9 characterized in that the means for enabling an

automatic following of a patient comprises a tether (182).

11. The system {10} of claim 10 characterized in that the means for enabling
20 an automatic following of a pafient further comprises a resillent member (184)

interposed along the tether (182).

12, The system (10) of claim 9 characterized in that the means for enabling an
automatic following of a patient comprises a “follow me” arrangement (154, 192} for

25  enabling an automated following of a patient.
22
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13 The system (10) of claim 7 characterized in that the system (10) further

comprises a telescoping handie (120} operably coupled to the casing (118)

23
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