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CLEARANCE APPARATUS BACKGROUND OF THE | NVENTION Field of the Invention
5The preswot2oixnsessi on rel ates to nedi cal devices, norePparus2eloassiy, to
devices that aid in breathing and in inducing coughs. The Prior Art
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real i zed over the years § b Lﬁ ﬁAﬁ@ g% E g ions to current

machi nes. There have been no real functionality in 50
years. Par ent s ofé% ﬁg%ﬂ as many adult
patients, take the machineé every ere W't ze and 15 weight are a
problenlEield.NEI&hEyaknahﬁMxnperated on 120 volts AC In order to operate
in mapy vehl Les MQ£QE %%VV%EHODC system |nverter vec%% be |nstalled
whi ch™are expensp

Ve “ani conp i"d8fed T st dﬁ najor Corcérn of the
medi cal coamminidlyrls/,t e use iafesanHdtE adnl siirc kete gpatiirentasiaMitrth conpr om sed
| ung function .and reduced functional residual capacity because current MEs
do not iHﬁE%ﬁBfﬁ&&ﬂﬂ%ﬁ%ﬁve end expiratory pressure on the expiratory
phase. 25fer by patd ents with thick secretions, current MEs need a great
amount of tlne %nd addi t.i onal, |nter¥ent|o InSufl%llllze and remve them

essionals using mec anlca ators/kExsufflators
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 vyears.

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. 1In order to
operate in many vehicles with a 12 volt DC system, inverters
have to be installed, which are expensive and complicated to
install.

20 A 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.

25 For 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.



Many pediatric, elderly, and stroke patients have difficulty synchronizing
with the breathing pattern of the 30 current MEs. SUMVARY OF THE | NVENTI ON
The M E apparnet1is3sef the present invention has a case t ratr/usou203683a6

adj ust abl e speed bl ower, a valve subassenbly with a direction valve and an

oscill ator, 0 nn r, a.u3 traller, S l.Ly,..and a touch
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connected to the exhaust ,port..on the direction_valve. The co rt of
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t he connetitrerctpant vefl vehe soseiddeatted it aonrnectled toorithe fimagie hose

connector. T air flow_path between the bl ower and t, ose .connector is
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exsuf f | atddemedted nsufflcatizon made, ddmedivrct i amevalive fIdw@anects the

bl ower exhaust to th% oscill at or, usi ng positive pre suriq[at the hose
c,ti]r?nec

C
connect or2C s & S PG %](ije,thtenglocﬁer GGT W Ve A He bl ower

i ntake to theamesciddaat@ls CrUSItN® Regatdirye rjessurie satf fihe ikesereonnect or .
To i nduce a cough, the apparatus starts in the insufflation 15 node to fill

the | ungSZad tiven Gui ckiYy SRATHES 1B S8 f 1TSS SHaRsde.C™y afiidlSy defl ati ng

the | gngsanediienely witdvad atdimgist GoUghe oscifh@t@sgi ldatamd s a
butterfly valve with a chanber and a 360 rotating disc within the chanber.

Duri ng t M2 3Vigs BIHISHIT6h 2 % A& SRS s S IGeateT t o 1& seatifdiarty Posi ti on of

high, nedidys, omhd ewddawateite miHale the airdlaw: Jmdhe Nidgh
position, the disc is parallel to the channel and, at the |low flow rate,
the di sc 95 dIro<T p&pendic dear o S e atfafrelat ZEPUriafe &aufsdtatti-on, the

osci Il atar, i1, RIdNer dNRELT U8 Oladehddt & "ddutden’, mde.; Jdy dMnaghive, the
disc is parallel to the channel to maxim ze airflow. In flutter node, the
di sclps c¢wsts rigodsiy rtdeatledascansi g arheldivaninelssitzdaso toapi dl y
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. 1In

the high position, the disc is parallel to the channel and,

at the low flow rate, the disc is almost perpendicular to the

channel.

25 During exsufflation, the oscillator is either inactive or
is in a “flutter” mode. 1If 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
30 back.
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,



change froma maximumflow rate to mnimal flow rate and 30back. The
apparatus can operation in rmanual node or automatic node. | n manual node,
t he user wonvrwiss3smhen and how a treatnment cycl e occursPOY/Use@2986836 t he

associ ated buttons on the touch screen or on the renote control. In

aut omat i 5.mode, th rat. r te initiat r eat ycles, WO
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or
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of f. I
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begi not he d reatieMe eIGwrs. Jen aArhe rsetr mwrem afs tha direatyment cycles is
20 reached, the apparatus discontinues treatnent and turns the bl ower off.
BRI EF DESCHR'PTHIOY G TR DPRAWWGES 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;

30 FIG. 4 is top view with the case top removed;

FIG. 5 is a top, cross-sectional view of the wvalve
subassembly;

FIG. 6 is a side, cross—-sectional view of the wvalve
subassembly;

35 FIG. 7 is an example display for manual mode;



For a fuller understanding of the nature and object of the present

i nvention, reference is made to the acconpanyi ng 25 draw ngs, wherein:

FIG 1 iswa2scthessmti c di agram of the apparatus of the pPETAISR012/0968ME | ON;
FIG 2 is a front, perspective view of the apparatus; FIG 3 is a

back vi ew of EIIQ;E PR r%éu%x%fmplzllee‘di% l%nglf%‘r %uitsomtaocac\/im \Tﬁewi th the case
top renoved; FI iI's atop, crpos -sectional view of t'he val ve
subassenbl y; FIG. 9FIliG &b iexampdiedell sgrleys-feectdooridlgwiasgvwcof; t he val ve

subassenbl y; I 71s exampl e dis for _manual . WD

2012/ 158394P§%ES§(9121/80§6%;{€WF%¢‘39§aims O%Jn%éfar?ﬁega&’lls%]l gj;%df%glre aut omat i c
node; Fl Gpireswan iexamplua Idinsjplegy dfnor confi gurati on; FIG 10 is a flow
di agram of t oper.at.i on qof the .apparat in manual .nmode;_ and 5FIG 11 is a
f1 ow Si agr aml}}gtrG t ﬁéL dﬁelaa(r)filé)ﬁf gﬁatgﬁgnbﬁﬁrt SUSB SdCdn&t %‘hﬁ‘ode. DETAI LED
DESCRI PTla a2 tTHE iilNVENB@ ic modEhe present invention is an apparatus for
assi sting in coughi nﬁj One feature of the present invention is the 10
ability to vibrate t @Tfi%.m\ﬁcﬁlﬁqw e aifthWIan a specific
frequency createprihephanermeranknewarasprenhanced odi ffsusistity’ .inThi s
mechani sm changes the rate of diffusion in the alveolar-capillary nmenbrane
of the | GPFIBY'Thaticnd e ¢ FFudiien BEGerficiléte i The S Uh§, gr eat er

amounds ofpih3 X Haer; iGanthe e dintet.he hlirped i94d eamand greatera@nmpunt s
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 physioclogies.

20 Another 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 wvital 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

30 subassembly 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.



of carbon di oxi de can be renpbved. The special valve that creates this
function is a rotating butterfly-type nechani smwhich has an adjustable
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houses a hl ower, 14, val ve .30subassenbly 16, a hase connector . a
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subassentlsy-il6 a0 wdes and recidspmerdl W rd8 sand fanmeselildeattdron3®alve AN
overal |l diagram of the ap tus 10 is shown in FIG 1. The bl ower 14 has

an i nt ake %40 SwERe it Ogg:p e 35 Blowsr AN SR e xRt 42 where air

exits theihltewersgld. THAD chhe/cke83 YRET/US2FL 236346 1The dH owerid nt ake 40
is connected to the intake paort 48 of direction valve 28 via an intake duct

44. The BIGWECEchdirst™ 2 B34 181N edtéd 126 S HE'9Halsts 56 o tife

directi omrnealpee 128 via rarF 1@h sty Quct: A6 b1 e cammmpade 32 ef the 5
direction valve 28 is connected to the valve port 60 of the oscillator 30.

The at nDSPREEE 58T tL 54 Soft &l TG é&t ifon Wal w&1a8S1s 3bpen & at nosphere, as
at 56, andfas,1aroptd enale fdild @8 pelhe ieRNNECHOle RYIHa 82 f ithe

oscillator 30 is connected to the patient interface (mask) hose connector
18. 10 THReOWsat Fuwlai 2 O W BéttRe &P e T8l dWer CRAPARENHfe héS$€!connector 18

I s referregddp.ag e (ghannel. 36.,sThe qantdold,en,L0 ;conisolis the Qperation

of the apparatus 10. A power supply 20 provides power to the conponents.
Eachleonponedithesf ithéisgppar &ogse 8O ils dédeaahsed tion tdet aidPaFeltow. 1P5When i n

use, a hQﬁﬁa%@mi%%@Qﬁ@QﬂﬁQk&>e@@% %RR%&QE%ﬁt%pthe 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.
25 The 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
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the dprectiirartvialy ;28 Lomedmhddies hirewey wxhaustt A2 ta the wosci |l ator 30,
causing a positive flow at the hose connector 18, and connects the bl ower
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stepper notor 74. 15The oscill ator s a butterfly valve with a chanber
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The st epRaro-MRLeY 126 Jduthe Gl hontemRlnBnnaU,on f1as i esdidid of 0-9

per step, SO [ ositione
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 1is 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

6



inincrenents of 0.9. Since the size of the channel 36 directly affects the
magni tude of flow, the oscillator 30 25 adjusts the flow throughout a given
procedur evODypisadohy, it is used as foll ows. Dur i ng PCharsem2084s7@t i on

node, the oscillator 30 nodul ates the airflow The disc 838 is rotated to a

stationary sitiqn of high,. ' l,.aw fl. rates.. .l. he hi gh
posi ti on,to3 (?]teh(t-:‘pa(clﬁlsec t88 %’L&jﬁgﬁgﬁ%ﬁ o&(r) hﬁ\g caﬁ%#r%éjl%; f(?,tttlﬁlt?[s maxi m zing the
channel siezerniimes moi Mazes tthee pagsiesttanc d ww sf 1fow,1 tiperdetnyi mpaxi m zi ng t he

flowrateq%oin to the patient. At the lowflowrate, the disc 88 is al nost

per pendi cu éarl ‘0 the channel 36, thus mnimzing the channel size. This

creates 35 thernost axesifstiandert amddeowt Hicherseliy Imtnirm32i Aig thenfdrow rat e

WO 2012/ 158394PCT/ US2012/ 0368,76 to the ient._ Adjustnent of this . airflow
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Duri ng exsiddtiatd,onnede,sd B8 dsciddtatteyrd 3hdis did Her dadalacili ve ahd S in a
"flutter" node.. If the oscillator 30 .is inactive, the disc 88 is rotated

until it SPEPEaR%t Y @4 Hradkell e S Fgrdér t o TS airflow. Since
t he prodyatdneness efsa gough dugrdirectilng atty iutalh e 40 & he rmeni t ude of
exsufflation flow, airflowis maxim zed during 1lQOexhal e. . In flutter
node, th&REHI% G 6 dattds o8 16w t Kat” Trlapi disy eRaryes U emg 9
exsuf fl atdxern1elo do this, the disc 88 is continuously rotated, causing the
channel size to rapidly change froma nmaximumflow rate to mniml flow

rate and 15 HacklUffied 998 owhieatos Fridmtrexistumtes fisniemimhars Wadi ed by
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exsufflation assists in the dislodging of nucus in the pul nonary airways.
As i ndi catedABIVEIOUHY Sioke teid t ke ushahéihs3ahginnedt |5z to rapidly

change from a maximum flow rate to minimal flow rate and

15 Dback. 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. 1In the present implementation, the size
of the channel 36 1is 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. 1In 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.



20 affects the airflow. In the present inplenentation, the size of the
channel 36 is 19.6 mm which his neasured at the inside dianeter at the
connect orwpant2/B629f the oscillator 30. The bl ower 14 i eCrapsaile3esie
providing a flowrate of up to 12.4 liters/sec. The airflowis affected by
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renot e cont r dlheplogged9 Spllprpgsz |2ri’t @rtorved@rsp@roarta;rs 10 ter epgara tuendtle contr ol

j ack,98. .The rennte trol |1 .or suybset af the functions of
t he %@ ap-rl)glar ajtgﬁls A%‘?'Irll})ewselr e rem) e (Fo%r?lt rtojl tgjf =i lnfurﬁgas a single
rocker swdrgltec@drt d&ontmlcamhhysufﬁﬂeatrei@«swﬁmmlye 22y dlse.cafte lreenuit e

control 96 can, be haqﬂde O%‘% r at %ql ar feo%t o er te%d ft\/\%re ruEﬁ]nr g %r&the
processorp fdle ot FO1"S ™t hé 36 operattr orﬁEl e z¥p &r atus™ G Hé Sof twar e

control s gcherce, such as an automobile power outlet or external
battery, through a DC source connector 94.

25 Opticonally, 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 treatnent cycles and a cycle is defined as
an insufflation, an exsufflation, and a rest. A treatnent cycle has a
nunber ofweebtzsBm4par aneters associated with it, as folPCOWES201Zi086876
manual /automatic setting determ nes whether the 5 apparatus 10 is to

oper at e itﬁferg%@n%%lt rEB/%eleosr g %n%gc%em%e'delﬂn%%%l a@%%s&é%agéer control s

when and how a treat'ment” cycl e occurs by pressing the associ Pt tons on
t he t ouclarseseerf 24 tdrorgn arlie a erptte conttrrala td@nt revaltconmtsd @ mdéert he

apparatus 10 repeatedly initiates treatnment .cycl.es. For bot h nodes, the
user can Os%tseltﬁcsa%%ﬁ é’ta?éoaﬁyeé:fg af 1743 o t|oerdr(=::swslu?ﬁesl,eC f Iac?w,foa%c? Meutter.
Shown i n Fl GTh inginan 1examphe tdics pleay 1140 deare rivdmeal wiedéerThéd nsuf fl ati on

pressure 150, the si.tive pressure .of 15 the air being pushed into the
Pungs” CATHRE e (1) thie Pard 16t 0-50 e o RGeS ng an
I ncrease m@r mewUES?2 e  degiease rardoow riisd whie exsufifdwatd ar ressiy e 158,
the negative pressure of the air bein ulled fromthe Iungs, can be set in
the rangé 6Ho0-50 B0 BT F RDG HohEr i 250 Hidi T Sarf T miFode® R r ow
160 and deglease ardroWnlé2ie remokhe ddrawdiates .canbeseimadta hinglie,medi um
or low via button 148. In high, the disc 88 sits parallel to the channel

36, maxi A AFPRHE o & A H gatitetes i oedirmt (HeE GSsc 885its at

about 045 i e cehgnnele 3Ged a2d Jawi ddie i3 B Sids ralamsin _
per pendi cular to the channel 36, mnimzing the flowrate to the patient.

The fl owH&ESI &% Hel%qti v & ltthdSxhal e flow setting. If the insufflation

pressure setigfag S hipgghy, the of Iaqlwe\ééa:nlpﬂée iGN .yl f1 dohe drnsiaffdzat i on

pressure setting is low, the floww |l be 30 correspondi ngly | ow.

Shown in™M9&- 8 is an exanpl e display 170 for autonmatic node. The

insuf f1 ati on pressune ri84 icah he Set-d A sohe tiange af 1050, eR0 J nel cnH20
increments using an increase arrow 186 35 and decrease arrow 188. The
exsut Pl attinen prredsure PIBhEesh e oOND NZQ 12/NE68 3 9APCHUSE(1 2/ 03687 6 ange

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. 1In 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. 1In

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



set in the range of 0-50 cmH20 in 1 cnmH20 i ncrenents using an increase
arrow 194 and decrease arrow 196. The flow rate can be set to high, nedium
or | ow viwohlot839182. The insufflation tinme 198, the | eogtus2ab/osésne t hat
the 5 positive insufflation pressure is active, can be set in the range of

0-3 sec ig tg'i% $§¢ LNglement s, cthe, exsutil atignJJ Mg 304, fhe Jangt b of
time that the negative ‘exsufflation pressure is active, can be set” in the
range of ixFesee jarrf®w? 196 amt temertase Hre awedtod. nEh204 1 avherdtengtam of

time 10 bhetween .exsuffl ation of one .cycle and.insuffl.ation of the next
cycl e, c??ne bseeecsettO in emreéjnnlélén’oforo- sec r?uﬁ.tfnselcézﬁncr ements. The number

of cycles 174hean ke fsatatiinnt he meanges ,ofthk 9@ ndginng fdedmenmentatarthew 178 and

' t_arraw 180, in FIG 9is, | e displ 1Q for_ 15
con | Gur O S AHE TeGr iy BBV o GO 212 Life i60si £ YEr essur

set duri ngestofmiers nreid her d.swdd atncarneert: sexsufifd atdsiT ilstdeti ve, can
be set in the range_of 0-15 cgzo in 1hcm—|2(%ﬁisncrerrents usi ng .an .i ncrease
2 “thé

arrow 214 &d deer &8€e LaGw fgme t &Y° T YEn 8158 or- adi*$4Abl e

flutter aidssetrd he fdatiter, rate p2l&dn itthe Haangeef dF 20 Hadd ih Wz 2
increnents using an increase arrow 220 and decrease arrow 222. Flutter is

di sabl ed S@ren YHET tter Fiediericy 268 4% 2&h¢ 1Sy 935 G3WSuf f 1 at i on,

the osci ldatlelicsds &8 1% iRESIdA RRd dyria faxed mendrentatioon Jsases on the
flow setti ngEi During exsufflation, the oscillator 30 behavior is based on
whet her fAS9tt &Y G1€ efd@l & & tdilsatined ranacewdblled, Sare 6514 &6 di sk 88

rotates GontidMiQusly athd heingelr fJutden Jates Idaf vy tere i35, 3 dirsabled,
the oscillator disk 88 is positioned parallel to the channel 36, thereby

maxi m zi i I oW UFHeusacregieénabltevorl 'di sail & e eaiedare 2 Iwocie 0 -When
enabl ed by pressing f had.oek jhutton 224, ald; $athi ngy & | ocked and cannot
d

be changed wi thout entering a password.
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

20  216.

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.

10



WO 2012/ 158394PCT/ US2012/ 036876 The software nonitors the various
sensors in the system the blower tenperature sensor 112, the channel air
t enper at WO 2058394116, and t he channel air pressure sSem€®rUS2AN/0348h€n any
of the sensors indicate that there is a 5 problem such as an out-of-range

tenperature r re, . temis_j i at el i t.ch i idle
state, shutt ﬁrﬁlgepos ﬁ%ﬁg ﬁn%\%é?c?@asn&hg r‘rfgg,fnslgjglg isg%r%&%t@e&%oﬁc%tehgy?ﬁt%g\'ay 24
i ndi cat i nge e carerrort.enfrer agofrtenares stirs fllay s titrf artratnedn tia t he user on the

10 touch sereen 24 and Lhe yser uses bl fouch screen 24 4o sel. oper ating
parameters In ways%nown I'n g art” ‘For exarrpel e, 't e Usér SM'siés to set

t he i nsufifdcat i omepr essures, tthie suserortouches dthke tdhsuftfleatd drs pressure

di spl ay on e touch screen 24 and the display changes to show up and down
ot v SIS o et (s Rar Ot E A b ekt Sy toiRe
desired sstddeng iiss imeached.e lhewip AIdOW it idicriedse dthe r essive mand t he

down arrow to _decrease the pressure. All paraneter settings .operate

Sim | arl Y AS i Cated ABEVE TS Sndrallis 10 FEs amartaR Hodd 20 and an
aut omat i ¢ jmodet il mrualrimde, several paranmeters nust be set prior to
operation, as_at 240. These paraneters include the insufflation pressure

150, the exsUf¥ &I 3FresdiPe 2758 Ltive TRItIW Y &t H148 VS&Fd Fhé M utter 212

during exsfdd atdrern Qpt ieraldns Jdhe eee wweutoudirsplakdddbd s 25 deset to
zero using button 146. After the paraneters are set, the user touches a

start/ st GPBRLON PAZ BIP e touchiscrean 24 ddear42, i ARl bl over
14 on, as; @t 244,ceAN g lal in ig.d niddatad hy, aguatdng eidher, an

i nhal e button 164 on the touch screen 24 or the appropriate 30side of the
rocker sWIUEHhes7 Wy tie Uldnbtte 096 Pres et ©2468.SH s ot U hmdieamed

until the button 164 :or, rocker, swid oh 97, 4.8 Seleased, As.al,,248. AR

exsufflation is initiated by actuating either an exhale button 166 on the
t ouchoscris@y Zpushashd hap Fropiaratie i de refv e aedEicery sWittich 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
30 side 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

35 97 on the remote 96, as at 250. Exsufflation is maintained

11



3597 on the renpte 96, as at 250. Exsufflation is maintai ned WO

2012/ 158394PCT/ US2012/ 036876 until the button 166 or rocker switch 97 is
rel eased,wa0et15892. At the end of exsufflation, the cyeCe/usounii@rcpl ay
144 increnents to display the nunber the cycles since the |last reset. 5Wen

treatnent_j.s .C lete, th er to s th tart/.st tt 2 on the
t ouch scruélé:r%lz fﬂ%agmatof'si,éétsc?rt lfroln&%%e St‘)ﬂll(;ecv(\%lr %1721 losf , l%s%sft ’Zé%. ot I n
aut omat i € ofnde Atsenrer alndparfaretsertst lmtsitorhe t$et qrdler domraperiatdlery, last at

260. These paraneters include the 10i nsufflation .pressure 184, -th
S SPALsure T95E e TirsOrFIa oht e EoB ETHE nEurAi on ¢ me

exsuf fl ation pressure
202, thereasit tine 204, the flowrate 182, the flutter during exsufflation

212, and the_punber of treatnent cycles 4. Optionally, the cycle count

i sl By 174 PDSPocEE AT d N RIA G 16 TEA COPRS piFameters are
set, the gpatdtenit douchesm 1stardn sthep dauidroncks2ron 4,hed cuclessigr een 24, as
at 262, to turn the blower 14 on, as at 264, and to begin the treatnent
cycles. AT deddls BE®"ove, A ftrr 4t ment“&cl e i ncl udes an insufflation at
the set insufifd atitemapriessidce ,f eeiche 1S @la r2@ictetsf hatsitomet ik, pascat 266, a
exsufflation at the set exsufflation pressure for the set exsufflation
time, as & OP682HEMEa et &°Yhe eSS & FESIF ¢ Xt et rest tine,
as af 0272.nAlr t1he iend e dhe cexsuf f ald Qs ldre LYre geuntud splay théd

increnents to display the nunber the cycles 25 since the |ast reset. Wen
the set e Gt itHe imeatlivdnt tdfcISeSULd vddched 1gs 22 2 70:€ 15 tappar at us

10 di scontiipues) 4, ealdmento,and dnng t heblover 44 Qifinfs.aluFibt idn the
user wishes to abort treatnment prior to reaching the end of
212, and the number of treatment cycles 174. Optionally, the
cycle count display 174 is reset to zero via button 176.

15 After 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

20 insufflation 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

12



the last treatment cycle, the user touches the start/stop 30 button 172 on
the touch screen 24. Thus it has been shown and descri bed an apparatus for
i nduci ng wougtegissdssch sati sfies the objects set forth alPOTAIS2012/0368% nce
certain changes may be nade in the present di scI osure wi thout departing
fromthe aope. .of resent, 35 invel n s t all matter
descri befcfrr%oﬁgl g)r (-:-ngiﬁﬁfncspglm rgjlca’?ll 37%1 alrllrld t aC%O%%%S/ conpanyi ng

dr awi ngs doewiimtoer meetlerieacsmeltleuﬂstarsatul\mlsetmhtnMe lamda rlatmitn rg 1sense ng WO
2012/ 158394PCT/ US2012/ 036876 What is clainmed is: 1. An apparatus conprising:
(a) a bl 6W&°Havi ng an intake, an exhaust, and a control | abl e speed; 5(b) a
direction valve having an intake port operationally connected to said

bl ower intake, an exhaust port operationally connected to said bl ower
exhaust, an atnosphere port open to the atnosphere, and a conmon port;

(c) an oscillator having a connector port and a valve 10 port operationally
connected to said val ve commopn port, said oscillator including a chanber
bet ween said connector port and said valve port and a rotatable disc within
sai d chanber, said disc being rotatable about 360;

13



(d) a hose connector operationally connected to said 15 oscillator
connector port and adapted to receive a hose with a patient mask;

(e) a conwoabizrssiantrol | i ng operati on of said apparat u®CT/US2012/036876 (f)

sai d apparatus having an insufflation node wherein 20 said controller sets
sai d di r%\ﬁltaitonlsva&l%%mségicqst:ha_t sai d exhaust port is operationally connected
to said comon por nd sai'd intake port is operationally connected to said

at nosphere porlt., tRker elppapraovidicagnopasiitioste pressure at sai d hose connector

for an insufflation; 25 ai_d apparatus.,having an exsufflation node
wherein said C%Ht r ol Ibéro(%)ert Elasffalin i ech%iac}frle’vaaln\%eeXsﬂ?%sstt’haatm{saai d int ake

port is aeperatdldnalley sgeraected to said conmon port and sai d exhaust port

i s opgrational IL}P?/ connected .to said atnosphere port,k t her eby providing
negatPve pressite &t “Sdi¢ 30 hose “Eomect'sr Fort exsUffd ati on; (h)
sai d appafairus ihad1Ing adresicumde oMieriel misaicd dortakel,l em seirsisal d
direction val ve such that said exhaust port js operationally connected to
sai d comsiF (pGRtTaiid g ACAE Gort toh et At B (5 ETRCERY to sai d
at nos pherse mOMPRROE2 /83 URGT/HUS202/0368Hhepar,t ardcher ebynmproviddiug
positive pressure at said _hose connector; (i) said apparatus having an
optional flutt% nmsde 0SSR & Radaid ComFBRTErCT dtcdte$7$hicd V6S¢iq | at or

di scigt Atseidable Jiaquenen dwddg exsififd atdien: common pdriTheszappar at us
of claim1l wherein said controller provides a manual node wherein said
appar at u® 5% ldddptred HC EEEIV @ IHSETFRE iR M Sa 1is €1°TAE A0 IiéH tsai d

appar at Ui dai Sald Jansdfd aldon mde.: Said Jieg! mden and Salihmper,
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

14



10 exsuffl ation node. 3. The apparatus of claim2 wherein said
apparatus is adapted to receive paraneter settings froma user, said

par anmet erwoiznc/13siong an i nsufflati on pressure, an exsuf PCattisem2ps@3cure, a
rest pressure, said flutter 15 frequency, and a flowrate, said

i nsufflat]| pr.essur, in d by .sai troller to _set .said bl ower
speed du |o%§’i r@ue?%b til%)(;err?,vgsdzji’?% éjx%lsu]TSEﬁV%t %%n%sp)s(r?lerses&rte Sbaej’l%%]éloﬁéseed by said
cont rol | erortrecgetr;sai d bl ower speed during exsufflation, said rest pressure

bei ng used by idcantroller to set .said 20 hl.ower e bet ween
ThsUTT 12t on’ did. eXeurt IMEOR Snd SAT AroREaCh e g ea by aai d
cont r ol | emere isetsaile quosirtdldre rofr cdaite dissd ddurdaig liawsuf fdiatd et a 4,

The apparatus _aof claim3 wherei.n said aratus includes an inhale button
and aﬁ extivdl @bg‘tﬁ t%r‘?,quféicd’ “CorR redﬁslug%qf\ﬁ]toéhi ng said apparatus to said

insufflation mde athesaigbdrisufd |cat i ipr asswce o | isaidbrivialierdutton is
actuated, sai.d controller switching said apf)ar atus to said exsufflation

mode at $FY EXSUFT MGG PrRESs diE il & FPEATA % St G AR Stetuat ed,
and ai d ceidiald emsswiicahiolg fsaind 23 spparatus Whersald o eglparede ati ssai d
rest pressure when neither said inhale button nor said exhal e button are
act uat ed. 1t said insug flpde oy gdarus$ g Aaitm™P Wfrerdich S$4i%d control | er
provi des s autigmatdc ede wherein said controll er causes 35 said apparat us
to produce a predeterm ned nunmber of cycles

) \m ' ' '
2012/ 158394PCH-US20 1 G86876 tvercdi it la 18y /e St SeriderrPPat dtsufifd at i on,

an exsuf flatdieny @nd & dJi88t pb-aM08 Appanatiug Of Hralma ahergiin sai d
apparatus is adapted to receive paraneter settings froma user, said 5
par amet ePRGaREUedisn g e U fAnatlineh Ifriedsinde Pra® sexsuf fAtat i on pressure, a

rest pressulig.risaiid.f lgtden, fd equency, A Jdowd ate,; Aiipsyhflation tine,
an exsufflation tine, a rest tinme, and said predeterm ned nunber of cycles,

sai d1 P nsdfrfdatansyy preess @ € Isei nigtisedady sdisd fddmtrisll @rasgure 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,

15



10 set said blower speed during insufflation, said exsufflation pressure
being used by said controller to set said bl ower speed during exsufflation,
sai d restwpnressids®4bei ng used by said controller to set Psaius$2ta2038r6 speed
during said rest, said flowrate being used by said controller to set the

15 pOSi“ﬁ%%fgh§%£%§¥ﬁ§j_qrggggfgggjlégingufflation, 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.
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