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PCT/ AU97/ 00278 " CONTROLLI NG GAS OR DRUG DELI VERY TO
PAT| ENT WO 98/50095,¢ present invention relates to apparat usPFYP VTR B0l | | ng
gas delivery to a patient. The apparatus of the present invention is

rel ated to appar at ' | i : ndi ng PCT application
AU96/ 00679 fil ed 3@&?&%@%@%&%@9@&“&%{?E‘éf’gﬁ? 632032 entitl ed

"Anal ysis System for physiol ogical variables”, the di scl osures of
whi ch are incorporated herein by cross reference. _ The apparatus of
t he presEit presestinventinayelptesiodpparaiuadaneenteoliingigas delivery to laepatianit i ¢
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delivery to the I ent . | agnosti c and erapeutic functions may

be perf AdeBatentab3293p entitled C'AnalysinPystem fontphysialegicalunatiables”,othei t may
be perf oy, Vi .Qr _pore _se te devices. 15 The apparatus of the
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and treatnment of sleep, respiratory and sleep related respiratory

di sorders, sl eep g{(rsopensi ty, fatigue and asthnma and will be described
herei n i bhe apparatus obrthexpresmpl dnvendloss snay previde aediagposiis ansdon lmat it
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that context. Néverthe!ess it is to be appreciated'that it is not thereby limited to

20 such applications.

The apparatus of the present invention has been developed for, but is not limited
to monitoring, analysing, storing, controling and networking physiological
variables. The aforementioned “controlling of physiological variables” includes
25 controlling the gas delivery to a patient. This gas can be but is not limited to air
as used in a CPAP (Continuous Positive Air Pressure) application, or one of the °

many variations of positive air pressure delivery to a patient known in the art.

Due to the complex and varying states of sleep and the broad range of sieep
30 disorders that can be diagnosed, many different physiological variables and

events can be simultaneously monitored, analysed and stored by the present



-2 - apparatus. The nonitored physiol ogical variables and events can
i ncl ude one or nore channels of each of the follow ng signal types:
[err] Br¥&¥58%Sand snoring sounds 5 [err] CPAP mask P&T97/00278
(monitoring for pati ents breathing .92.

sounds wi thin CPAP nma

These s@PRA&NMBC |Tln?ern§ﬁgprqql€phy5|ologlcal variables and events can include one or

wh
eezi ngn@,%dcrgd?,%is Sféafc'rfj@frtﬁ following signal types: oencephal ogr am

br eat hi ng sounds err] Brain (EEGQ

[err] Eye Movenent/ El ect r o- ocul ogram : (EOG) [err] Muiscle

function/ ELect rg/ dg ésubment al EMG from nuscl es ,

under tHe g""g n ?lgqr}njg $qK€Se functi on/ El ect r o- nyogr am (di aphr agm

EMG Erom r

ef f o?t) é@@iﬁ r';i.{‘a]%kl\/ljsc e function/Electr o( momtonrr\r? for pat;e(nt.? RreatElog

refl ecting nuscle and sounds within CPAP mask).

nerve activity either by invasive or

non-i nvasi ve nonitoring) [err] Status THESPSPUEdS inshdasnpling [err]

Leg novenents (Le [err]

Heart beat/El ectrocardi ogram (E%yheggwg%r}ﬁﬁ'&fjﬁrse%tgé%/red

(S[ err] derr] - Oxygen saturation) [ eredthicgrdomnddi oxi de noni tori ng
[err |rator effort (Abdom nal

thoﬁch c,' cﬁfaHtWEY%ﬁ/EECt@SnceFE logram 1 | ow (EEG)

( Nasal aalifl):: QE&H s Positi rfl ow Pressure

(nonitori n%; b’%’t“leé‘wé&r ograr (Eéd}l

pressur e diusclg furpgionfElectoo-npfogram (submental EMG from muscles

CPAP treatnent) 30 [err] CPAP mask tenperature

(monitoring of CPAP mask air under the chin)

t enper atur i 1L M .

and airfl Oh\?vu%c?é f&?cﬁ@hﬁl@&r&%;’o\ﬂré% VO 98/ é%laggragm EMG from respiratory

PCTHBU97/ 00278 effort) -3 - [err]

St at us of ghts féle” G aphi c processing of video jmge (all ows

det er ni rratMBWl@ffummém peienmyagram é9'ber EMG seflacting rap%@e@ﬂd

[err] Patient digital video recordi ng and I ues for

5 determnation of eye lid activity (i g‘ 3@%‘2’&3&?‘@%&%‘%&@@& ng

opened or "non-invasive monitoring)

o Status of patient position

20 o Leg movements | ' (Left and/or Right legs)

o Heart beat/Electrocardiogram (ECG) _

e Oximetry (S, O, - Oxygen saturation)

e Carbon dioxide monitoring CO,

o Respiratory effort (Abdominal, thoracic or otherwise)
25 o Airflow (Nasal or oral)

+ Continuous Positive Airflow
Pressure : (monitoring of patients mask
pressure durin'g application of
CPAP treatment)
30 « CPAP mask temperature (monitoring of CPAP mask air
temperature for breathing activity

and airflow of patient)



closed - relative to fully closed or fully opened eyes status).
Ti me and _date stanplng of nonitored phyS|oIog|caI data, video and sound.

[err] 1 NYQ3F¥8%°Vi deo nonitoring (for night studies) PETAUPTR3R| ex

sound analysis (accurate full bandw dtd-or limted bandwi dth 10
recordin anal vsi s of breathing sounds. The sound is anal ysed and
conpar ed‘gmﬁ;’gu ﬁ@?a or a data base, consisting of reference data for

di sor derecbbé;ﬁﬁé fyra@esslmgpi bpmuybeﬁnéqy (mw%eaat@nﬁm%ﬁl dfeihéther Patianp e

axi s adjustnment to allow o mum focus on breathing sounds.) *
Phy5| ol Ogl@)&ﬂs aneconen of elosaf). ar r hyt hm a, EEG spi ke detection, EEG spindles
Local ,area networked. nonj tori ngJ5 ?nal ysi s

and/ or sf org{‘?ﬁnt J]%'{%atvl'%ﬁ [Eerc[)ldmg and, arapfie o Professing atl?FBg'qu err]
Endogcopy determirftich & @ V@%h;doxacm@abe SBflsy 8f pafiehieapéS ¥pBnéd of [err]

3 D inmaging [err] tual patient nonitoring [err Infrare eye
det ecti on ¢losed ar¢igtree tmﬂl:llglchasdrmﬁuﬁsoope@pd eyes $tetus]) EEG delta and

| ph o
oo o % 54 e e ok HBeR Sy Bofal ofB) SRES e Yol o
sl eep/ f a} | gieredNRSdRBNItIRHS Fof Alyht studléﬁ”] Mattress Device: nonitoring

of patient sleep state and respiratory ameters . by using a
mat t r esse sensplexd esourel é’rhalymt (a;mnratewfulé Iumdvb'dth;sm'd limited bandwidibni tor a

t t I I t at | s, t
E?eét oc:tr%l gc 'rﬁgng 4 ran% 03 SPa "Ee‘?/df' yp iéﬁﬁ%&é?gggﬁy%ﬁpalqr%l e 30
Mat tress deyhesfed Wid '&.té?‘@r&easmfattgés% %&%Bbf%ﬂwva% Fgene

fluoride (PV pi ezoel ectric plastic nm)nltorlng
sl eep st at @isprddred preathpmn sMigropharses may dreysetive codtroled forgiutamatic axis

state or fat. a sub ct, ne or hysi ol ogi cal variabl es as

| i sted abo@é’“gyme“t to 3lig IRy Pﬁ%embyefﬁbﬁ’& uBgs gnd/ or anal ysed and/ or
stored. , [ c

ati oni var MEPSERRL @ﬁ@“"‘e S P, R e Lo t6n EEC Sh R,

recarded, aanhgs’ad)therBa sarre time all owi ng precise data

i nterconnectign with note site, This renote, site can

process brt ?%{]O?Eﬁq er%\“’é‘g@dc iMRNILiNge n2nNJ¥sis, aRg{ar IRTAGS (%fttﬁoﬁaﬁ"i’ﬁﬁ can
take the fgrmigbgRal GRGsHIEE transm ssion nedia, including but not limted
to 10 wre ¥ess I nt erconnecti on such as spread spectrumtransm ssion

wi r el esse LBNdoscopy

e Breath by breath analysis-pnuemotachograph
20 o 3D imaging |
e Virtual patient monitoring
» infrared eye detection for fatigue and sleep monitoring
 EEG delta and alpha-wave detection
¢ Eye position and movements by way of Infrared Eye Detection
25 e Delta Wave detections and related sleep/fatigue/impairment detection
+ Mattress Device: monitoring of patient sleep state and respiratory parameters
by using a mattress sensor device. The matress device can be used to
- monitor a patient's electro-oculogram, sleep state, arousals, position,
electrocardiogram. There are presently two types commercially available
30 mattress devices; Static Charge-sensitive Bed (SCSB) and polyvinylidene
fluoride (PVDF - piezoelectric plastic).



The prior art provides devices for the purpose of regulating a patients
br eat hi ng but these devices are unable to apply principles of
acoust i Y@ RI8!S ati on as proposed by the present PEFRNUITBRTS Wil e .
the applicant appreciates that prior.415 systens can nonitor patient

br eat himund and in particular snoring, these earlier devices
were no mosiedng slerpystales gaer cPéPP%‘lﬁ‘\}’ trﬁs%lr%ﬁ'iy gﬁprqq;sawgllance way
whi ch ¢ te.
Accor di Gat% o RRGUERE Y SHBECE ot DF Fidrdbryidi i BRlaridbies aHTRETy B4R
appar at myfhycorﬂmmouslytmomtamg ayaidorcemalysadyand/oasioreédent, said delivery
bei ng adapted to maintain effective respiratory function, said
apparat us incl udi ng: means for nonitoring one or nore

phys ol F'Hee ' I

br e;% hi ﬁgé gﬁé?%(ov&hggh% %g@sgg Br more cl’{%r’ir{élé%fg)#%h't ?é}lab%%gg rlg'(rgn said

one or emrﬁs\talbleabbmtoredapmdeepedaaadtrengrd@dzEvhne@&pheahma/tnméaéllemom at ed
with said patient; and means for determning fromsaid data, a

gas preB % #ata, dntgreannection with 5 ramotey site. pridie female fitee B WeVon i n
sai d st ﬁltdace I?@éd???ﬁé fedafnd® gﬁﬁér'ﬂ:r cfata The c‘/&hr‘h‘%nid&‘ﬁwgﬁg c%gﬁggﬁttﬁé ed

conponent osite acoustic
br eat hi fuyrrand/a)rraagmlmf tréﬁsm;ssnon Hmdnapmdhmdmggbnﬁabs lingited e | widkles®ans

suc{u luraljty of sensors and/or transducers for acquiring and
Q or‘ cvaw%&sar\e%u%?ﬁ sRread; %P&CHHVHVB'P%B!S&Q” wireless 4AlN.es associ at ed
with the patient. The physi ol ogical variables can include respiratory

effort, breathing airflow, oxinetry and/or sound. To this end the

WO 98/ 5TR8Pprior art provides devices for the purpose of regulating a patients breathing
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noni t or PHY tmgevwsua& ugablg fo ARplY wincipee ofr acRNmtly seecallationvasr at i on
t ranSduBﬁfp er@{“t rQééﬁ’ct IIFWQ losrpur\ﬂlhﬁé'%gra;?ﬂll{?aﬂf %ﬁﬁpécﬁ atd that ?;%,EPC' at ed

ent resp functi on sound essure

wavﬁs t remdmecansr&uomtor paﬁimitubieaehnagmm andpinoparticalar mcﬂmrtbesensor
air flow alensor or simlar 5 device. The air/sound pressure _wave

t r ansduBBHICRApViIsEs Wrgtnad dexalopeddoredidate gas deliyriy tas BRYSR in Rc¥@Yor at ed
[ h I h
in the pagal o a%ﬁﬂcaﬁ\?g?ﬁéél w%rv%?léﬂqut% éQ?%?t‘é rr[}ﬁd%r CPralettéJas to the

patient, or at any ot ocat | I'ng patient airflow
and/or sound. Alternatively or additionally the apparatus may include other
respl ratory'i(@?raneters mgut for the purpose of nonitoring and, detection of

resfp g/ tetheopiesgRbinyentien fhierg:is Proyided appagatus for Contrgling,gagach
sen%)r BBRVEH th 'PPSEEHCailTH6IVERFEEhE AR IE thath@ifbffective respiratory

function, said apparatus including:
. means for monitoring one or more physiological variables associated with
said patient; _
means for deriving from said one or more variables, data representing a
25 respiratory state associated with said patient; and
means for determining from said data, a gas pressure vaiue which

substantially prevents a deterioration in said state.

The monitoring means may include means such as a plurality of sensors and/or
.30 transducers for acquiring and monitoring variables representing physiological
states associated with the patient. The physiological variables can include

respiratory effort, breathing airflow, oximetry and/or sound. To this end the
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reptesent ative of variables being nonitored. The nonitoring neans nay

I ncl ude means for anplifying and/or perform ng anal o% I’OCGSSI ng on
t he. anal&’é’%silsﬁpﬁfl 15 The latter nmay performfiltering aRhGreYdeEE " wave
shapi ng functions. The processed signal may be fed to an analog to

digital rter to c t t he or each anal og signal .to . '
correspcgﬁﬁ'qgod"tﬂ Jreds i”%‘h‘i‘ AP B PTESRURe VRIS 4" § gCOUSt'c H@atﬂﬁp fed to
a digi tf#ar&ﬁ%éﬁﬁpho?x%hb?edfhlﬁb%meéﬁd%r alr preSneayRtLhssotited w1th
digital processor may include software for deriving fromthe or each

digital t $@aétenm)resmrat@ryrfwmtmnTtnenglrtdfesopadumasereewemansqumamaa/ The
sof twar e I ncl ude, neans as an_algorithmfor determni rom
he dat indotasd ol FE&GEnone A freSSurd sdhatt Al by BeBgun et midr

det e5i Orgiicd) Phe tatt%dmmréaémemﬁat@nsati@eahagwtbeat@aynear the Sb%naﬁept ed
to generate a gas pressure signal which is substantially 18 out of
phase r ¢lughi 8 being tmeommetedom Meenmh@nnasatmdmrag mask tllsed\/tardﬂhuer sound

t oget her_ 25 ith an.o n_of S, pr ssure st nal hanges
r elgat i va& 9 % patient, o, B, ﬁﬁnx %ﬁ@&a Bntﬁ%gagﬁt °(5fm‘EJW P@’ﬁ'%ﬂ au[ﬁq@/ latter
may be Rbof %oﬁﬁﬂtr@llternatlveﬂﬁ'drVSﬂ&tleﬁaﬂPQhé Oaébdr'éza AQud&narby out or

substantially conpensate the ‘effects I ng d| sorder In the
event ttrasptratersbrmamletejsdunput der the putpose of smbsitaring andy detectieat ofl t he

sof be a to activate delivery of a drug 30 such as
vent 8m§§ﬁ"mﬁt§ﬁﬁ@%§herw se be a fatal or severe
asthma attack The softvvare may additionally be adapted to determ ne
guantity 6

requi r eniéhet sonfeadie sensgr ahd/drattemsduegr bmapagedemtet lam partdlegit sigmast ory

d th t he di f t dt
o e ur aoprlHE O v BRebFgth L “Tne rofe R eBro i
t t
| nVent | Sheahdeat BRI LA Berforfing ERARhORESGRE\TPId BRaIERL ey
r esbr atldrey latberc mayn pestoreh fitietngl and/bodithgr taves tsbppingf functions. The

L e ohRL U5 8 e MG B o
from Sa'ééc@n”ﬁnélb r@%ﬁal"tﬁra %Bl'r%§poﬁ'@ih@ diGRAICSGAEI "IhE drSSRiH ?{g‘ﬂ‘én)’sg%%l state

associated wth atient determ ni ng dat a,
a gas prreasslhxeefedamomdmad:prmslssoaauctalal mrcroprocespmremenmwoeomeutan offeion in

orporeH a5 il B EBRRS SEN SoFS e il
o2, T ngbieh i e pifns resp SR8 A e Sofld s bbb MBRRS 1
del i ver ysuob as @at algntithns dorddeftesmiteng framy theidada adgas guessure value whlch
substantially prevents a deterioration of the respiratory state. The algorithm may
be adapted to generate a gas pressure signal which is substantially 180° out of
phase relative to the phase of the patient breathing air flow and/or sound together
25 with an option of a further gas pressure signal which changes relatively slowly
when compared to the out of phase signal. The latter may be used to control '
delivery of gas to the patient to cancel out or substantially compensate the effects
of a breathing disorder. In the event that the breathing disorder is not
substantially corrected the software may be adapted to activate delivery of a drug
30  such as ventilum. This may circumvent what may otherwise be a fatal or severe

asthma attack. The software may additionally be adapted to determine quantity



to maintain effective respiratory function, said nmethod including:

moni toring at | eagt-one:physi-et-ogi-cal variable of a patient, to provide 20
moni t or i PH08INE 1'6R viepresentimy fthe at | east one physPeT/agbuemTs .
vari abl e, er ei n Hthes &0 | eastj_gne physiol ogical variable is selected
fromthe CONST ST breathing airflow respiratory effort,

rou ng or. A I
and brea[?a\"‘r‘iﬁ’%?m?nﬂf;the drug. Theqaﬁeﬁmaud)ecwm ther patignts histerrtanshtheo
derive | ' tient
cor r espontmeBRER e BoRieriae (FHpind to gas Hréisre highitfieR usi ng
the data to generate a control signal; and using the contro
signal to contro|l deliyery of a gas to the patient, wherein sai d

control RiRjgare &mmm&”ﬁtﬂfu‘!hét BEeseshpoYRiHionawdl Bewhgesdescriasduwithed
corrpgneg%fétr%neé)% ﬁ’{ee?@ccg\%?aﬂﬁﬁé ﬁH‘M g?Wh%‘?eiEQ cancel vibration in an upper

pal at e e patien ccording 10 a still further aspect of the
present invention there is provided a nmet hod for controlling gas
delivery_to a patient. said gas delivery being adapted to mai ntain

ef fect i \I'égw@si!)ﬁ%aw&r@ blagkdingiam of onefeim &d gasdlelivergapparatus according

6a to the present TRRUAtGH! N9 at | east one physiol ogi cal variable of a
patient, to BFOVIée "monitoring information representing the at | east
one physi ol ogi cal vari abl e; using the nonitoring information

to ggri\C/Fe dat a reFresenti ng a respiratory 5 state of the patient

cor N8spdi@snt 1o 1F dout wakalorms asspriatadovith thexapraratusmoidfig. 1;

using the data to generate a control signal that includes a nodul at ed
conponent related to said data; usi ng the nodul ated conponent

of the ddg:2alhowsganlovesviewdf syisterd software MEHIEH vy BE /EBHMA @njthdidh Wil e
delivering the gas to the patient; and 10 usi ng said nodul at ed
corrponeﬁ’('g'l theoprharetussshw deFigvdiy device to cancel vibration in an
upper palate of the patient.’ A preferred enbodi nent of the present
i nvention will now be described with reference to the acconpanyi ng

dr awbngFigheBeidk and53B show i Gowediagraravsf thedlsoakd dirrRDFéepiitorgngvdrr m of

gas delivery apparatus according to the present invention:
detector /recorder;

Figs. 4 and 4A show a fiow diagram of the respiratbry acoustic cancellation
feedback servo system; énd |

20 | |
Fig. 5 shows one form of gas delivery system modified in accordance with the

principles of the present invention.

Referring to Fig. 1 of the drawings, microphone 2 picks up sound from patient 1
25 and converts this to an electrical signal. The electrical signal from microphone 2

is analog in nature and is passed to signal amplifying and processing module 3.

Amplifying and processing module 3 amplifies the analog signal and performs
filtering and/or wave shaping as required. The analog signal then passes to
30 module 5. Module 5 also receives data from one or more sensors and/or
transducers adapted to monitor a range of physiological variables associated with

patient 1 such as respiratory effort, respiratory airflow, patient oxygen saturaition,
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Figs. 1A to 1 F show waveforns associated with the apparatus of Fig. 1; 20
Fig. 2 shows an overV| ew of syst'em software which may be used in
conj unct I'GP83%95 \with the apparatus shown in Fig. 1 PCT/AURT/YR78 3 3A
and 3B show a flow di agram of the souid and respiratory event 25

et o0t OWSoBagE (EE, ol B, R athBebl RO AR
Fig. 5 BEM®), gtichopositiongasd deéilker Y ThESlhasat EP@'rép@%ehfécﬁ‘b?%@ﬁﬂFéG4Wth

t he principles of the present invention. Referring to Fig. 1 of
the dr a\m"ﬁgﬁ PrevidespRaleg sigpaleKepigsestiug the manitosad physiglogical varidblesnver t s
this to da gtSrl cal signal. The electrical signal fromm crophone

Lﬁal 0g in nature and is passed to signal anplifying and
pr ocessi ng nodul e 3. Amplifying and processing nodule 3 anplifies

the anal og signal and perforns 5 filteri n% and/ or wave shaping as required
The analMedwedhinclydasnone o5 ésonepanalog fe dligital Tonvedorseand &l digitabcentvals dat a

of phy S5 uiE LD 2 miprtr 8Os B iR Binouel JRE.SPU & "9
respi r atieadedivita doftwape MdIadiAg Yordl 61 ndYé pRdidsSitg AYBERIMs for getieiafind,On:
inter alia, a gas control signal. The gas control signél may be adapted to produce
10 a constant or varying gas pressure and/or air flow as required to compensate a
prevailing respiratory disorder.

The gas control signal is fed to pressure transducer 6 to produce a gas pressure
which is of a similar frequency but is substantially 180° out of phase relative to the
16 phase of the respiratory signal picked up by microphone 2. The antiphase gas
pressure produced by pressure transducer 6 is fed td the patient 1 via a conduit
such as a plastics tube and may be applied via the nasal or nasal and oral mask
to substantially cancell or compensate the effect of the prevailing breathing
disorder. Pressure .transducef 6 may include a pressure valve for controlling gas

20 pressure or an acoustic transducer such as a loudspeaker driver.

The apparatus optionally includes a drug delivery module 7 for delivering a drug
such as ventilum to patient 1 directly or via the gas feed associated with pressure
transducer 6. Drug delivery module 7 receives its controi signal from the digital
25 processing unit of module 5. The signal to i.nitiate drug delivery may be based on

a consideration of a large number of patient variables available to module 5 via
module 4.

Referring to Figs. 1A to 1F, Fig. 1A shows typical sound pressure waveforms
30 associated with a snoring patient. The sound pressure waveforms impinge upon

microphone 2. Successive bursts of waveforms are shown separated by a time
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waves (EM® 28582t beat (ECG, eye novenent (EOCG nuscl e PCRISUITN0278 .
(EM3, patient position and the |ike..glhe latter are represented by nodul e

4 wWhj € rovides anal og signals representing the nonitored

physi ol odi-cgyﬁ"?f&r'}'ﬁﬂl@% tis gr?%gﬁgl?tﬁ‘l %b‘g‘?t 105seconds\ihismay=pe iepIeiedone or
nore ana iECH r st al central processi ng
unit (CP ﬂ}%déﬂ@??fgﬁ%jagpgféﬁ%écgéégraébglreﬁrﬁﬂégioiegm roller. The CPU is

| oaded with software including one or nore processing algorithnms for
gener ati ng, alia, a gas control signal. The gas control signal

i nter o] K
may be abRptlEishewsthranalogelecricalfignalat dhe phIRKtf nYsEoRhoBs AIWRIGWS/ or ai r
fl oweaas I : vail gng4respiratory di sorder.
The gﬁgs @?ﬁ#rbgﬁggﬁ@gfgﬁﬂggﬂﬁZz&r&fégssbntge@ggpg ?Maﬁ@daber 6 to produce a gas
pressure which is of a simlar frequency but is substantially 180[err]
out of phase relative to the 15 phase of the respiratory signal picked up
by mi croblford& Shows the,(analnc gasgentrol signgl euipyited py daella Hynginpsidiede -
transduc L the patient 1 via a conduit such as a plastics
t ube andgn%‘édgé%éagrgﬁgg&'vi a the nasal or nasal and oral mask to
substantially cancell or conpensate the effect of the prevailing breathing
di sorder_ Pressure transducer 6 may include a pressure valve for

cont 100 | Figg 1628hews the astiel airbewlpregsuiesassociate sbbe aasc(anselvered
I oudspeabﬁra gﬁﬁ@f?om rHoFule% Rak gt us optionally includes a drug
e or de

del i very nodu rvering a drug such as ventilumto patient 1
directly or via the gas feed associated with pressure transducer 6.
Drug delivery nmodule 7 receives its control signal fromthe digital 25

processi kig- df shews foe seend prassaira wayeforpy of kid- it in whigh el (hegizgnially be
based ong : i i unber of patient variables

avai | abl gmfoaxdggéggﬁbﬂ\e/e{xgﬁh(?@d B?rg S}:%rr%?1a' Referring to Figs. 1A to
1F, 8 g. 1A shows typical sound pressure waveforms 30 associated with a
snori ng Eati ent. The sound pressure wavef orns_i npi nge u m_cr ophone

) pon . .
2. SucceEig-JE shows thesactialaiffigwiaressureseblig. dB0awhisl thy (horizoptal) time
WD 98/ 50 ' :
PCT/ A&?%g'g{'ﬂ? been expanded by a facto.r of 10. s i
Where the tinme "t" is greater than about 10 seconds this may be interpreted
by nodule 5 of the a {)ar atus_as an apnea epi sode. . .
- A comparison of the waveforms Figs. 1E and 1F shows that at time t, a peak in
20 the waveform of Fig. 1E is accompanied by a trough in the waveform of Fig. 1F,
illustrating the phase reversal which gives rise to acoustical canceliation and

compensates the effects of a prevailing breathing disorder.

Referring to Fig. 2 of the drawings, a combination of the following processes can

25 be operated in real-time either individually or concurrently at any time.

(a) Sound and respiratory event detector/recorder.
(b)  Sound and respiratory event detector/recorder replay system.
(¢)  Acoustic feedback servo system.
30 _
The following is a description of each mode of operation with reference to a

typical application, being snore detection.



Fig. 1 B shows the anal og electrical signal at the out 8u|t of mcrophone 2
which is utted to anplifying and processing nodule 3 in

Fig. 1 C“é%%woﬁ?le (anal og) gas control signal outputted 5'§Tﬁﬂaw0é%5 and

I nputted to nodule 6 in Fig. 1. -910 Fig. 1 D shows the actual
airflow pressure associated with the gas (air) delivered via a
conduit fromnodule 6 to patient 1. Fig. 1E shows the sound pressure
wavef or nBROGKg. 1A in which the (horizontal) time axis has been
expanded by a factor of 10. 15 Fig. 1 F shows the actual

airflow pressure of Fig. 1 D in which the (hori zontal ) tine axi s has
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concurrently at any tine. (a) Sound and respiratory event
det ectorg[_w(?er. (b) Sound and respiratory event
det g¢f or/recorder replay system (c) Acoustic feedback servo

f h de of t
i r or Spundand FEspiPatcRy shnt BeBiBREeaditk? oo ng anore detection.

WO 98/ 508fFek 2 represents the system’s event detection and recording fupction mode.
PCT/ AU97/ 00278 - - BLOCK
1 The apparatus may be used with minimal memory requirements, in which case

the processing capabilities of the system to detect and record the occurrence and

15 frequency of events such as snoring, allows a basic detection device.

For example, the apparatus may be used to monitor patient's breathing sounds
and record the events for purpose of a snore index which may allow a physician
to determine the extent to which a patient is snoring. The apparatus may detect
20 the frequency and severity (by way of amplitude or sound level measurement) of
snoring by a patient. This is the simplest operation mode of the apparatus as
memory requirements are minimal. The original sound does not need to be
recorded and the apparatus is set up to detect snore events only and count them
per unit time such as each hour, for example. By providing to a medical
25 practitioner an indication of how many snores per hour are detécted, and the
sound level of these snores, the patient can be recommended for further more

advanced diagnosis and/or treatment if required.

Alternatively the apparatus can be operated in a mode to store raw data from the
30 input microphone and/or other input sensor(s). This mode of operation can be
operated in conjunction with the simpler above mentioned detection mode to

allow the medical practitioner to detect a patient's breathing disorders such as



Block 1 represents the start of the system processes. Start can be
initiated b 5 selecting start recording fromsystem control.

Al t er nat XRP8508%5art process can be initiated by confPgumiusgoeie system
to start at a predefined tine or the_dgvice can be started

aut omat i cal I.rzg/on}ﬂ. ower ug of the apparatus. BLOCK 2 10 = Sound and
r espi r at DP9 NE, KRG 8t the sRMeiBpdRFovide a megpr of allowing dhe practitiongstem s
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with mni ry requirenents, case
capabilities of the systemto detect and record the occurrence and 15
frequen% of events su(i s snoring, allows a basic detection device.
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apparatus 1s set-up t'0 detect snore events only and count them per
unit tinme such as each hour, for exanple. By providing to a nedical 25
prac%tigngr gn i ndi cati on of how many snores per hour are detected, and
t he 3 evel of these snores, the pati ent can be recomended for
further nore advanced di agnosis and/or treatnent if required.
Al ternatively the apparatus can be operated in a node to store raw data
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patient's upper palette, can be cancelled out or nulled out by way of an acoustic
or pressure waveform of opposite polarity to the original sound source. In the
20 example of snoring, vibration of the Upper palette is counteracted by a pressure
modulating the patient's pélette in .o.pposite polarity to the sound pressure
waveforms originating the patient’s snoring. This “opposite polarity” pressure or
acoustic cancellation can be applied to the patient by way of a nasal mask or full
nasal and oral mask. The delivery of the modulated gas to the patient is
25 preferably such that the patient's breathing is stablilised with a minimum amount
of gas.

The signal monitored from the patient can be sound, airflow, respiratory effort or-
other means of detecting the patient breathing.

30
This control of gas delivery is able to “track” the sound monitored from a patient in

such a manner that sound pressure waves produced from the physiolbgical



| ess where the device only has to record the occurrence of an event and t he

tinme of this occurrence, as opposed to the recording of all the
ori gi nal WPA#8%Fa from the input signal(s). 10 BLOERT/&US7/00278
Respiratory Acoustic Cancel | ation Feedback Servo System (RACFSS)
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of snor ithdrQAUENCExBigh enough, t9. agaustigally joangel b@/“taﬁppﬂ'ﬂ’&sas'b%@@ Witssur e
with a rmﬁ'l'rljnéf ﬁ\@dﬂfﬁé@ Wirres Ao aﬂgmﬁfrﬁﬁ b%%q?\yélﬁg BhgRe to the

originatin ent''s snore soun e prior art includes
Cont‘lﬁnuous Posi ti ve A| r Pressure (CPAP) devices (Sul livan), Variable
Positive Air Pressure_devi es ( VPA ositive Pressure
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process the system is used in a mode of therapeuttq control whereupon a subject
can be treated for disorders such as apnea, snoring, hypopnea, amongst others.
20

BLOCK 4

Sound and respiratory event detector/recorder replay system
Block 4 represents the systems capability to provide a means to review:
25 a) monitored raw data input from the microphone;

b) review events detected by the apparatus in order to validate the precision °
and accuracy of event detection capabilities of the apparatus. This function is
helpful to provide to a user of the apparatus a level of validation supporting
any diagnostic decision that evolves from the use of the apparatus;

30 c¢) Selective or random sample event storage. This mode of operation allows
. the apparatus to store one or more selective or random samples of detected

events. While only a limited set of raw data samples are stored, all events



pressure waveformw th a fast dynam c range and frequency together with a

base 10 line pressure, in order to provide acoustic cancellation of

pati ent NG/e8/5909gi cal sounds such as snoring. This tyepa0dr/@2ss
delivery device requires application_qt, _ uni que pressure drivers such
as a diaphragmin order to apply the nodul ati on at a frequency high

enough to doayibei detecied; notptecand symamadsed irs temisngf wivehts per umit tinmal
nodul at ed air pressurelflow and m ni nal base | evel pressure. 15 The
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di agnosti c \@gremitigh.t hat evol ves fromthe use of the apparatus; 30 c)

Sel ective or random sanpl e event storage. This node of operation allows
the gpparatus to store one or nore*sel¥®ctiwme or random sanpl es of detected

events. Wiile only alimted set of raw data sanples are stored, all events

\é%?itgg/ﬂgg)%giagram associated with operation of Block 2 (sound and respirgtory event
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eg. per hour. This technique may reduce storage requirenments significantly
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may

one Block® More typical detected events. An exanple where this function
woul d be § " useful is where a patient is nonitored for snoring but
wheris fal se detections t hrough excessi ve background noi se could be
i ndi cated_by all owi ng the user ~ to review sonme sanpl e recorded
events, SMERT may i nclude excessive background noi se, and indicate
that the systemresults should be observed wth caution. 10

o * A flow di agram associ ated with operation of Block 2 (sound

and respBteqt drrgpraseiits the systeheetapl WhibOtslid Jod Bpétiated Byiselsdipypoweri s.
3, 3A and 3B. Wth reference to . )
on, the pre-programming of a particular start-time, by applying power to the

20 apparatus or alternatively by remote start command.

STEP 2

Step 2 represents converting of data from the input source to a digital format so
- 25 that this can be further processed in digital mode by the central processing unit of .
the apparatus. This input data can be, but is not limited to the input from a
microphone. Alternatively or additionally the input data can be from other means
of detecting patient breathing which could be for example from; an airflow sensor
such as a thermistor breathing sensor, .thermo-coupler breathing sensor,
30 respiratory effort sensors, sounds recorded from a patient breathing mask (nasal
‘or nasal and oral), a vibration sensor device attached to the patient or .other

means of monitoring the patient’s breatHing sounds or physiology.



Figs. 3, 3A and 3B the following is a description of the steps associ ated
wth Bl ock 2. 15 STEP 1 ’ Step 1 represents the systemstart
whi ch cotlY¥*¥0%per at ed by sel ecting power on, the pPETHEHR®Mi ng of
a particular start-tine, by applying-pdver to the 20 apparatus or.
alternatively by renote start conmand. STEP 2 Step 2
represents converting of data fromthe input source to a digital format so
25 that gffigps3can be further processed in digital node by the central
processi ng unit of the apparatus. This input data can be, but is not
limted to the input froma m crophone. Alternatively or additionally

the inpu from ot her neans ...of tectin patl b athi ng
whi ch CoSteP BaraPLreais AT oSt erpraiii AL Bie apparefi inciiing
therrsst&;uowle?thi ng sensor, therno-coupler breathing sensor 30
respiratory e ort sensors, sounds recorded froma patient breath| ng mask
(nasal nasal and oral) a vibration sensor device attached to the

pati ent e f m)nl toring the patient's breathi ng sounds or
physi ol og}' By Breathq/\%e%?
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having the desired affect in relation to stabilising the patient’s breathing, ie. is the

15  application of increased and/or moduiated air pressure or airflow by way of nasal
breathing mask removing the symptoms of snoring, or is the application of
ventilum by way of face mask removing the symptoms of asthma (ie is wheezing
subsiding). Both these examples are direct applications of RACFSS.

20 Spectral Analysis (SA)
SA provides a breakdown of the frequency spectrum in terms of amplitude and
frequency bands. This type of analysis can also incérporate amplitude or half-
period-amplitude analysis. The sample period for spectral analysis can be varied
within the processing stages to determine both recognition of instantaneous
25 Dbreathing sound changes and longer term breathing sound changes. The
parameters by which the SA processing variables are configured are determined *

by the user of the apparatus or preset from clinical studies.

Fast Fourier transform (FFT)
30 FFT is a conventional form of analysis and is provided for the purpose of
- determining the power monitored at various frequencies. The sample period for

the FFT can be varied within the processing stages to determine both recognition
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Signal to Noise Analysis :

20  Signal to noise analysis can determine normal system noise by shorting out input
stage electronics and removing external sound, in order to calibrate the system
for external noise against System electronic noise. Advanced signal to noise
analysis can also distinguish, in part, patient breathing sounds against unwanted
room noise. The determination of background noise can allow accurate threshold

25 calculation in order to precisely set a point at which microphone signal should be
ignored. '

STEP 4

30 Step 4 represents an optional capability of the apparatus to store monitored
patient data together with primary analysis data onto permanent or semi-

permanent devices such as hard disk or removable flash disk devices. This



Signal to Noise Analysis 20 Signal to noise analysis can determ ne nornal
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patient data together with primary anal ysis data onto pernanent or sem -
per manent devi ces such as hard disk or renovable flash di sk devices. This

WO 98/ 50R98 type of storage is necessary to ensure that raw data from the rheritdiey 7/ 00278
- 15- function is indicated as optional because the apparatus can be

conf i gurgatient tihpub can beoreviswededithperneamctely or Iewmdly- gerimprthet systemsge
capabilities..in order to redu facturing cost of the

. c .the man
appar at L%n_era’flo% Or 74 & lqt%é'"& thsrf&a@w*gg Eégﬁﬁtﬁ/ 25 RPdaddret By thaw dat a
from thephRftia® P dser of thAhpEAatidIPAl bty BPHHISYAG i SUENE'a (AIRIBHY. OF
| ocal |y during the systens operation or at a later tiIne. € revi ew ng
of the daft thedypéeofr bdormatibroyndritered by ihy sapparatusr andealsof alléws apgar at us.

A reyiewof this ra dataﬁllows valigation of the type_of

| nf dPrataRRATABS P dPIGR, Orthe Usspwhsre and whak evenis weirdataetedo Thasgleat us 1 o
i ndi cat d h

user of WL o e SHdtaRiCoa vliaale ME NcbRAT AR AR, and Hbeo8fing i ng

capabi | icapability hef tpp appaaEtuswwhith iis am impotantrfactoncinothd rusehef upe of the
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t he appaﬁ%@tlﬁ%sﬁ’ﬁ%ﬁ” A9 Rl Bﬁ&?ﬂtcﬁﬁ@?ﬂ%&t he number of fal se event

detections may increase and render operation of the apparatus
unacceptable. This may be determ ned by view ng the recorded data and

not ity If, for ekamiple, theappaeatus isvesed umcheisycémdronmdms siee yiuadie Gf dalsby
utilising an experienced person' ca'Pdabi lity in scrutinising system
per f or ient detections  may incr ase and render operation of the apparatus
unacceptable. This may be determined by viewing the recorded data and noting
whether any events were undetected or falsely detected by utilising an
experienced person’s capability in scrutinising system performance.
20

STEP 5

Step 5 represents the system's RAM which can be used to store various

processing requirements of the apparatus, together with minimal data storage
25 requirements such as the detection of events, the frequency of detection of

events (ie events per hour), random or selective storage of events, patient °

identification, amongst other storage requirements.

STEP 6
30

Step 6 represents secondary processing' capabilities of the apparatus. This

includes an ability to review the output of the primary analysis determined in.step
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detecti o‘ﬁetﬁﬁﬁ 8%‘?%@ hs i nvol vi ng | ess processing and having |ess

di scrim natory detection capabilities. - Valid Physi ol ogi cal
Breat hi ng Sounds 10 Valid "physiol ogical breathing sounds" refers to sound
recorded\gﬂi@llﬂft\!IséOngittairBreathingaSommsed to back ground el ectronic system

noi a bagckground room nai se. . _Signal to i se anal ysis (step 3)
deals'? W-'Vﬂhd?aﬁ%}cj?gnsﬁpﬁqeagygg SPHAES s@%\%i tpesqqnd\lgecord%[fqom the patient [oom
noi se agsy | ' ' he : CAS
vari etyghgé{‘ B B%%ﬁ?egé%%@&dgééﬁ%ﬂégﬁeﬁgf@a[%g %ﬁeg?ﬁﬂ{guéggﬂgg.n?lg ers to
15 nor n&ignaktmNbisegaMwsisl:{siapoB)v@edlsmithdmaslibraptﬁjredf lbyst_eﬁﬁ?diiesmzﬂﬁﬂmesuch gs
[ ' ' 3 r I ng sounds

mmy be. GUEEA L ARl g BSOS CBEP L e G B GABIeR et 1R B, C
D F ' ' r ate f ' reat hi ng
and si ecs Vel OF bos Bl RO o fBlogel g ller Solfid el 5
conpdehgrymat bisatiingl s@tdst mndl sarious disoréierdd GreamthBroeaboaddysiteaishe
anal ysi % fr{ngglelv%nece\éinagrjdca% Llr{gt,uadr?lzmgst others. Physiological breathing sounds

may be, determined by comparing actual data (refer outputs marked A, B, C, D, F

in Fig. 3) to prestored data that characterise various breathing and sleep

disorders. The prestored data can be determined by comprehensive clinical
20 trials.

Real-Time Breathe by breathe analysis (frequency and amplitude)
Breathe by breathe frequency analysis can be analysis classification of each
breathing cycle in terms of amplitude, spectral and/or fast fourier transform data.
25  These frequency and amplitude characteristics as determined for each breathing
cycle (where each breathing cycle is detected in step 6 above) are then collated
in terms of frequency and amplitude characterisation for each and every
breathing cycle: By characterising each breathing cycle in this manner it is
possible to provide a level of background noise discrimination (environmental and
30 electronic system noise). This noise discrimination is possible as breathing
noises can be related to the peak and trough points of the breathing cycle, for

example. Background noise will not be associated with the breathing cycle as will



Breat he by breathe frequency anal ysis can be analysis classification of
each breathing cycle in terns of -anplitude, spectral and/or fast
fourier MMM data. 25 These frequency and anplitudePChalavewrs stics
as determ ned for each breathing -17cycl e (where each breathing cycle is
detected in st.eg g a%tgo_ve) are then coll ated in terns of frequency and
anpl i t RIYS98icel Brealainggieises. J4Uis 30 exaspple of how roiseidispriggipation By
char act &g gih Al cle inthis manner it is possible to
pr ovi de@éerari P%\%F%@?%ggﬁgfr%%%pﬁ%l se discrimnation (environmental and 30
el ectronic system noise). This noise discrimnation is possible as
breathig . nai ls)es cgn be related to the peak and trough points of the
br eat hi 8V'(F9BFEe,“tF BOUNA oy anpl e. Background noise will not be associ ated
‘I’D"'CEI_;S Abgh‘;?\gf)cgﬁgghﬁgnﬁbégl i§ 17 tothl dound recorded mimYﬁF?eBélégggﬁi_c sjgnal noise

physi ol anyl thed physialbhicapbreatising .solihds. i s an exanpl e of how noi se

di scrim nation can be inplenented within step 6. Envi r onnent al
sound 5 Envi ronnental noise is the total sound recorded mnus the

A *pat | AR sfégp fate” cafBe dABAMES Y B SRl BBV RIS THERTS, .
nmeans such ssialousal detactioh. ddiesetarousal HetectionsWasbe B eft bomdniainge by

way, .of .toring 10 additional channels such as novenents from a speci al
sertd) i HioRal fpnels,aich as mayemests frain aspgcigl sepsibive aneitress. cHrci ti ve

di schar e Lhe : et | res he
appar atﬁgttf%ﬁamagn?gqngf%oéﬁaﬁne'c forr:éét};eaﬁaﬁé ngﬁg@%ﬁpteudin Wi%ﬁﬁ arity
of pati&foterneriiomay enatiress agpedtriendppatadis & abfe Whehdiitor the fréjudily, t he
patient is |ikely to be aslee 15 STEP 7 Step 7 represSents

terti ar%fnﬁﬁweés@%@g@éﬁi%ﬁ P@ﬁé@ kadyt mevemeatses en imicstarestadehether  a
final g@@ﬁ&ghéﬁiﬁﬁp{sq{kﬁ@g\b% éaggbnf ormation fromstep 6 (which determ nes

val i d ogi ca opposed to background and system noi se-

sedéndary anal ysis) and categorises the physiological event data into
cat egogﬁé as recogni sed by nedi cal physicians in the determ nation of
a pati l:’r7espi ratory di sorder or sleep disorder diagnosis. 25

This categorisation can include recognition of an apnea event. The latter
o Step 7 represents tertiary processing capabilities of the apparatus. This includes
a final analysis by referencing the information from step 6 (which determines valid
20 - physiological events as opposed to background and system noise- secondary
analysis) and categorises the phys‘io!ogicai_ event data into categories as
recognised by medical physicians in the determination of a patients respiratory
disorder or sleep disorder diagnosis.

25 This categorisation can include recognition of an apnea event. The latter is
typically recognised by a lapse in breathing during a “patient's sleep state” for a
period greater than 10 seconds. In the context of the present invention this could
be recognised by detection of snoring sounds punctuated by relative breathing
silence for 10 seconds or greater. This type of analysis and categorisation can

30 provide a means of presenting a snoring index or number of snores per hour.

The number of snores per hour is recognised by the medical user of the



typically recognised by a |apse in breathing during a "patient's sleep
state" for a period greater than 10 seconds. In the context of the
present MRBMH%Sn this coul d be recogni sed by det ect PEAEP7/RMH i ng
sounds punctuated by rel ative breat hi 18- silence for 10 seconds or
greater . Thi tyagsﬁ of . anal Sif‘s a’cﬂd categorisati on can 30 provi de a nmeans
of presBRPRIAUS Eh8ER W§'9 rNRuRBERNT e g fem Rhstructive Skepp nunber
of snor apneafoPeEmpfe. " €cogni sed by the nedical user of the VO
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- 18- apparatus as an indicator that the patient is suffering from

Qbstructj ve Sl ee n for exampl e. . By .conparing the patient's
current bé(nao'@e?ﬁf'aatth?i BQ{? %CBW’['%% apd eqntexufiedhe C@tex"s@ﬁﬁgeafmﬂ&f’cfude and

fremlen h t | S racherd sti,.6s) 5
apl ¢ ugeu il S RAde Hnd ReBlENGE Wiy Rpc R oPRGS 3bUAT chagasteRBHd
char act eound ngmplitudeuandrfeequency dhammctEistics agitiirthe ereférepeef dagt basge of
patient' .respirator sorder i s possible. Commpn, but often

[ ' 3/ di d ' i bl b f ,
under - dFE@%@&F’QHé’&’ igus breathing, disprders, st apuralgncigasifieation of ratiestsi vel y
wth a g4 t:aty~QR: td‘&.n t, ' I Lng the
sound aﬁéé ysa? %ﬁyf%igglz%gclté dv?/%ggg'ng asﬂr@gmbgﬁ %Zt%ﬂ ur{d@éﬁd;é%@c?seeﬁy g%ﬂ}:&%’% gst hma

or ast hsaclraseasthifeean e détectezk effptitvely aithba simple rpreseitatibaed the a
pre:-stored set of paraneters which represent typical . characteristics
expttt e BTSRREN IRventionAhgliawiga dheisougstanalysis taidetact whaezing as coufthbezi ng
par anet s giet ) b L.ca di oIS ' 1

Corpar | Spgersiste Bf Helfilabr dstidha™bnBlt ! ¥hipediy 10F ERRLHE, San e ne
si gnal charactdrizesictyy | &t presstoredn setr aofgPapdmeteps Cahidhareprisare typisala

sanple of respiratory di sorders, assists the apparatus of the present
i nvent i 8{13 ?%f%\‘r‘?d%xﬂﬁﬂt%q‘( VRN a whegzing sianal ds detesiedof Thasenbiaicalf

respira j  t alpe:1 i S - equi mnj tering
(ot n PRz PaLahects he uBIPRined W Siffeal sudifly’ THE IR 58 one
chatihel Fomparing aStwarentyasmitored tpatiehtisigrizd nehafracteriéds pgthetisdh spidient ' s
br eat hi ngac cle wwth a data base of patient breathing characteristics.

Thi s daf idics Jrmedirage of typigal pafagetars Femai samplgyofvtespiratangd from
! =t . | " e . T
Phar act AP déls, St the UopBlugmir (il BresBnt ilentibfitiuBiolidd QuiiPunk e

conpar i aoccurate detection ehta pambentof yebpieatopn disordetsanith irhintRal BRamedler i stics
with a known d?ta base ,of characteristics and associ ated di sorders nmay

assi st feAuired foj-mepiprngi(igginoties mast (qpanpan i implergentadiap rofnBAGFRRS.dars. For

exapp! esinhbletiRrophondPdid _i's wheezing, the frequency and anplitude
characteriéti csr%ﬁ‘ qtnhi S ds'@%qd 30 analysis is likely to match with the

ref erence data base for a diagnostic cl assification of wheezing, which

t oget her vvish ot her B\atient‘ states may lead to . .
Step 7 also e function of comparing each patient's breathing cycle with a

data base of patient breathing characteristics. This data-base of breathing

~ characteristics which may be derived from prior clinical studies, allows matching

25 of frequency and amplitude characteristics of various breathing disorders. In this
way a comparison of the current patient’s frequency and amplitude characteristics

with a known data base of characteristics and associated disorders may assist in
accurate diagnosis of the patient's breathing disorders. For example, if the
patient is wheezing, the frequency and amplitude characteristics of this sound

30 analysis is likely to match with the reference data base for a diagnostic
classification of wheezing, which together with other patient states may lead to

the diagnosis of asthma. This diagnosis may lead to the delivery of ventilum.



the diagnosis of asthma. This diagnosis may lead to the delivery of
ventilum WO 98/ 50095
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out put state or event in this case cod be high | evel wheezing. In this
exanpl e_pf wheezi RACFSS coul d be replgced with a ventilumdelivery

devi ce The olpuf piste cigBYEN B HferreseThRIE RS il 1¢e! WhGesipg alf 8557 he
pat | ent e2smbfieor wheelREHRACK S E5RA el Repftriit? HlvddifuACRIRLHF sVieRt om of

wheezi ng mani fests as a precise and accurate net
del i ver aagthehteanthack uelemeni nilihe bapplication hdfghéntilums pwrtke vpatierdaasehe of

wheezi ng-rel at ed ast hma. The ventilumtrack al gorithm coul.d, for
exanpl e'Q§ a&“t Ement Jei ?,amé)%ft“?h%cousm font L??)‘ghﬁ%?@ﬁs@aa‘feﬁécr ease

ventgl u V.2 Iy L |-Sfal ikt i Wien ' : . The
opt i S S SPrediSl 478 ASrA, msiad of oRiclingE e abag,S Biffntn Tk
di agnoshighiyw esponsivesegatinenk ofiwheebing-refated bathema.di agnosti c ref erence

by the supervising nmedical practitioner). Various values for ventilum
delivery could therefore be determned in this way having regard to

each patd : e@&nﬂ# 1 : ep 8
repr esen ?n%e'@ié'%{éﬁt{%'i ?‘ggpﬂﬁ{ﬁparz‘i 'l?%rféé&gépé?e%{’h% ﬂr‘r%'n%;g'ltégpgdnge%rﬂf tﬁ%pe (ie
snor i ngapphegasndncrepseadr duceedsd i ventiew edelivény afo dhei patleftanchtiithle, fl ash
di sk _or 20 other pernmanent or sem -per,manent s.i ora Thi s

funt®i oWhesging-stte ma&#sb‘itaaminaémn\tﬁl\é% oA pesrdi Ltmﬁéﬁytﬁéfgbu@ then be

configu P : Al aRer o] k<

capabi | oY hio 8 Yialindk ERT SER IS LB E o EtaF A EBhodtcC it EiRnce

appar at by. thé sepemising rhddisalr practiionelt aValibos\waluesférdaghiionpdeliveryt ype of
I nformati on nonitored by the apparatus and, al so al|l ows the appar atus
to i ndi €8vld therefpee hecietamaineddn dhighuay daxingsregerd to each patiept state@ius t he

user of can validate the detection algorithnms and

processPh%ﬁgg%é%ﬁgﬁty of the apparatus, which is an inportant factor in the

use1bf the apparatus for providing reliable patient diagnosis. 30
STEP 8

Step 8 represents a capability of apparatus to store the monitored event type (ie
snoring, wheezing, apnea), event time, event duratii__)n into hard disk, flash disk or

20 other permanent or semi-permanent storage type.

This function may be optional because as noted above the apparatus can be
configured with no or minimal permanent or semi-permanent storage capabilities
in order to reduce the manufacturing cost of the apparatus. A review of this raw

25 data allows a validation of the type of information monitored by the apparatus and
also allows the apparatus to indicate to the user Where and what events were
detected. Thus the user of the system can validate the detection algorithms and
processing capability of the apparatus, which is an important factor in the use of
the apparatus for providing reliable patient diagnosis.

30
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- 20 - STEP 9 Step 9 represents the systems RAM or ot her

per manenW&%30885e facility which can be used to st orECIVANITGUES
processing requirenents of the apparafgus, together 5 wth mninal data

storage . .rements such tenporary storage of tertiary anal ysi s

resul tsS nﬁorary storage can be suitable for the purpose of providing

to the user of the apparatus, a neans of having a sunmary of the patient
di agnosis. This diagnosis in the sinplest formcould be, for exanple, a

snoringStep 9 represefistthessiaten’spRAMI@H otherl fermanent Htbral@ facility whiieP 10
provides "Stop Record"” node. This is achieved by detecting whether the

syst em G88 B¢ vsed {p siase yapgHs Precessingpreauirementsohthe apparaius, éogdther been 15

sel egt eq,;H0r or, t p r.h been switched off.
STEpgllq"tfh m,ﬂf@?;egaﬁ%éﬁ%fget E%q%ﬁ'é%& el tefipalEYs staiege & Ao s f

sel ecti analysis resuits. Tempdrary $toRfye can beAuithB bk #0S POTFRESH FboRinY th
operation of Block 3 (respiratory acoustic cancel I'ati on feedback servo

syst em {0 pAFUser of, the Apparatiss omeans of faving gngummary 4¢f the tpatiest er ence

nssoct atEpratt  His.HRghasys HARE sigipilsG R L8l 3B, 3or SRR B enomR syt em
start windgx (eguknories pepdioar)ed by sel ecting power on, the

pre-programm ng of a particular start-tine, by applying power to the 30
appafatus or alternatively by renote start conmmand.

STEP 10

Step 10 provides "Stop Record” mode. This is achieved by detecting whether the
system has a valid pre-programmed stop time, whether the system has been
15 selected for off or whether the system power has been switched off.

STEP 11

Step 11 ends the process and foliows step 10 system off selection.

20 * * *-

A flow diagram associated with operation of Block 3 (respiratory acoustic
cancellation feedback servo system - RACFSS) in Fig. 2 is shown in Figs. 4 and
4A. With reference to Figs. 4 and 4A, the following is a description of the steps
associated with Block 3.

25
STEP 1

Step 1 represents the system start which could be operated by selecting power
on, the pre-programming of a particular start-time, by applying power to the
30 apparatus or alternatively by remote start command.
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Step 1 r &R &S the function of the device which det ect BCVANIHEY3 &M

user's sel ection of therapeutic2mde. The selection of therapeutic

node is '?nal and 5 allows the systemto provide control for a gas

del i ver% ce, while at the sane time providing detection and

nonitoring of respiratory disorders. The therapeutic function may not

be required where the apparatus is to be used as an indicator of

snor i ng S4ep ahrieprasentsnthd funstioneefuthee devicerwhichedetpgtar thieusystent asées used

for the ._pur.pose of .noniforing spund ile at the same tinme providing

gas del ﬁsmogcﬂﬁﬁ%ﬁapfﬂhc mqq[%' SJPH% s?%ﬁ%%é‘??fép‘é%qusﬂﬁ&Pt'eaﬁ Hdities

of the apn S wH; tahncl udi ng

m cr ophong@i&?\tgﬁfs yg?trg.to ‘Pﬁ%ﬁ?ﬁpﬁ{] trglaftogai %ﬁgemﬁ?fgeﬁg’ gdymgcég&itg%%g] €?he

pri mary timeeproviding detectioararicampnitosing of respititoryidisstders. The théapéltiov

di agramfof figure 3’t .%‘%t i S qucessar t_o-dggerm’ ne whet her an_event

such as "UNSIANTREK L0 DG TRANIERA Where the appajajus is 13 begised ananindiaater 0t (o

oper at e shBrifgerapnBBdfut willild be reqliféd tWhere the apddiBis igﬁﬁ'b@%mtrlﬂ‘?% a

respiratory event or the start of a respiratory event is detected. The

appar at srpwse opmepiiering sewid while at theksame tisieypedviding gias uediveryt axtted 25
event in, otder duce a control signal

f ' . |
f:‘)? ﬁehﬁﬁ&hégﬁg%%ﬁlﬁcwg?mrbﬁ?é%’ﬁéﬁg‘%ttﬁ%té‘(ﬁegh?‘é?-i on by way of gas

delivery. STEP 5 30 Step 5 produces the control signal for the
pur pose of providing an appropriate base | evel pressure and nodul at ed
pressur &TEP 3 WO 98/ 50095

PCT/ AU97/ 00278

Step 3 analyses input data including microphone input data. The input data is
15 analysed by reviewing the primary, secondary and tertiary results as detailed in
the flow diagram of figure 3.

It is necessary to determine whether an event such as snoring has commenced in
order to prepare the apparatus to operate in RACFSS mode.
20

STEP 4

Step 4 decides whether a respiratory event or the start of a respiratory event is
detected. The apparatus will prepare itself to track the signal amplitude detected
25 from a respiratory event in order to be able to produce a control signal for the

purpose of physiological event cancellation by way of gas delivery.

STEP §

30 Step 5 produces the control signal for the purpose of providing an appropriate

base level pressure and modulated pressure.



-22 - This control signal contains both a base |evel or |ow frequency

pressure or airflow control and a hi gher frequency nodul ated pressure
or airfl WPy . The apparatus produces the contrBETAUgTeI278 Or
controlling an exter nal devi ce. -#Mternatively the apparatus could be’

I ntegrated into |ve deyi ce mhlch 5 provi des the capability to
regul at e go%ﬁr‘élssé%?% °(9|" ans ;JE s§ levalof law fregiieneipressure of Bg‘ﬂws al or

full masgghtrol and a hiYne pﬁ’é‘cﬁéﬂc?l ﬁ‘%u'ié%édcﬁl% BGres bmélﬂ‘fog\} 358{‘&%?23?% and

opposite in phase to gl nal acous IC wavesS a t he

m cr oph@pparathe aptpihmﬂsuﬂhes houhtcbll s(gndhafot sohtroling nhn PeREREAI MevicRabi ity
to prod r flo nodul ation together with a

base pr gﬁ%?%ﬁ‘fsqﬁ\?ﬁf%%bhg'@?&%%gﬁﬁ %ﬂ?tﬁﬂﬁ?@)l'@@l 2 §ps dellvee«/gﬁwgesmnh as
Snor 519 dibiibied 1 BagASTf' g%agastiggpbtrgggh%e{)hs.m S agtlse‘glﬁ fadhask O

nasal mask). It 1s desi le“to I very

pati ent (@tnasai or fulhmaskum i n order to mninise the di scomc ort to the
patient and also to mnimse 15 side effects fromtherapeutic intervention
by way of gas delivery. The apparatus of the present invention is

appl | oot gk |birof o Yl Bffar I huency, At BeE in bRasdo the 1 ng
t he bas @ngrr@ acoustie Wavesyag detectedrbyﬁhéhﬁncﬁ@phﬁﬂmeﬂthéOéMrdMsl o8
nt's vibrating upper palette), the

snor, | sodﬁ S_lglue to the patj @
appa atu ﬁ'a?u icie é’dﬁ??/sséf‘%r"@eﬁg ta i urfeddee dbﬁo@PP@Slﬁmsﬁoamlﬁmﬁd
pressur ‘Pnédhléﬁ@rp'ﬂ) StRef th ab bas‘@ Br&duRg i RGEr Pc?lc%é%ll 8&;@11%19 § rat S can

provi de the conbln tion pressur e and
vavef or myebis sudh as sngnmmwﬁlara lmmaium pnéssof@lyphed to the ﬁd’ti@ﬁtlgé By wapt i nuous

| ow w f del - h 2 f
Ol cosur ! nEanY Aol s sesthlinis befatae elian of areshie do dhe patienbats <
pr essur niffm@hn'i hl&weﬁt@namé@mé a)ecsﬂﬂ&mg%g prﬁlﬂe#) ﬁg{ga' esg@@nﬁgggpg t eﬁt

sanme tinme the apparatus nay provi
gas18lel iside gffects from mapaﬂmntelvgamf bpmysﬂges(d%ﬁve CMH20 to 3 CMH20
range) with variation of rate of pressure or air | ow change from say
.5 cycles per second to say 1000 30 cycles per second. The apparatus of

the pre t | e f s delivery,

bei ng Cgﬁ‘ltél a’r‘l ougﬂ%n%%eeé @95@@?& %glq%dﬁjﬂgtébgmo %m&;’i‘% %ns@r\'%r m t he
| att er teop baffent oni theel applicatiors csff patldmta@bsadéh\(eiym By rh@d@!hﬁr&g_ and
WD 98/ 50 / AU97/ 00278

23 - 00"38%9 the baze aressure seliervataaminimizridhe seupd meniiered dudng he | ow
freggenghofng e nsod@@’(&h@‘t@ﬂ%e Baferfie! \hl}{n%\”t/uég%%;?} @E‘%%g \}f\gergp?)aﬁéﬁéjﬁé%onal

respiratory ventilator or air | e of
t he nman@pply a preciske amoant b oppssitaphase md@lhlatéﬂ predyate id Sabibse tRsli fi ed

In accog cLra r?g V{”thprc]—:‘rtrt1 eIe .i L}%eplaggar%ttusf té%np{)'%%ledrg the combination of base
pressure and modulated pressure waveforms by utilising conventional technology

to produce a continuous or slowly varying (low frequency) gas delivery - such as a

25 range of pressure (say 0 CMH20 to 20 CMH20 range) with variation of rate of
pressure or airflow change from say continuous to 10 cycles per second. At the

same time the apparatus may provide a higher frequency modulated gas delivery

- such as a range of pressure (say 0 CMH20 to 3 CMH20 range) with variation of

rate of pressure or airflow change from say .5 cycles per second to say 1000

30 cycles per second. The apparatus of the present invention may provide these
two forms of gas delivery, being continuous and higher frequency gas modulation.

In one form the latter may be provided by means of a diaphragm (similar to the



5 invention is described belowwth reference to Fig. 5. STEP 6

H gh freguenc ressure rate changes and | ow frequency base pressure
changes %%nge continuously checked by the system con??WUgﬁo‘)&%? not to
exceed pre- programmed patient -2Fety limts. These pressure limts

may be f,two t.hods:; 1 System
co%t rol gﬁ@%ﬁfﬁﬂﬁ e %fn%ﬁ%%ﬁ?q%g‘i%‘y%‘sﬁstﬂ giogy t?r% Gl 'ow gﬁqugnf:y ot
cont r ol contimudusf gasmiélhverg pbtzmais i arconVentidn XeSAehtofAtitidat beat
l[imts. The apparatus may nonitor gas delivery'to the patient by

15 2 el i v : !
way of ae'lvew)blower dpyiess Pre sxampie| dfithe anamneri intwhichce ¢ontinydus gasi ent s

breat hi aay e stem may be mbdhi&d iiG AnRE wh Yordicides SPHN piidaged to
t he pati &t POAL hi rxg , FoW ﬁrﬂ 4 ® Pfﬁs&ﬁ‘_ airflow
or B eshiventionys Hesdribed BsloWwith reference tolFig mpPparatus to fall within safe
patient limts as reprogrammed by the 20 system or the system user

(supervising nedical practitioner). STEP 7 . Step 7 functions
to corrgq-%l,agy excessive pressure or airflow nodulation to 25 remain
wWithin Safe patient limts. STEP 8 Step 8 conpares m crophone
signal's current data with the mcrophone signal's 30 previous data and
determ nes through processes of conparing alignnent and subtraction,
whet her High fregueacy pessurecraie gshgeges apd iew ifieguenny bhse pressure isbanges

ggﬁ(é/ gf ﬁ'%rf be ' MnthGBB5 1 ke S the E8fen Sé:on{rtsal §8%SMHEE e Ejgérséyr ©
CLAI M5 programmed patient safety limits. These pressure limits may be detected and
checked by way of two methods;
1) System control may limit the amount of base pressure and modulation
control output from the system in order to not exceed preset patient limits.

15 2) The apparatus may monitor gas delivery to the patient by way of a
pressure or airflow sensor interfaced to the patients breathing. This
interface can be by way of a sensor attached to the patient's breathing
mask, for example. The monitored airflow or pressure may be limited by
the apparatus to fall within safe patient limits as reprogrammed by the

20 system or the system user (supervising medical practitioner).

STEP 7

Step 7 functions to correct any excessive pressure or airflow modulation to
25 remain within safe patient limits.

STEP 8

Step 8 compares microphone signal’s current data with the microphone signal's
30 previous data and determines through processes of comparing alignment and
subtraction, whether activated pressure changes are having an effect on the

amplitude of the respiratory event. That is, is the effect of pressure activation



1. Apparatus for controlling gas delivery to a patient, said delivery
bei ng adapted to maintain effective respiratory function, said
appar at u¥'Q 0% ng: 5 means for nonitoring one BCTAMN®00278
physi ol ogi cal variables associated _294. wth said patient including

br eat hi 28 airfl ow, an%or sound; | _means for deriving fromsaid
one or RORRIS fFAUSHI%Ne fa¥ent JBERERATY gyeat (ie snoring soundbty reduce in -

. . h . . ; . d t . . f )
2 daProolicbias Angabid" bl o Birease n ghe amelBRBof e FRubenpena? | O

det er i oReférencemaybd heiddbehe WxamplawaskfbrorsHoWSRUFigures 1A tyafFue i ncl udes
a nodul ated conponent that is of opposite acoustic phase to sai d

pati ent breathing and/ or sound. 2. Apparatus according to claim1
whergi ngygdpigdet er mi ni ng neans includes 15 an algorithm adapted to
generate a gas pressure signal which is substantially 180[err] out of
phase relative to the phase of 'said patient breathing and/or sound.

3. Appar at us accor di n‘g to claim1l or 2 wherein said nodul ated conponent

i s adap 1% detefmaipes AVhethep ressurepprgiriow; ehange metivation Jedugtheal at e.

20 : di 3 t he preceding clains

wher ei negfg?td()ftﬁgnééggésﬁpr ess&,ri'grl:g)zﬁtsﬁserﬂ:?%g%%gg&ea substantially conti nuous

conponent and/or a conponent whi ch changes relatively slowy when
Appar at us

co reﬂ. to said rm';eiul,at ed . conponent. 25 5. i
accd? di nfe: Bupeseorkthis ster ipriecdeterying whetheiher aoh thai application of a

physi ol ggi ' Sal (o) s i . at ,
sl o Coafdy ofHreScled ad G, @ ¥ie Joatti s Hiredf rBRR S0, rpiRibadRE
accor di sgmptoraspf tieepafientisaeppiester; digorderi s wherein at | east one of
said neans for deriving and said nmeans for determining is provided via
digital processing neans.
27 STEP 1gAPparatus according to any one of the preceding clains
wherein said deriving nmeans includes an al gorithm

15

Has system “Stop Record” mode or has system pre-programmed stop time been
selected or has system power been interrdpted or switched off ?

STEP 11
20

Step 11 ends the process and foliows step 10 system off selection.

* * *

Fig. 5 shows one example whereby a continuous gas delivery system can be
modified in accordance with the principles of the present invention. Modification
25 is by means of a T section element 50 inserted into the supply of base or
continuous pressure or airflow 51 associated with the system. The modification
comprises an air pressure modulator 52 (refer module 6 in Fig. 1) placed in
communication with the leg of T section element 50 such that air pressure
changes produced by modulator 52 are impressed upon the base or continuous
30 pressure or airflow 51 to form a composite pressure/air flow 53. Co'mposite flow
53 comprises a combinaﬁbn of base pressure 51 and modulated pressure/airflow

produced via modulator 52. The air préssure changes impressed via modulator



8. = Apparatus according to any one of the preceding clains wherein said

5 derivin% neans i ncl udes neans for évaluating sleep and/or arousal

states. WOP8/S00959 Apparatus according to any one of tHETHETAERg cl ains
wherein said deriving nmeans ifngbudes neans for detecting mcro

ol oivaley are gpherdly of APRBLHNMRIRTIGRS Bealehd e thdiads frdl UREY e

respi r gdrolcEy BYtSe continuous désdel%?ﬁé%tém according to any one of the
preceding clains including a gas delivery means for delivering gas to

said patient in accordance with said 15 determ ned gas pressure.

12. di I 1 wh d
et uad ot oFEtS e Wheleol gt Yo BBl “BRaRRalvE WML 10
whesei rhd‘tﬂ!l&\ég?ﬁ;ayjﬁb' %%Mué@ﬁriﬁto the cbﬁﬁf&tﬁi@ﬁs%@%@b&éﬁt@r&fdﬁ% such

as a | oudspeaker “driver. Apparatus according to any one of the
pr ecedi prnglualyrmesqnlbeddvlﬁ@utrdapsmng fromdhe @plirit we amit of the dgventom. as
ventilumto said patient. 25 15. A nethod for controlling gas
delivery to a patient, said delivery being adapted to nmaintain
effective respiratory function, said nmethod including the steps of:
noni toring one or nore physiol ogical variables associated with said 30
patient including breathing airflow and/ or sound, deriving from
said one or nore variables, data representing a respiratory state
associated wth said patient; and determning fromsaid data, a
gas pressure value which substantially prevents a deterioration in
said state, wherein said gas pressure val ue includes

28 '
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a nodul at ed corrponenanmjlll mlm wpposi te acoustic phase to said patient -

br eat hi ng and/ or sou 6. A nmethod according to claim15
wherei n 8 W/W¥Serni nfng step includes 5 an al gorit hreGuisys7ad218o )
generate a gas pressure signal whichogs substantially 180[ err] out of
phase rﬂﬁmﬁe to the phase of said patient breathing and/ or sound.

17. A according to claim 15 or 16 wherein said nodul ated
conponent is adapted to acoustically cancel vibration in the patient's -
upper 10 -pal ate. 18. A nethod according to any one of clains 15

to 17 wher ei Apparafugdoer controlling egas!idelivedyuts ianphtistats saic Wakvant baingy

conti nuoys cg onent .and/or a conponent whi ch changes rél atively

sl owl ywﬁw dRpARIBtRIR gifeclive resaliatenetincon cenighéppatatus including:19. A net hod

accagy di ng ton%@%, wol-al 1 i L: hysi ol.ogi cal

var %bl es inclu gofgﬁgf%rrlt%hg ;8%1 of rb%%r%%gyg@o@h%é&?hgglgﬁ,awgﬁ(%é with

f unct i osaidnditient;pat i ent position. 20 20. A nethod for controlling

gas delivery to aefpatie_nj[, sai d gas delivery bej n%&j ' adapted to

mai nt ai n ef f EOENSSOF 8epvingt foe said aneoar mase vaneblesd data: repriesgnting a

noni t or Lg: : ' | .variaple of a patient, to provide
td3Pird rk%f’n%t%.a%%gm&g?fﬁcﬁtﬁéﬁ a%n

nmonitoring In on repres east one physi ol ogi cal

vari abl e, 25meankefwi detdimirdhg | st saff dHiy Sizolgagi prdssvrs | i€ Whiche! ect ed
fromthe rougo consisting of: breathing airflow, respiratory effort,
and%r eS{¥5tAQUAlY RIgvents a deteridrationdn §gid $tateroni t ori ng i nformation to derive

dat a represepli r af 0 : t f th atient. corresponding to
t he at 'eastﬂghg&g ys%%g%ﬁéaf&lvcé?'%bfe‘;%&eﬂ" said &’y' ?Wﬁa H’é‘”ﬁgéé to
gener at inchudedneatiing aifial andrst s3dind: using the control signal to

control _delivery of a gas to the patient, wherein  said control signal

i ncl uded: a nﬁﬂﬂ?@f@‘d a@@Wﬁtﬂﬂe’m claia 2iwhetpis saifl deteminingl means inciqaesent to

gfe[ ﬁtee%lztaﬁgc?]rtitﬂm LUEPedTfY hEfefte GPRGE! prébQia! $ighal' Which gpgl%stantiallypalzgt ©
15 180° out of phase relative to the phase of said patient breathing and/or sound.

4. Apparatus according to claim 2 wherein said gas pressure value includes a
modulated component. |

5. Apparatus according to claim 4 wherein said modulated component is of
opposite acoustic phase to said patient breathing and/or sound.

20 6. Apparatus according to claim 4 or 5 wherein said modulated component is
adapted to acoustically cancell vibration in the patient’s upper palette.

7. Apparatus according to any one of claims 4 to 6 wherein said gas pressure
value includes a substantially continuous component and/or a component which
changes relatively slowly when compared to said modulated component.

25 8. Apparatus according to any one of the preceding claims wherein said
physiological variables include one or more of brainwaves, heart beat, muscle
function and/or patient position.

0. Apparatus according to any one of the preceding claims wherein at least
one of said means for deriving and said means for determining is provided via

30 digital processing means.

10.  Apparatus according to any one of the preceding claims wherein said

deriving means includes an algorithm.
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21. The net hod aEhéSSﬁeetHa peen R lac%) further including nonitoring a
physi ol ogi cal _vari aq ugﬂl BE om t'he group consisting of : ,bral n waves,
eye- WS %ﬁ?g?'ﬁent scle function, and pati BRT/A8ER27HN.

5 22. The nmethod according to clai 721 wherein said using the data to

eneratgqa C i . usi ng,an al rLth .and t he .contr ol

gl gnal ﬁg ﬁBbEPAtggt%{n&t%}rddhgﬁ %@f g %‘? "&‘?l efedn (3ald dat a

r epr esedetivigganegseinciidesymeans forgvaliiting slé‘éb ardor ardigals f%@éj according to
claim 20 _or 21 wherein said nodul at ed conponent 1s substantially

180[ er r [12out A@papatageaqcercan%vt@ @@ytﬁﬂi\g ahthe peesesding |c]Eagm|a wherezn%rimmlzgat ory
{ tdi.ng to_any one of clains 0

\7\;12'; :I ndE”"'Bgch%?ﬁ’s ]n-gq.giersmgpaﬁrﬁfi r?%t%@g @'céﬁﬁgq“éﬁf%al l'y continuous

conp®nens, ApparatuBEaccoHﬁg Bt AR opecer ﬂ’ié‘%rédée%m %’b‘?mgf whbAi to 24

wherein said using the control signal to co Ilvery a gas to
t he pat d@ﬁwngdngan%mlud@asnn@afor detectipgsredpiratonr gvattsi ce to provi de the

9o Tndliel AbnSiktu8 AsPafitag 1 ADY Sine of P ii2ieedo 5% invircing: 2 s8s cont r ol
SIQnaI ey rrﬁé&ﬁbuﬁ&sdéﬂvéﬁ'@ igaRnad SHAPRARSHL ﬁﬁ'a%bﬁ%rfc{eowmesa% oup

consistin : a substantially continuous conmponent a conponent that
25 chaﬁggegwwiagas/erqssyre;vm y when corrpar ed to said nod\lljvlhat ed conpgnent
27 ord n n one f clains 3 wherein said using
t he! ont g‘ipﬁﬁ Uy @cggrrqﬁr}%foé Vthe"& Sﬁﬁég?% dﬁﬁ\éerﬁaﬂ"?@ﬂ% iNGHER i ses
causi nga 3as presS@e idld very device to provide the gas to the patient at a
varyi ng gom tive 30 pressure. 28. A method for controlling gas

del i ver §6t o Appatdtemaccerding gadamRI1ﬂm%rebesalg gas deligdppinednt dndiades ai n

effecti gﬁ ac%ﬁgflc rta% uc]:cel#%%tc as a FéudsnglEerO&jnvl pel udi ng-

17. Apparatus according to any one of the preceedlng claims including means

15  for delivering a drug such as ventilum to said patient.
18.  Apparatus for cdntrolling drug delivery to a patient, said delivery being
adapted to maintain effective respiratory function, said apparatus including:
means for monitoring one or more physiological variables associated with
said patient;
20 means for deriving from said one or more variables, data representing a
respiratory state associated with said patient; and
means for determining frorﬁ said data, a drug quantity which substantially
prevents a deterioration in said state. _
19. Apparatus according to claim 18 wherein said physiological variables
25 include breathing airflow and/or sound.
20.  Apparatus according to claim 18 or 19 wherein said drug includes ventilum.
21. A method for controlling gas delivery to a patient, said delivery being
adapted to maintain effective respiratory function, said method including the steps
of: |
30 monitoring one or more phys_iological variables associated with said
patient;

A



30 nonitoring at |east one physiol ogical variable of a
patient, to provide nonitoring information representing the at | east
one physwe9%§8al vari abl e; usi ng the noni t BETMAGP/AG268 mat i on
to derive data representing a respirggory state of the patient
correspondi to the at | east one physiol ogical variable; 5 usi ng
the data to cg@wmgatfr@nasat%@worgn@rﬁavarﬁms idata UapEesenting @ Eesairatory

compon usi ng the nodul at ed conponent
of theeéc%tne[%o ﬁﬂe& ﬁféﬂ%gghgn% and positive pressure.of a gas while
delivering tdl&tegﬁmmgn frdme $xitli daty; aargés pressure value ughioll Substamtidlly! at ed

conponent to operate a gas delivery device to 10 cancel vibration in an
upper p%ﬂeé{P@S(ﬂdﬂ%'oﬁ%tiqu‘ﬁtsa’d state.. 29. The nethod of claim 28 wherein

sal % m)fié” athm% %Brdeﬁ%nt[o ﬁlalrﬁu?§t\%ﬂé}e[?rh)lgai&8&hfsr'5l{)%?gf v%giaBQ s€ 30.

relativeé'to the a repr espira

Appar atm&[uﬂgrbrggmmg)birﬂm agafor(bzﬂunuery to a patient substantiall y as herein
described with reference to the_ acconpanyi ng draw ngs.

met hod #3r cAmoetbrpiargogding derclaimd? w e@lrpaeﬁdedﬁtemnytgaﬁepan@ydag anerAe| n 20
descri bad M JShRILHS GehQratd'a §5CRMRANN BFndl AMAAIR: substantially 180°

out of phase relative to the phase of said patient breathing and/or sound.
10 24, A method according to claim 22 wherein said gas pressure value includes
a modulated component.
25. A method according to claim 24 wherein said modulated component is of
opposite acoustic phase to said patient breathing and/or sound.
26. A method according to claim 24 or 25 wherein said modulated component
15 is adapted to acoustically cancell vibration in the patient's upper palette.
27. A method according to any one of the preceding claims wherein said gas
pressure value include a substantially continuous component.
28. A method according to ahy one of claims 21 to 27 whérein said
physiological variables include one or more of brainwaves, heart beat, muscle
20 function and/or patient position. |
29. Apparatus for controlling gas delivery to a patient substantially as herein
described with reference to the accompanying drawings.
30. A method for controlling gas delivery to a patient substantially as herein

described with reference to the accompanying drawings.
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