
WO 2012/158394PCT/US2012/036876 MECHANICAL INSUFFLATION/EXSUFFLATION AIRWAY
CLEARANCE APPARATUS BACKGROUND OF THE INVENTION Field of the Invention
5The present invention relates to medical devices, more particularly, to
devices that aid in breathing and in inducing coughs. The Prior Art
Professionals using mechanical Insufflators/Exsufflators 10(MIEs) have
realized over the years that there are serious limitations to current
machines. There have been no real improvement in MEI functionality in 50
years.         Parents of pediatric patients, as well as many adult
patients, take the machine everywhere with them. Size and 15 weight are a
problem.      MEIs typically operated on 120 volts AC. In order to operate
in many vehicles with a 12 volt DC system, inverters have to be installed,
which are expensive and complicated to install. 20A major concern of the
medical community is the use of an MIE on sicker patients with compromised
lung function and reduced functional residual capacity because current MIEs
do not incorporate positive end expiratory pressure on the expiratory
phase. 25For many patients with thick secretions, current MIEs need a great
amount of time and additional intervention to mobilize and remove them. 



Many pediatric, elderly, and stroke patients have difficulty synchronizing
with the breathing pattern of the 30 current MIEs. SUMMARY OF THE INVENTION
The MIE apparatus of the present invention has a case that houses an
adjustable speed blower, a valve subassembly with a direction valve and an
oscillator, a hose connector, a 35 controller, a power supply, and a touch
screen. WO 2012/158394PCT/US2012/036876     The blower intake is connected
to an intake port on the direction valve and the blower exhaust is
connected to the exhaust port on the direction valve. The common port of
the direction valve is connected to the valve port of the 5 oscillator and
the connector port of the oscillator is connected to the mask hose
connector. The air flow path between the blower and the hose connector is
the channel. The apparatus has two primary modes: insufflation and
exsufflation. In insufflation mode, the direction valve 10 connects the
blower exhaust to the oscillator, causing positive pressure at the hose
connector. In exsufflation mode, the direction valve connects the blower
intake to the oscillator, causing negative pressure at the hose connector.
To induce a cough, the apparatus starts in the insufflation 15 mode to fill
the lungs and then quickly switches to exsufflation mode, rapidly deflating
the lungs and thereby stimulating a cough.     The oscillator is a
butterfly valve with a chamber and a 360 rotating disc within the chamber.
During the 20 insufflation, the disc is rotated to a stationary position of
high, medium, or low flow rate to modulate the airflow. In the high
position, the disc is parallel to the channel and, at the low flow rate,
the disc is almost perpendicular to the channel. 25During exsufflation, the
oscillator is either inactive or is in a "flutter" mode. If inactive, the
disc is parallel to the channel to maximize airflow. In flutter mode, the
disc is continuously rotated, causing the channel size to rapidly 



change from a maximum flow rate to minimal flow rate and 30back.     The
apparatus can operation in manual mode or automatic mode. In manual mode,
the user controls when and how a treatment cycle occurs by pressing the
associated buttons on the touch screen or on the remote control. In
automatic 35 mode, the apparatus repeatedly initiates treatment cycles,  WO
2012/158394PCT/US2012/036876 which is an insufflation followed by an
exsufflation followed by a rest.      For manual mode, the insufflation
pressure, the exsufflation pressure, the rest pressure, the flow rate, and
5 the flutter frequency can be set. For automatic mode, in addition to the
manual mode parameters, the insufflation time, the exsufflation time, the
rest time, and the number of cycles can be set. In manual mode, the patient
touches a start/stop button 10 to turn the blower on. An insufflation is
initiated by actuating an inhale button on the touch screen or remote and
is maintained until the button is released. An exsufflation is initiated by
actuating an exhale button on the touch screen or remote and is maintained
until the button is 15 released. When treatment is complete, the patient
touches a start/stop button to turn the blower off.       In automatic
mode, the patient touches a start/stop button to turn the blower on and to
begin the treatment cycles. When the set number of the treatment cycles is
20 reached, the apparatus discontinues treatment and turns the blower off.
BRIEF DESCRIPTION OF THE DRAWINGS 



For a fuller understanding of the nature and object of the present
invention, reference is made to the accompanying 25 drawings, wherein:
FIG. 1 is a schematic diagram of the apparatus of the present invention;
FIG. 2 is a front, perspective view of the apparatus;           FIG. 3 is a
back view of the apparatus of FIG. 2; 30FIG. 4 is top view with the case
top removed;      FIG. 5 is a top, cross-sectional view of the valve
subassembly;      FIG. 6 is a side, cross-sectional view of the valve
subassembly; 35FIG. 7 is an example display for manual mode;  WO
2012/158394PCT/US2012/036876 FIG. 8 is an example display for automatic
mode; FIG. 9 is an example display for configuration;     FIG. 10 is a flow
diagram of the operation of the apparatus in manual mode; and 5FIG. 11 is a
flow diagram of the operation of the apparatus in automatic mode. DETAILED
DESCRIPTION OF THE INVENTION      The present invention is an apparatus for
assisting in coughing. One feature of the present invention is the 10
ability to vibrate the airway. Vibration of the airway at a specific
frequency creates the phenomenon known as "enhanced diffusivity". This
mechanism changes the rate of diffusion in the alveolar-capillary membrane
of the lung. By changing the diffusion coefficient in the lung, greater
amounts of 15 oxygen can be put into the blood stream and greater amounts 



of carbon dioxide can be removed. The special valve that creates this
function is a rotating butterfly-type mechanism which has an adjustable
frequency for conforming to specific pulmonary physiologies. 20Another
feature is the ability to use the apparatus to recruit lung volume. The
apparatus uses a mechanism to gradually adjust the base pressure at the end
of exsufflation. This creates a degree of positive pressure inside the lung
thereby helping the lung to reinflate when 25 vital capacity has been
decreased due to pulmonary compromise. The base pressure is adjustable from
0 to 15 cm H20 depending on the degree of compromise.      The cough assist
apparatus 10 of the present invention is shown in FIGS. 1-9. The case 12
houses a blower 14, a valve 30subassembly 16, a hose connector 18, a
controller 20, a power supply 22, and a touch screen 24. The valve
subassembly 16 includes a direction valve 28 and an oscillator 30.     An
overall diagram of the apparatus 10 is shown in FIG. 1. The blower 14 has
an intake 40 where air enters the 35 blower 14 and an exhaust 42 where air
exits the blower 14.  WO 2012/158394PCT/US2012/036876 The blower intake 40
is connected to the intake port 48 of direction valve 28 via an intake duct
44. The blower exhaust 42 is connected to the exhaust port 50 of the
direction valve 28 via an exhaust duct 46. The common port 52 of the 5
direction valve 28 is connected to the valve port 60 of the oscillator 30.
The atmosphere port 54 of the direction valve 28 is open to atmosphere, as
at 56, and has an optional filter 58. The connector port 62 of the
oscillator 30 is connected to the patient interface (mask) hose connector
18. 10 The path of air flow between the blower 14 and the hose connector 18
is referred to as the channel 36. The controller 20 controls the operation
of the apparatus 10. A power supply 20 provides power to the components.
Each component of the apparatus 10 is described in detail below. 15When in
use, a hose 32 is attached to the apparatus 10. 



One end 66 of the hose 32 attaches to the apparatus 10 at the hose
connector 18. The mask 34 is attached to the other end 68 of the hose 32.
The apparatus 10 has two primary modes: insufflation and 20 exsufflation,
that is, inhale and exhale relative to the patient. To induce a cough, the
apparatus 10 starts in the insufflation mode to fill the lungs. The
apparatus 10 then rapidly transitions to exsufflation mode, rapidly
deflating the lungs and thereby stimulating a cough. 25The case 12 houses
and protects the operational components of the apparatus 10. Accessible
from the outside of the case 12 are the touch screen 24, hose connector 18,
remote control connector 98, a power input connector 78, and power switch
82. Optionally, the touch screen 24 has a 30 resilient protective cover 80.
The blower 14 used in the present configuration is a standard motorized
blower with an adjustable speed. It has an intake 40 for suction and an
exhaust 42 for blowing. The speed of the blower 14 is controlled by varying
the voltage WO 2012/158394PCT/US2012/036876 at a control input. The blower
14 is capable of providing a flow rate of up to 12.4 liters/sec.     The
setting of the direction valve 28 determines the direction of airflow to
the hose connector 18 and, 5 ultimately, the mask 34. In insufflation mode,
the direction valve 28 connects the blower exhaust 42 to the oscillator 30,
causing a positive flow at the hose connector 18, and connects the blower
intake 40 to atmosphere, as at 56, as a source of air for the blower 14. In
exsufflation mode, the 10 direction valve 28 connects the blower intake 40
to the oscillator 30, causing a negative flow at the hose connector 18, and
connects the blower exhaust 42 to atmosphere, as at 56, for pressure
relief. The controller 20 operates the direction valve 28 by a two-position
stepper motor 74. 15The oscillator 30 is a butterfly valve with a chamber
86 between the valve port 60 and connector port 62 and a rotating disc 88
within the chamber 86. The disc 88 rotates 360 and is controlled by the
controller 20 using a stepper motor 76. The controller 20 modulates the
opening of the 20 channel 36 by rotating the disc 88 to various positions.
The stepper motor 76 in the current implementation has a resolution of 0.9
per step, so the disc 88 can be positioned 



in increments of 0.9. Since the size of the channel 36 directly affects the
magnitude of flow, the oscillator 30 25 adjusts the flow throughout a given
procedure. Typically, it is used as follows.     During the insufflation
mode, the oscillator 30 modulates the airflow. The disc 88 is rotated to a
stationary position of high, medium, or low flow rates. In the high
position, 30 the disc 88 is parallel to the channel 36, thus maximizing the
channel size. This minimizes the resistance to flow, thereby maximizing the
flow rate going to the patient. At the low flow rate, the disc 88 is almost
perpendicular to the channel 36, thus minimizing the channel size. This
creates 35 the most resistance to flow, thereby minimizing the flow rate
WO 2012/158394PCT/US2012/036876 to the patient. Adjustment of this airflow
setting determines how fast the patient's lungs fill up during inhale.
During exsufflation mode, the oscillator 30 is either 5 inactive or is in a
"flutter" mode. If the oscillator 30 is inactive, the disc 88 is rotated
until it is parallel to the channel 36 in order to maximize airflow. Since
the productiveness of a cough is directly attributable to the magnitude of
exsufflation flow, airflow is maximized during 10exhale.      In flutter
mode, the oscillator 30 creates a flow that rapidly changes during
exsufflation. To do this, the disc 88 is continuously rotated, causing the
channel size to rapidly change from a maximum flow rate to minimal flow
rate and 15 back. This airflow rate from maximum to minimum is varied by
simply adjusting the rotation frequency. "Fluttering" the flow rate during
exsufflation assists in the dislodging of mucus in the pulmonary airways.
As indicated above, the size of the channel 36 directly 



20 affects the airflow. In the present implementation, the size of the
channel 36 is 19.6 mm, which his measured at the inside diameter at the
connector port 62 of the oscillator 30. The blower 14 is capable of
providing a flow rate of up to 12.4 liters/sec. The airflow is affected by
the length 25 and diameter of the channel 36 between the blower and the
patient, as well as the position of the disc 88 in the oscillator 30. Due
to the parameters of the channel 36 in the present implementation, air flow
dramatically decreases by the time it reaches the patient. In the present
30 implementation, a flow rate of 12.4 liters/sec at the blower 14 results
in a flow rate at the patient of about 9 liters/sec. The minimum flow to
create a productive cough is about 6 liters/sec (mean peak expiratory flow
rate) at the patient.  WO 2012/158394PCT/US2012/036876 The controller 20
has a processor 102 which includes its attendant clock, memory,
input/output devices, etc. The processor 102 sends signals to drivers that
provide control signals to various components. Various sensors notify the 5
processor 102 of the conditions within the apparatus 10. The processor 102
controls the blower 14 through a power driver 108 and a speed driver 110.
The processor 102 controls the direction valve 28 through the direction
valve motor driver 104 and the direction valve position encoder 124. The 10
processor 102 controls the oscillator 30 through the oscillator motor
driver 106 and the oscillator position encoder 126. Other sensors include
the blower temperature sensor 112, the channel air temperature sensor 116
and the channel air pressure sensor 120. The speaker 26, mounted on 15 the
floor of the case 12, is controlled by the speaker driver 122 and the touch
screen 24 is controlled by the touch screen driver 128. The touch screen 24
is a display as well as a user input device. The power supply 22 provides
power to the apparatus 10 20 through an AC power cord connected to the
power input connector 78. Optionally, the power supply 22 is capable of
providing power from an internal battery 92 or an external DC source, such
as an automobile power outlet or external battery, through a DC source
connector 94. 25Optionally, the apparatus 10 includes a remote control 96.
The remote control 96 can be wired, as in FIG. 2, or wireless. The wired
remote control plug 99 plugs into the apparatus 10 through a remote control
jack 98. The remote control 96 operates all or a subset of the functions of
the 30 apparatus 10. The simple remote control 96 of FIG. 2 has a single
rocker switch 97 to control an insufflate/exsufflate cycle. The remote
control 96 can be hand operated or foot operated. Software running on the
processor 102 controls the 35 operation of the apparatus 10. The software
controls the 



WO 2012/158394PCT/US2012/036876 treatment cycles and a cycle is defined as
an insufflation, an exsufflation, and a rest. A treatment cycle has a
number of settable parameters associated with it, as follows. The
manual/automatic setting determines whether the 5 apparatus 10 is to
operate in manual mode or automatic mode. In manual mode, the user controls
when and how a treatment cycle occurs by pressing the associated buttons on
the touch screen 24 or on the remote control 96. In automatic mode, the
apparatus 10 repeatedly initiates treatment cycles. For 10 both modes, the
user can set insufflation/exsufflation pressures, flow, and flutter.
Shown in FIG. 7 is an example display 140 for manual mode. The insufflation
pressure 150, the positive pressure of 15 the air being pushed into the
lungs, can be set in the range of 0-50 cmH20 in 1 cmH20 increments using an
increase arrow 152 and decrease arrow 154. The exsufflation pressure 158,
the negative pressure of the air being pulled from the lungs, can be set in
the range of 0-50 cmH20 in 1 cmH20 increments 20 using an increase arrow
160 and decrease arrow 162.     The flow rate can be set to high, medium,
or low via button 148. In high, the disc 88 sits parallel to the channel
36, maximizing the flow rate to the patient. In medium, the disc 88 sits at
about 45 to the channel 36. In 25 low, the disc 88 sits almost
perpendicular to the channel 36, minimizing the flow rate to the patient.
The flow rates are relative to the exhale flow setting. If the insufflation
pressure setting is high, the flow will be high. If the insufflation
pressure setting is low, the flow will be 30 correspondingly low.
Shown in FIG. 8 is an example display 170 for automatic mode.        The
insufflation pressure 184 can be set in the range of 0-50 cmH20 in 1 cmH20
increments using an increase arrow 186 35 and decrease arrow 188. The
exsufflation pressure 192 can be WO 2012/158394PCT/US2012/036876 



set in the range of 0-50 cmH20 in 1 cmH20 increments using an increase
arrow 194 and decrease arrow 196. The flow rate can be set to high, medium,
or low via button 182. The insufflation time 198, the length of time that
the 5 positive insufflation pressure is active, can be set in the range of
0-3 sec in 0.2 sec increments. The exsufflation time 202, the length of
time that the negative exsufflation pressure is active, can be set in the
range of 0-3 sec in 0.2 sec increments. The rest time 204, the length of
time 10 between exsufflation of one cycle and insufflation of the next
cycle, can be set in the range of 0-3 sec in 0.2 sec increments. The number
of cycles 174 can be set in the range of 1-99 using decrement arrow 178 and
increment arrow 180. Shown in FIG. 9 is an example display 210 for 15
configuration.     The resting positive pressure 212, the positive pressure
set during rest when neither insufflation nor exsufflation is active, can
be set in the range of 0-15 cmH20 in 1 cmH20 increments using an increase
arrow 214 and decrease arrow 20216.     The user can enable or disable
flutter and set the flutter rate 218 in the range of 0-20 Hz in 1 Hz
increments using an increase arrow 220 and decrease arrow 222. Flutter is
disabled when the flutter frequency 218 is zero. During 25 insufflation,
the oscillator disk 88 is positioned in a fixed orientation based on the
flow setting. During exsufflation, the oscillator 30 behavior is based on
whether flutter is enabled or disabled. If enabled, the oscillator disk 88
rotates continuously at the set flutter rate. If flutter is 30 disabled,
the oscillator disk 88 is positioned parallel to the channel 36, thereby
maximizing flow. The user can enable or disable a parameter lock. When
enabled by pressing the lock button 224, all settings are locked and cannot
be changed without entering a password.  



WO 2012/158394PCT/US2012/036876     The software monitors the various
sensors in the system: the blower temperature sensor 112, the channel air
temperature sensor 116, and the channel air pressure sensor 120. When any
of the sensors indicate that there is a 5 problem, such as an out-of-range
temperature or pressure, the system is immediately switched into an idle
state, shutting off the blower, and a message is posted on the display 24
indicating the error. The software displays information to the user on the
10 touch screen 24 and the user uses the touch screen 24 to set operating
parameters in ways known in the art. For example, if the user wishes to set
the insufflation pressure, the user touches the insufflation pressure
display on the touch screen 24 and the display changes to show up and down
arrows. The 15 user touches the appropriate arrow repeatedly until the
desired setting is reached, the up arrow to increase the pressure and the
down arrow to decrease the pressure. All parameter settings operate
similarly. As indicated above, the apparatus 10 has a manual mode 20 and an
automatic mode. In manual mode, several parameters must be set prior to
operation, as at 240. These parameters include the insufflation pressure
150, the exsufflation pressure 158, the flow rate 148, and the flutter 212
during exsufflation. Optionally, the cycle count display 144 is 25 reset to
zero using button 146. After the parameters are set, the user touches a
start/stop button 142 on the touch screen 24, as at 242, to turn the blower
14 on, as at 244. An insufflation is initiated by actuating either an
inhale button 164 on the touch screen 24 or the appropriate 30side of the
rocker switch 97 on the remote 96, as at 246. Insufflation is maintained
until the button 164 or rocker switch 97 is released, as at 248. An
exsufflation is initiated by actuating either an exhale button 166 on the
touch screen 24 or the appropriate side of the rocker switch 



3597 on the remote 96, as at 250. Exsufflation is maintained WO
2012/158394PCT/US2012/036876 until the button 166 or rocker switch 97 is
released, as at 252. At the end of exsufflation, the cycle count display
144 increments to display the number the cycles since the last reset. 5When
treatment is complete, the user touches the start/stop button 142 on the
touch screen 24, as at 254, to turn the blower 14 off, as at 256.      In
automatic mode, several parameters must be set prior to operation, as at
260. These parameters include the 10insufflation pressure 184, the
exsufflation pressure 192, the insufflation time 198, the exsufflation time
202, the rest time 204, the flow rate 182, the flutter during exsufflation
212, and the number of treatment cycles 174. Optionally, the cycle count
display 174 is reset to zero via button 176. 15After the parameters are
set, the patient touches a start/stop button 172 on the touch screen 24, as
at 262, to turn the blower 14 on, as at 264, and to begin the treatment
cycles. As described above, a treatment cycle includes an insufflation at
the set insufflation pressure for the set 20insufflation time, as at 266, a
exsufflation at the set exsufflation pressure for the set exsufflation
time, as at 268, and a rest at the set rest pressure for the set rest time,
as at 272. At the end of the exsufflation, the cycle count display 174
increments to display the number the cycles 25 since the last reset. When
the set number of the treatment cycles is reached, as at 270, the apparatus
10 discontinues treatment and turns the blower 14 off, as at 274. If the
user wishes to abort treatment prior to reaching the end of 



the last treatment cycle, the user touches the start/stop 30 button 172 on
the touch screen 24. Thus it has been shown and described an apparatus for
inducing coughs which satisfies the objects set forth above.      Since
certain changes may be made in the present disclosure without departing
from the scope of the present 35 invention, it is intended that all matter
described in the  foregoing specification and shown in the accompanying
drawings be interpreted as illustrative and not in a limiting sense.  WO
2012/158394PCT/US2012/036876 What is claimed is: 1.An apparatus comprising:
(a) a blower having an intake, an exhaust, and a controllable speed; 5(b) a
direction valve having an intake port operationally connected to said
blower intake, an exhaust port operationally connected to said blower
exhaust, an atmosphere port open to the atmosphere, and a common port;
(c) an oscillator having a connector port and a valve 10 port operationally
connected to said valve common port, said oscillator including a chamber
between said connector port and said valve port and a rotatable disc within
said chamber, said disc being rotatable about 360'; 



(d) a hose connector operationally connected to said 15 oscillator
connector port and adapted to receive a hose with a patient mask;
(e) a controller controlling operation of said apparatus;            (f)
said apparatus having an insufflation mode wherein 20 said controller sets
said direction valve such that said exhaust port is operationally connected
to said common port and said intake port is operationally connected to said
atmosphere port, thereby providing positive pressure at said hose connector
for an insufflation; 25(g) said apparatus having an exsufflation mode
wherein said controller sets said direction valve such that said intake
port is operationally connected to said common port and said exhaust port
is operationally connected to said atmosphere port, thereby providing
negative pressure at said 30 hose connector for an exsufflation;        (h)
said apparatus having a rest mode wherein said controller sets said
direction valve such that said exhaust port is operationally connected to
said common port and said intake port is operationally connected to said
atmosphere  WO 2012/158394PCT/US2012/036876 port, thereby providing
positive pressure at said hose connector; (i) said apparatus having an
optional flutter mode     wherein said controller rotates said oscillator
disc at a 5 settable frequency during exsufflation.        2. The apparatus
of claim 1 wherein said controller provides a manual mode wherein said
apparatus is adapted t receive instruction from a user as to when said
apparatus is in said insufflation mode, said rest mode, and said 



10 exsufflation mode.        3. The apparatus of claim 2 wherein said
apparatus is adapted to receive parameter settings from a user, said
parameters including an insufflation pressure, an exsufflation pressure, a
rest pressure, said flutter 15 frequency, and a flow rate, said
insufflation pressure being used by said controller to set said blower
speed during insufflation, said exsufflation pressure being used by said
controller to set said blower speed during exsufflation, said rest pressure
being used by said controller to set said 20 blower speed between
insufflation and exsufflation, and said flow rate being used by said
controller to set the position of said disc during insufflation.        4.
The apparatus of claim 3 wherein said apparatus includes an inhale button
and an exhale button, said 25 controller switching said apparatus to said
insufflation mode at said insufflation pressure while said inhale button is
actuated, said controller switching said apparatus to said exsufflation
mode at said exsufflation pressure while said exhale button is actuated,
and aid controller switching said 30 apparatus to said rest mode at said
rest pressure when neither said inhale button nor said exhale button are
actuated.           5. The apparatus of claim 1 wherein said controller
provides an automatic mode wherein said controller causes 35 said apparatus
to produce a predetermined number of cycles,  WO
2012/158394PCT/US2012/036876 wherein a cycle is, in order, an insufflation,
an exsufflation, and a rest. 6.The apparatus of claim 5 wherein said
apparatus is adapted to receive parameter settings from a user, said 5
parameters including an insufflation pressure, an exsufflation pressure, a
rest pressure, said flutter frequency, a flow rate, an insufflation time,
an exsufflation time, a rest time, and said predetermined number of cycles,
said insufflation pressure being used by said controller to 



10 set said blower speed during insufflation, said exsufflation pressure
being used by said controller to set said blower speed during exsufflation,
said rest pressure being used by said controller to set said blower speed
during said rest, said flow rate being used by said controller to set the
15 position of said disc during insufflation. 


