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WO 2004/ 032719 PCT/ US2003/ 032170 Method and Appar at us

for Maintaining and Monitoring Sleep Quality During
wabenagzws i c Treatnments Field of the |nventi oPCT/US2003/032170

Generally, the invention relates to the field of

t herapeutic treatnents. More 5 specifically, the

invention relates to a nmethod and apparatus for

del i ver iM@nbdahaiiartusfoeRaidaifing and Morfitdring/ t hout

adversel y aﬁe@ﬁ%ﬂ&ﬁtﬁ bﬁ}ﬁlgﬁlﬁ?g%elﬁﬁcﬁﬁﬁﬁﬂéﬂis of the

I nvention Many therapeutiC treatnents are adm ni stered

Field bPuR 18%EAt While they are sleeping or are
_"‘Erﬁ.fl’rm‘#ﬁg_to fall asleep. Wile these treatnents may

achieve their intended result, they 10 also often
s©¢nerally, thef dventiore rglatesi toy the fisldeay thempeutiee typatments.  More

.get,s il e undergaing these treatnent These . . .
specifiFl, 1 SelifPe FR o 4 BTt SRk ApaiRg 05 Mljrering therapeutic
treatmRhi396 PaSdnE withous h@Ridsely Sfietsing thdir igepl ent  ar ousal s.

Wi |l e these arousals do not result in the awakeni ng of
the patient, they often pull patients from deeper
Backgroynd of the mvemtion 3] ity states of sleep. Patients
often do not reenter these deeper stages of sleep for
aMAly FhdrifduYic R A 8 hdRfinibteRR- to bopatienSRARe they are sleeping or
i nstances, a therapeutic treatnent may cause nuferous
are atamptisgits fallTasiesp. fWhidgthessstredtmentamayrachisve thedpinganded result, they

aso RGPt DB Gl PR 5 AR R ns s

treatrlefBU| ThedeNtrEMARAGT dftend aitérnip? the GRABEMES Bormal prdgrdsslon of sleep,
turn, is a direct _contributor to marl%_acc:l dents, tg a .
causingeransignt grausalsngVbile thesarpusals dageat sesulrin thevakening of the patient,

[ r . St

ey AR ALY GRS 0L NS SR BE s oen o
not re€iftersthesg debpsee Btabesofbstp dor oreldtivelynlohgipericdoafitimat  of

sl eep disorders. Continuous Positive Air Pressure

(;%PAF% treatnents are a. pri rraré remedy for a nunber :

of? $P@E NSRS 8 herapeiica FeaMERt, MaY, eAse RIS, Aokl This
fragmeMethd YatidPAR e’ SR PRMUrs GRNFAtRIt Font BdacNBEI tAY dReper stages of

constant positive airway streamof air presSure into a
sleep.p Studaest haveahowaythatufragrgerged eloep meswitslan exceskizeplaytime sleepiness.

o, '8 2 SN BEAD EPRSEEReHB b APkl ing of tenarey,
deteridrdtion bf édgaltiveNpdrfirmaddd AR d/sreddytinRSleepitidds) itbtht patidry.
adj ust the pressure of the delivered air in order to
accommodate a patient's respitator%)eg_attern= -1 WD
26g crample of Hrerangaho tsatompis rausing sledporagpeniationds g the greatment

of sleggg(ﬁs?t}f&@rs.i %%Fﬁl&?g g’r%gﬁlvé .ﬁi rﬁ@%u&aﬁf@p&e&tﬂ%nép% a primary

I nes. awback of curr
remedytfat e nafmbehef sledp difARenmoth aesleépsapineat hypopyeaanmd snoring. CPAP
su%ject.to %ffher . . . .
treatments consist of delivering a constant positive airway stream of air pressure into a
patient’s airway during sleep in order to keep the patient’s airway from collapsing upon itself.
State-of-the-art CPAP machines, often called auto-titration PAP (APAP) machines,
automatically adjust the pressure of the delivered air in order to accommodate a patient’s

respiratory pattern.
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fal se positives (such as when UAR and/or natural

irregul ar breathing events are not pre- enpted or do
woed4080uy , despite fal se detection of such anBPCT/US2003/032170

associ ated treatnent control 5 change) or false

negati ves (such as when genui ne upper airway

resi stance (UAR) and/or related events are pre-enpted

to the HapidOcHAREEH o Presdire il Qhe Pati@ftsesiriy caspd Iethet AIPM)t thachines.
treatment control change). This is due in part

to. the
Anotheredrpwheck effcurmgakdatpgétlienas ABAP machingsig that they are subj ect 1o cither
tio i y )
s AEEDER 4Rl L2 A ) BYG] B kO re ot
emptedingald sothgeonavédspitenfidye tétectARARS mﬂhambassﬁhuatedctmahahﬂocontrol

he d to current state of the 10 art gas del.iver
changg); 9fefalse; Begaiucs (Uelh e AYheR gepuine VPREE AHR@Y r&%?)f”&fé’sgb‘gﬁ and/or
related&¢h&85e R{?@h tedi Xr SocP B Se 2Bl daBL&I & @YPdnliBd® WA treatment
detect a apt t el r conputation detection
contro$ whénge).enThig is odysr & pamio uhc pligwiecof these prashibs lont the correct
. or ..onset likelihood r eat hi AR,, . .
interpr{ag 4 a0 I0a0IoRy ZALSBER AR Ran e PR GHEISEAR g inippretation of
the un&¢rB8Rs Addbfol bYahe APAPahhdine. THids chs Blisé Bt Ay to\@MRnOEtAle of the
varies periodically for reasons not always associ ated
art gawi@ln/ery[ rugsher treitmortcopeel sich ris pacarpakey slaviges) devices inability to

o1l r
enatid 5B AN EHEI LIRS E R Bl W LAE A Ryt e
empt @reditt the probabilitp as ones llkﬂllimedtozﬂshﬂlomhbnathmgl &J Alcarbasals, and
be. This is particularly evident where the inspiratory
or assqgaafed HeeR Hagmgation Qré[?ﬁh AuRlEY deleEorbienenpl oy an
underlying time-course conputational nethod. The tine-
CPHE ﬁﬁﬂﬁ&i BRHvaT ol arfiit RO dIcfI ¢ TSt felson® %ﬁﬁl‘\ﬂﬁgs @ssociated with
previ ous sequence of breaths (prestored 20 from
upper pmy oessstanceat Thentse of duspgatooy wawvefood aSﬁmypnmaryetm only means of

bre th| data) or t ent br eat
detect 3 PG ERG Sya St e bt Al Eiion thGiRinds FEf tken when
none SRARIMLR. OfThay @J%ﬂnc@larlﬁlee&wm fWiRgeRné ahdpatory Sedveform analysis
Excessively rapid or excessively insensitive pressure
technigiea doess nof employoatt updeahdng dineaeAusseCraprpyaiionahangthedsThe time-
[ \Y r
cours B R el TBhr TR E il Bhen s b Brosona

from ﬂ?yﬁm&tﬁknmaﬂoﬂ essieet ifsomh Yurrérit sﬂ@drﬁbl’eahlr@\(hth)tdn alie current
the primary cause of sl eep fragnentation is the rap 'fl
breathpqnés%omr@nélaath@ &angtiong e changes gnrandnicRgy Prastistprpysal or sleep
t t
roam IR LERRE, PR et it L' B PBngs oteo
occur avhen dni amtdePAB mdvhine taios Ito tc;brrbct amormdt miny'UdBt edlated lewent, or
misse O&g%bﬂg ghel ﬂr%'s%iggggyﬁaﬂp §ﬁﬁ1ﬂ>{€l§rep (g)lqezil ar Qﬁ&j respectively. It
is beliPRAShR the PhitdatPEhRE of Sebp ﬁhbﬂ&ﬂt@tﬁ’& Rfthd %x@&ewéﬁ&ges in the
in interpreting the wave form M sdiagnoSis of such
patienhairwayhgnodpeedbyehe ursent ASMR machinesi ncr eased UAR whi ch
in turn results in arousal and subsequent sl eep
fragnentati@n. - 0, 0 .
RO 08 5 RS R P PAOA A pctins e
limite® fxi thell dbylitgdaptcratelyi detest & onset or incidence of shallow breathing, mild

hypopnea, or UAR events. This limitation is also possibly attributed to limitations of the
machines in interpreting the wave form. Misdiagnosis of such mild hypopnea events results

in increased UAR which in turn results in arousal and subsequent sleep fragmentation.
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arousal s during therapy. Each patient's arousa
threshold is affected by varying paraneters, yet
w@ennest7ist at e of the art devices do not have BUEP$100%032170
control algorithnms that can adapt their treatnent
| evel s to acconmodate a nunber of these varying
paraneters. These varying 5 paraneters include (but
aCﬁrrBﬁﬂstdté-ﬁf tlﬁdartl tprapb@éndehices do ylo'somi’mail?' aﬁlbﬁt&? minimize
deprivation or sleep  propensit i 0 i ca
arousqudémgst erdRYc Bathpptieny’s ?raes{abﬂgeﬁ)ﬁﬁ@ 158 fﬁﬁﬂf gwararmg parameters,
yet cu}rbﬁ'q %Q ofﬁl)e a?ttd'egﬁzés 85 nodikyé Q&éfmv@ @éﬁﬁtfcﬁ '?J%)P{t) S {h%%a(ﬂ adapt their
I nc I ng tenperature; noise;
treatmenclevels tosauchnmwslamarrymt@r bﬁiﬂleshtﬂrying paamtmal ”ﬁhewe tvhrymg

pal'amg%?%lg\ﬁ]glaa% a u%@pggctjq_)% %8%2%%{8{&{1? el Ssl%er% CF Bﬁgt?qlgror sleep
propeﬁﬁ't? HINRRII68Eal FEANR AT Shd10gi €41 TAREYS 1ﬁdl'@dlﬁ%’@5ﬁt n6t KREOPES stress or

admnlsterlngtreatnentsto patle who are
anxiety] @upionmental fcwramchiding tegperatusd; sejse; lighting; v;hra@pg, factors such

as varRE Mool ARG o G eP g L e Blarousa

threshblde ahd®thers. O nlnlnlze arousal . Summary of the
I nvention 15 For the purposes of explanation only, the

plenweguentlyy enaghd of the ipkerent idrsybasks Wegurmept therapeydic methods for
admm&?éﬁrgiﬁ‘e[aﬁﬁ dxﬁlg %H éaﬁ ghfasl ?&%ogag% 51}4@{; %% ?xf ard %ﬁeﬁlgtcr?ga{agsﬁc%eﬁgt%lere exists a

need fohan gypasand aridnethdd ofimositoragciot patmdamaakﬂl end for adgping a
th other therapeutic _treatnents. The said

therapFWé‘fEﬁ"é’iﬁ‘FPtctotnP@ iZeA8S4lan i ncl ude ventilatory support
SumnMrveithe inWa¥ibaeS. Oxygen therapy devices or pacemaker
"“7ﬁ§%7ﬁ§;‘fﬁ§‘§Uth, it is not intended that this

invention 20 be limted to the control of gas o
dEp1 the pyuposercofipxplanation anlys thd preseng inyapiét ie described primarily in

v o PR BB TR0l ] RS BB OEH

appreél 8¢t thedprésent Hventidaiiy $¢a@i1§3 gigiblé fUim@atV@thf‘otM itledRapeutic
predi ct the onset of arousal ~and usin n adaptive
treatmgnigo rlibe s therapratic yreatmeats Cémn%uci%\@pa}%&w |S\épmrte%rt%ﬂtdevwes

f;
orseeF s ARRRALH SRRl ROy LD i ASRA 56 0 venin
be limitedlto themenm@lejf@s dﬂl\hﬂ_ssed on any corrbl nation of a)

enpi ri cal .clinical .|nd|V|du pat nt )
c %BF BEesen inyentpr ésrcﬁa% 1(-’7 af ‘Pf"é“a"I"HSé‘P hB’I A eRapent

undergcﬁhé‘a Qﬁéré}f@uﬂb agnasht by ﬁnbﬁ@i&n‘@"tﬁé‘{h@raﬁkﬁﬁpdév%% Fh@dns Of
her alternative site) or C) real-time nonitored and

phys@ngbgtlzedicdgﬁayhblmpmdp;t thelvosktof arousaltand rysmg @madaptlve algorithm to
on, has ni cal

modl%a p&ﬁgét tBergg?u}é:l trea bl ] I%&f}gaﬁ 18>S/cﬂ§ réocn of the présent

invenGHhdsGh¢ edpabilisy to¥¥ ﬁlapﬂea ditiigred BtifleHpBRtion bR JaMY i C

devi ce' s response and performance given the current
combigaen of Pempiri¢ah glipgal; F@e b) individyal patieat egllegted @ glternative (to
labora%erg oq{e\(,teq %\5 ng nf%%&ﬂ%h@ tﬁgz ufgtﬂgﬁﬁ?e&)ngbgrgt%?y &f other alternative

sure chan
site) or ¢) real-time monitored and analyzed data.

In one embodiment, the present invention has a capability to apply empirical clinical
data to establish standard threshold configurations, which in turn determine a therapeutic
device’s response and performance given the current condition of the patient. In the case of a

gas delivery device, parameters such as the rate of pressure change, the absolute amount of

-3-
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WD 2004/ 032719 PCT/ US2003/ 032170 pressure change, the
m ni mum del i vered pressure val ues and the maxi num
waledouws7ed pressure val ues can be used. | n orBEr/U$sm03/032170

mnimze arousals while maintaining the integrity of

the treatment, these rates and absolute pressure

changes are adjusted in accordance to various patient
pressufé ea@ge, itREmiiinieh ddliveredpadipire valey ind he npximemldesivered

current sleep state or the patient's 5 relative bl cod
pressufg waJuesrcan §e usgde Hyloﬁq;ﬁr 40 HBRIFHES ;gﬁusaipﬁglu&ﬁ pawgaining the integrity of

t
the trelanl%(eglr@ ethégsg ré(‘}@{]a.r%celae %&ﬂ{é e;g'g{sﬁpe Jhgggéétecﬁétl ﬂsgﬁds {edt %@&dgﬁle t0 fvarlous
patient $teteo aeludirgnder exﬁmphar(nﬂys)ahe pitn:nd seureriigltiepstate, orttheEpatlent s
sent |nvent|gn i S capable f operating wth

relativiblan Rressiy or grBVAHEUS dpi8etioun (1 heareieny v eiRion cas be Gpndieured to

rely oﬁ‘a 335&@&1 &4 br i‘@é‘eﬁ& c&rtz?afés?%iéd dRbRARE th'é%@ét%? libtedGthe occurrence of
cations e present 1 nvention could conmence

mnu&dperatlon wi th standardi zed enpirical data threshold

in During devi ce generated .nressure.changes, ..pr
ok stiogipicas We biseriGuftingh 5 Goufle BT Pt B 82 withut any
previoRs pakicht iR, of theReRiwidre a stiljefinasth® pievibus dafa iesholdre
present invention can adapt its contro
indicatiprg; thetpsesent inkention ceitkd qpmrpench QP?@%‘N with stapdardiged empirical
e il PHEBERERce SORLEE) pRIGEOBEL L Refbebeloa
respirdtosudisterbandeoggirétiction dfronkétef devspcra&rys disturbance tthe present

detect subtle hy opnea,. shal | aw bre t hi ng, AR.
ln"entﬂt!]s‘i?inraéﬁlﬁr‘ﬁi caniEe tﬁhBré‘ﬁ@é‘St“"értB Ggmige t 55g>|1ragqry arousal
disturbAiRk Sh@ﬁk&ﬁ Hia3cRfistiie Tt R dtD ailabsBiutd ﬂ)t@ﬂu?@@l%ges delivered
nonitor, or nore conprehensive conbi nations of
toa smn!ngcs tayethgr with theodevicoss echsitbiitano détsct shbtle hgpopnea skaltow breathing,
0 | uratlon e present invention wo record and, .
or UARO ReHLSty (b obrel aF BREE Iy rpnce FRb g Sl with an
airflow | 'sﬂﬂﬂeéiﬁérﬁf&r k¢ Y cOhptdABns AR HIAoRAS b?ﬁhy‘%ﬁdl@ﬁcé}fmc%@tored

the airflow signal (as derived froma breathing nmask
channelsy buthe)smﬂimt@omt&mtmmthe ofesem\y@@nap@ woglnegendeni sefedke

11ke11h(0fg 8? i;c:nb gﬁyeggﬁwﬁﬁ ?1% Wa\stel a'&%r% %g éf %% 8ﬁa{p§ REANERStfes of

the airdRSOG il (d%giehhﬁﬁﬂo@fhaﬁgﬁﬁm‘gﬂmiskfchemqn Sitis Mtah@hlolf waayeshape
or _actual __incidence of hypopnea, shallow breathi n%
charagtgpstics poud¢he %@@ﬂrbmete%%dﬁné%ﬁttm PRAUBRGEH OF For d)é%athmg

wavefgﬁg %féﬂ)tgﬁ hid'ikh ?%Ogle | eggcl?aﬁéé/s"’\?llﬂ? HeWhsétD %ajﬁﬂtgm actual

at cou |cat|v & I ncirdence
incidepcobfiblpepmassitallot brggiking oalJARy r esi st ance (UAR) or

vrlatlons of UAR, respiratory eda sals
Crgpbirpent R BrsCR B ARt IR ap BlEORITEN (o Riepng

varlatl Qﬁ QirBbw shap¥ (BRBEIAEY ih&CARRSf (tl?enﬁ’icigt-:ﬂ&r SHpr&EBldhset of upper
etected inthe breathing nask of a patient undergoi ng

airwayRaRtanox (IgaR) eoveratipnsiofl GAR, respiratorytavent rolatetdt drousalydBERA) or

treatme G A el 0o FRRAISD L ERE e R N g oan be

detectBd RSHB brdanﬂﬁ@ﬁmg@oﬂ @pﬂﬁﬁpﬁn@f%ﬁ%sCBAP eehiel Yescenti@onas
neural networks or other net that are capabl e of

0]
ventilatipsyariotier sas delivery ofi vegtiletion sunporti (Thsmdgteaperneanshility of airflow

shape variations enable the present invention to adopt analysis techniques such as neural

networks or other methods that are capable of adopting self-learning and algorithm adaptation

techniques.
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techni ques. -4 WO 2004/ 032719 PCT/ US2003/ 032170 In
one enbodi nent, self-learning and adaptation
wo ewhnodxyues are specifically applicable to thePCT/US2003/032170
detection of RERA and TERA. RERA and TERA can be
detected by nonitoring cortical or subcortical
activity or by detecting airflow wave shapes

amSeiel eAibRdimet tdalfgsﬂﬁfngta!na Ad&ftatforabcHRRRAS Sre specifically
Al ternatively, airflow and shape onIy anal ysi s met hods

applicghip to the detegipe (RERAnd AE Revend TERyd cpn be defected by
e
monitdyHERHCH of SB0RENGRLRY 887 fhe i ailol S Bfapet o clded
with gélliéiﬁl&int oﬂsuﬁlERER]&Té Al,tbmetlvaiy taenﬂbad aridehapednly afdPysTy methods can
pl et hysnographi ¢ wave anplitude, el ectroencephal ogram
be ad OPE’EG , electro-nmyogram (EM3) and el ectro-ocul ogram
ﬁ%g,e HRINRGR, the bRident W ehlibh [s%idaked BPEGed RARI ERA, arit
gas Ivery presSure device (oxygen concentrator,
TER Avianatpiatiettitaising \pBgsiplogiRAPpardmétersasnch at prdsestranse ingy (ePd" Tc) tpulse

. the UAR, d TERA events or.t nset of
aﬂenaLvélﬁfr@%ﬁEfﬁjp SIS i ARSI, SR e PPhaE AT (EEC).
e1ectrd-ﬁlyegﬁn€mé) ﬁiﬁﬁélectﬁd?@clﬂ’ég%ﬁlﬁgEO@) QeHafifetd @, and

moni Toring for arousals could occur simnultaneously or
Htthmg @aflse teshiniquéspe goi delivan pssueedleayics (eeygen épycentrator,

v RN T oo R g e

or the Sh&@ﬁfﬁdcﬁ@mﬁ ad mjustﬁkwtr@nﬁs:&mds avmaeutth @mrniss able to
recogni ze when the pressure adjustnent of the gas

b ergesrpbogamentethe Preges el deterting apd momiqENg é%roqrﬂ!gsa%socould oceur

T BRSOt oAV r
simulpu B0 HL Sl S Hicn ariopicll el My Srcnlend Uforichms
whlchszt‘rapﬂbleatmlagmt o radutepas sllmirgatqohonhesieepsbmaihilig: disorders and sleep

lib bt.| SBD Rs, h
fragmgatiagi TS DSt ATTIGR, HOPR { Forg BNy Paen FRE BFSUIE gfiuginent of
the gaé B@AIW&%\P&% afkerib LR eﬁﬁrlea‘?ﬁ'ﬁ%}@&ﬁ@ pRImdtRai JfIRERAJE TERAs

and under st andi ng the subj ect ter sought to be
or avqmd theefatlore, tot mwns@e ifor kgss obmieuws (vrithoub cmwhmmp shgpe analysis

SRR BB 5 e S0 S, ARTEECHARR, Mpoone

events, Qﬁdﬂi&l]ﬁ@tﬁi@%}ﬁﬁgptlon the 25 subj ect nmatter sought to
be protected, its construction and operation, and nmany

of |ts. advant ages shoul d be readily underst ood and

D ptio of the Prawings;and Figwres npt i ¢ di agram of one
errbodl ment of the present invention. Fig. 2 is a
SCh?Hthﬁ;o@'ésan‘ T IRAtidd %@hﬁ&@ﬂhn&fﬁg”tﬁ@ I:e,szctf Iﬂa&érl Qnght to be
of the present | nvention. 's a fllowmchar

protectddetmrenfslﬂdawtrdtedgm dwtaccorppmyegdrawmgs lan embeémtﬂnt thereof From an

1nspect10n nof Ehe d}awmgs when considered in connection with the following description, the

subject matter sought to be protected, its construction and operation, and many of its

advantages should be readily understood and appreciated.
Fig. 1 is a schematic diagram of one embodiment of the present invention.
Fig. 2 is a schematic diagram of the arousal monitoring functions of the present invention..

Fig. 3 is a flowchart of the airflow diagnostic process for the present invention.
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-5 WD 2004/ 032719 PCT/ US2003/032170 Fig. 4 is an
exanpl e of a waveformfor inspiration cycle with
wanp@niodzy19 Fig. 5 is an exanple of a wavef orm f B€CT/@82003/032170
inspiration with a UAR Fig. 6 is a flow di agram of
one enbodi nent of the present invention. Fig. 7 is a
schemati ¢ di agram of one enbodi nent of the present
Fig. 4 iuesXhinib of dwhkifernl R iddpFatidndycRiwieh sidimgPr ef er r ed
£ Enbodi nents A GEneraIIEEerviedfThe preseﬁt i nvention
. _is an apparatus and nethaod for. nmaintaining the sleep
Fig. 5 g5 a0 §x(npds of ag waneloan dor adasnistiag WathialdABneut i ¢

treatnment. The present invention nonitors and

Fig. 6 %&I f6W'd8lgFam BRY Ghoiihght o?iugmle&n@memt aneous

reathing events to detect the onset of arousal. Once
10 the onset of arousal is determ ned, the present

Fig. 7 isassheinatic diegrameofans embodiment nf thepresentdneentivaeded i n
the operation of a therapeutic device to avoid or

ML, mze.ar als. J Fig. 1, in one
Detallgg :ggggmﬁmn gtﬁg ﬁﬁfeﬁedsﬁﬁ%dlﬁe! n'ts i ncl udes one or nore

sensors 10 which detect a patient's physiol ogi cal
A. GenasilaDwdreles, a controller 12 which nonitors and
det erm nes arousal based on the physi ol ogi cal

variabl es.received fromthe sensor,.and.a .15 S )
dLhe DiEssnt ipysafion [an APPARIS AN SeLd: b Faulaigierthg sleep quality of

a patiG® ThAQEbiRE altBerapbiRicSBafAént 1 AHededft MveRFPInBAMS An@interprets
one or nore devices which are able to nmonitor a

physiqivgiedl sigvglsand spemtanesue braathing eventaioedetesy thenenspt efsaspysal. Once
the onlgﬁ\sl’e grg)?lgaétiglcgegetﬁr%ﬁ%nfigoreggrr §e%$§§\§enggn ad’e?e%ﬂles gégjt}sthqents that are

€ Sensors can

needed i A6 bpération of DtherPewtit devite t6BYo0id PEMitithizeatopamdent of
the others. 20 I n one enbodi nent, the present

invention is adapted to determ ne arousal  usi nig
phy shewnin Eig. Lpiit appebedimgnt, thesprseAng dnveption frelydegrgne or more

sensm!rsJ ﬁg hib! h&@ctﬁ#a@feh@‘é gﬁ%&%?ﬁ:aﬂé)gﬁa%ﬁars, a controller 12 which monitors

thysnogra C wav el ect roencephal ogram
and ddtérres @besat basethonghe physidisicalavadiables ceceved duoino threasensor, and a

EOG), to na .few In enbodi t,, At resent
o5 A GRLARPB AL L Bish b st B e PR Conolics 12 e Seli T0,gan be a
combiR MO fEorke R nFRE HEVIER WHickRbrel dbRNoThéiRr affhysielbgtbal fdt@meter that
breat hi ng waveform profiles or sequence O0f waveform

is useg rbof the epsessalth mﬁmm tof deferpaing eheg onsek Oﬁatc;y]lcaédort the \oapstrfsa sleep
dsonds TS Gl o B ARHCTRAE P RS DR of e

othersPCT/ US2003/ 032170 I n one enbodi nent the presence of
SBD, UAR, shall ow breathing or the onset of the

In one embodiment, the present invention is adapted to determine arousal using
physiological parameters such as pulse transit time (PTT) pulse arterial tonometry (PAT),
plethysmographic wave amplitude, electroencephalogram (EEG), electro-myogram (EMG)

and electro-oculogram (EOG), to name a few.

In one embodiment, the present invention is also adapted to monitor, analyze, and
compute the sequence of airflow shape and sound. The breathing waveform profiles or
sequence of waveform profiles or sounds of a patient are matched to various templates which

are correlated to specific arousal events or Sleep Breathing Disorders.



10

15

20

25

same, can be anal yzed and conputed. In one enbodi nent,
the present invention receives a plurality of inputs
wo e@riosEnsor s and matches the inputs to val ueBCT/S10881032170

inaplurality of tables. The tables identify various

5 breathing waveform profil es and physi ol ogi ca

paraneters or sequence of waveforns and physi ol ogi ca

dat GncdifibdineRase bitisénde HF SBIMIUAR, éHallawiédthialloRkhe onset of the

arousal event or sleep breathlng di sor der.
same, Fyr bharakyred and compwied. of co-efficients and equations

can be applled to the values stored in the table in

oy d i [

hEGhe bR Bk I BhA A oML R o iR i il frpm sensors
and nﬁtothaspﬂiel 1|npﬁty tofvaluee tisted rig ai plutalityeef taﬁlés diThtaatded identify various

e is a default node wherein enpirj

|r cal
breathifig ya%%fpgamrgﬂl@g aph beFipiogical BRAMEler Pb fEQueRsR T ya@ugforms and
physuﬂ 1851"@295%:1 QP friafBRks ttiﬁ@ﬁﬁﬂﬁﬁ'ﬁaﬁ&n GoN matticulhl CarBi@P @¢nt or sleep
en ion also 1ncludes a callbratlon node wherein
breatlnﬂgdlpmrdsle nFurithrevmte, emunést of téreffreeso aubegfatiohecan be applied to
ent, .t i.ous, settin i,n_order to .,determpe .
the vafi ik ipSpe Rl B oot Fscs PR Ry RHars Gy & Palcnt speciic
includes an adaptation node wherein the present
| TV @hé IeRibodithéritZ @& pRkénTBhvéntiohaARBUA icapabilivyr ©f opétating in three
order 15 to mnimze or elimnate arousal events

or

differsgmiodes. Gpsiraereas defanlianpdm whereshemprisalfate ﬁ%tabltSHe thresholds
i

and regéerngcgePJatz# m/e%nlro c% ﬁ%ﬂigﬁ% r’%{l{%fi %t (t)lgl%gﬁ't[r&lp mgﬁ’t 1r§'entlon also

includbherca]ﬁiﬁaﬁmc rmbde/ Mdreraim thegutedenti mvertiongests tHeaespase of the patient to

treat nent, andéf controller for con olllng t he
Y e

varioug seEtpgs i ek ReletgrringRatienitoterangesre hhe PrepRIT sy cptienalyg includes
an adéP&Yi%ﬂtrﬁéﬂ% Wiser8R 3 ?@%ﬂt Bvehion ﬁﬂleBBﬁﬁnmh& ﬁ&ﬂ@ ROAMS1Sn order
or the purposes expl anati on onl One s led in
to minimézear elivvmate eradsdl gventpordiBdt e t hat t he three main
conmponents of the present invention can be readily
|ntqg dtlnto one or nore devices. In one
8ot "Phe present invention includes a nunber of
sensors, sone of which are used to detect upper
ain vy embodificarl) tlee presendiinviehtion anetudes Mitre® maivh compeiehsc b sensor

25 physi ol ogi cal paraneters which are used to )
for moatospaRMbYEPlgal Parsmetes @ heAPLUAS dstéws% Bistsripg a therapeutic

treatmeROMRA ! ) cORHFOIRE I %mllﬁrg &’%ﬂygrl)g{)f fft ﬁllglta Bdic treatment The

measuring, or cal at | ogl cal paraneter
presenM’nanntlm‘l s eldsdaribed edse having thresusain cdmposats dor dlan plueposes of

o435 Do BB A RATERGEELE s 0 e

com &ﬁ%ﬂf'tﬁ@ﬁr@semﬂﬂv@nﬁ&ﬁaﬁ%ﬁéﬁl tedMtokdHe WA more devices.
protocol . -7 WD 2004/032719 P 2003/032170 In one

enbodi ment, pressure transducers and a
pheamﬁa&@dgﬁ%htharmesﬁ@éwwentl%md@s|aonu1aber of sensors, some of

whlchI &%e&r 5‘tt6 O&té’«!# tugp Tll%{l}t P%?st:&rce aanﬁ%fffo% aﬁ@ssgmteoof which detect

patie
physiological parameters which are used to determine arousal. The sensor can be any

apparatus known in the art which is capable of detecting, measuring, or calculating a
physiological parameter which is used to determine arousal. The sensor can be comprised of
a single integrated machine or a plurality of independent ones. The sensors can communicate

with the controller by any known protocol.
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ai rway pressure. To detect physiol ogical paraneters,

the present invention uses sensors such as, but is
wmodo4loatis ed to, EEG EOCG EM5 ECG pul se oxi PEL/UF2003/032170

bl ood pressure, carbon 5 dioxide nonitoring, bed

transducers for nonitoring patient position, video

processing systens and m crophones for breathing and

bireahdi eitbod@tetls préss@eetfraliivcerd aad s€paoliBoRERgph are used in
i ncorporated onto a Si n%lée pati ent mask. A suitable

COOPEFFHER O dnigErabiph Feith R ajTfbEr 1ot Pakirnt sk tP cdetech Patgntiparflow and
. 4 it l.ed " Bi O- ' . ]
alma%ﬁgsg#es. %&?ﬁé&?@k#lgﬁ Sc§1 o&r%?ﬁéﬁwzﬂe@r sgfr?télggéﬁ’lon uses sensors such
as, but Rcastplanaéd e, [ BEGLEOG EMG] EAG, pudset oxiektry, Hlood Ipecssmsk carbon
. .has sensors integrated fherein which.are capabl e of )
dioxidgemeniteriit. e, treRRgucEisGor mepitorily, PALEnt bﬁ"?%tgmp redeq, pEocessing
LGk BBl bYeatiRfd LRl Sounds, and gas
syStenE)r es%?ltg%ﬁesﬁﬁ}e&%n%sﬁg@he enaltasﬁg can ?ncl ude
si de-streamor full-stream gas sanpling capabili tﬁ/ for
nBrefarahly.nthei sensazs aret alirdncormonated ontet & ginglst pasiept arsk.CoR suitable

s B kPSP SR 91 RISt v

IntegralBens&Bduhé cdrént9ds whidh e henéBy Yndogpdrited PéiréfRfdnce irits entirety.
one enbodi nent, a mattress device is used to detec

_ t
The mgsl hansensexsripteatated thereén whigheare corpblophdetesting FMG, EEG, EOG,
rx: Y
ECG, Bt ot FRHE JERRes DuR bR D T S0RRE Bnd s pressure
in theBaskk( $ESBhashnehnt inelude sile-strsara qrafuilsstnehm deas esafipling icdpability for
..(PVDF- pi ezoel ectric plastic) be 20 .1 n ope
moniterio h@l}leegféwa%tﬁt&n_t@f PGV % B G2 Sigapases or any
combififtidbf feCafoldsaif0zasBR NIt UGN S ! AHRM SerPEPhOURIcERIUR for gas
sensor to determne eye activity via eyelid position.
delivemiht th¢ paitpet.si gnal from the video nonitoring is
processed by graphic processing programto determ ne

| o PR 20 e v B LURE Ay TR Yere are

two cémnierdiglly av4ilables hbfresdaspwhizhl oan porformeRr fove Wuhetiodss One is
bands are depl oyed to_separate &h%%i ol ogical w.reless .
knowns jag g aftati¢ Chargessnyivye Bsd ASCER) ppe thep ptier i g pghaindidene fluoride

(pvpg_ ge%%gﬁgétggggagg%)&gpuri ty may be depl oyed to avoid

ori z cess to data. An exanple of the typical
enbodi ment could be where the 2.4 Giz 1SM band is
appbne dnfbodindng, ey ectiatyeisofisedi toemesiobarweshls eAsonrared video
.interfaced tola gontrol | er. éess critical 30 d?aa, . Th
monitoring SYFIEBLISiMPIoYd a5 4 SPRIF 19 ASFIYYC SR AR VY VifsBiehg gpgtion. The
imageV 4Nl oA e VA tionit6RkY s Bfocess8d HicOprdédsding program to
8 RC%)MUSZOOS/ 032170 i ntlgl?% acgd usi n\g']wV\%% N gp;% eve% progt
deternBhe thestatusTMithg exdsess devi ces. The nulti-radi o standard
is a particularly inportant consideration where

ORE LA Erﬂgom&t, qfﬂ: ﬂe%gﬁt i\ﬁilénq}oﬁstﬁilﬁgssSetﬂi"i"queAtnulti-standard wireless

interface system. Typically, two separate wireless bands are deployed to separate
physiological wireless signals from control data. Furthermore, integrated encryption and

security may be deployed to avoid unauthorized access to data.

An example of the typical embodiment could be where the 2.4 GHz ISM band is
applied for the interface of wireless based sensors interfaced to a controller. Less critical

data, not effecting the patient therapy, such as user data viewing and reports, could be

-8-
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further capability of the present inventionis to
detect interference fromsimlar radio band system
w@em4®83271ch the critical signal and other noni POY/USZP03/032170
either to an alternate band or 5 nodify the system
anal ysis adaptation without wireless signals. The
present invention can be used with a range of
interfabkd 8BS W-BARCE hi PSRN dBVELESH™ /iRNBDHE/i6RS TheXRaiShd@b standard is
and access to additjional physiological signals. In
a partighlariynimngrtagineonsideeation elkare operatipg ity gxiplshle vaiglesppystems. A
or il 1t L i .. .
furthef S Y B Wiy MARALEA 156 ggb1efelcfed o sigylap radio band
systent Afid iR Nhe icHivedtsignl taad otlfer Monitoring REEMer td ARAgltedrnate band or
.SBD-rel ated (sl eep breathing disorder) %j?nals during
modify the gypler analysisadaptaiton WHBYIBYiEeless signal; [The Presgntpysnfigp can be
used WiIE SE rdnbE G 0HaEssILEL e Bdet ik &6 e bl%lt%@? eﬁ})ﬂmorghx‘{(? access to
sone au&nente Information (1n addition to the
additiore$ physidlogiyalaignhlsow, pressure and sound signals
normal |y derived fromthe subject's nmask) and the

ahility ,of..th PAP syste 0 rovi de .optd I . ..

¢ Rt ol BE Aot rarg Rl Ry @H) 7L B, B gvhite ransmitting
signal§toHhEIcaRirdXERATRE wifeiRAs mohitomhg t4paBilitP efdbldsthe bigent invention to

obstructi ve sl eeg apnea- hi/popnea CSAH) and UARs. This

moniteroRERA; TERAp fnd SBBprelated fesn @yeaélm(ag figordsthsignalsciumme g subject’s
e SRR ot LSS 82008, RS s v
some iangmented iinforhationt (ie diditidheatie vespikaoryaaidfige) prsture and sound
signaly RoGTHD! SorEAFRT b EpESh E P E Gbaty STbs RPAR System to

providté’ih%ﬁitﬁﬁaz ﬁ%ﬁgﬁuﬁb QResSEHRSR gabliefiPery UshoP %quﬁ‘ﬁieaﬁﬁtﬁﬁgm ERA,

I ¢ "breathing mask or other parts of
while plab inenimiting ohgtauctive sleepameeihypomrea (O8AN) pagd UARs. sai d
wi rel ess el ectrode contains several key functions

bl i ng thi i el : | : d with ..
" B dopbarifan, ol elepp S¥fcisheS s PAE I B enlticly additional
wireled sizhfls GhpIAS 8r ex@mipld) TPAEM bpérhiike canl Provide@@itble information to

i nvention el ectrodes can be packaged such that the
the healihenyaWorer @nd pratient i serasiesleaperificisaey eptians fontheapptient. In a
. . | . .au .[- .
simi Y8 68 ol I Bt IR ARIAE Eh 888 which coul b
attachpd &5HE adripentio bréathéndmiaslesryothérf payrts péttic watieat thyrapeluici sggipment
storage. Use-by dating of the disposable el ectrode
or clofing agi ng ensures that both the electrode quality and
battery life is used within a suitable period of tine,

PTRE &Gl RetelebE elbeRbde LoRRAMDALT &Y kW FurtteloRE iefsBlgOMhis wireless
and el ectrode deterioration. The wirel ess interfaced

technadbgic torbeoessd 3Gthotlativie trpulbls dree easevwithindhe patiente homeor thegclinical

. With | f-gelled properties to, si t}if electr 79
envire gt o037 S R0 Bt sS CHEPt bR Ui the removal
of thediRpesaBRI GlediRIdE- c‘k@%e( aétivatddsBb Ibajte§! € ThisOslRomatic wireless

systens can be attached by _the patient usi n? Si r,rtpl e .
electredesasdivatien fastion enables automatic preservation of the baftery life, particularly
during storage. Use-by dating of the disposable electrode packaging ensures that both the
electrode quality and battery life is used within a suitable period of time, protecting the user
from battery age deterioration and electrode deterioration. The wireless interfaced electrodes

of the present invention can be provided with self-gelled properties to simplify electrode
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The sensors input their physiological data to the
controller (incorporates pre- processing required for
wo e@ansEmd control), which receives the data apdr/us2003/032170
determ nes arousal or 5 onset of arousal. In one
enbodi nent, the controller includes an anal og
processing circuit which converts anal og signals from
attachinBft. SERSEESoshblE Gelfadhegivieqbr fdugitat). elddh@d@8@téfs can be attached by
rocessing circuit utilizes known preanplifying,
the pa ?ﬂil“ﬁmﬁlsﬁg?leé’lfﬁ@l]i gudssi ng, and filtering configurations
enabl e the anal og sensor signal to be converted
| [ n
ﬁl@ déPgeH(g? 1{/161%%%1&? gfl}as,léla%ﬁ?l : Iafgﬂﬁ* e 18:%{1%612?6 (inédtpStates pre
processnigadqurmdt for trba&memrrtmtrbl)ewhwlhsrecmmlthmwa anpdeteasines arousal or

ch r.ecei ves the d|l§|tal Si nal 1{'21? determ nes th

onset GE afousHl shizané SHPARCp eos 5 IR REogEARn circu
whlch%h{/é&?sr dhald, g QERS frothRE 3QRYE 1ﬁtdj§¥:ﬁg‘i3tﬁ} s1§ﬁ&ﬂ AMRCGAARE processing
loys a plurality of tables stored in dat abase
clrculfrtndxzes hmvespnemnph@mgaampthg, tcymbflomng,ranéé'llwnng |¢onﬁguratlons to
rrelatetheJnF‘;}tteds ensar wi th

enable 86@3110 ?%F gigngl to bg con 8¥ ﬁ%ﬁtgr Sigha In some instances, the
sensorﬂhX)Sdl%dblgllﬁﬁ\lt aldagianEipedls ar e inputted 15

simul taneously and all of the paraneters are factored
|n determ ni ng[ arousal ;, The processor can enp

wh Qi spRpdimettathe controlies RlspARcipdas @rPragrgsarghich recglves the digital
. I
il R B RFRUEN 8 U5 B B DA 5405 b ot
therapetitid devofe. fﬁhysrcmlessgr emblqyalamlaratlmsg ef tablesastated mlnr[aai'amt)iase The
abl e orre Ilnked set. of

tablestlgclgq%aéaal[lllraiﬂg | SRtgs W Cﬂ? & het Wgutqueggrml from a sensor with

arousdan enipieflly, NGl HeRBeMBSOTHERHI CftiysioWBicl Npiamefd efe inputted
hol di ng stored profiles cont ai ni ng normal or

s1multanwpb'aa®|dealll ofrthe gmammepshga@u fattorgiddnldetsamining arpusal.s Tbp processor

can er#élﬁx% \g?%glgfbr{ a%nﬁa g 31; p%‘glrllxg?e{ I?%cgﬁpnz}ep% olspg'1d f ac(tlon 12 determined

by thé deri¢ad irder! vaieQU S lafiothBT Embadinasmt, tﬁé\-lf)r&dédswi‘scanl'ﬁw( a chain of
val ues, 25 central sleep apnea éﬁ;%g Qccurrence,

physicipgieal vadussrtperiber, andj samepasp iet® ®dhle MirhecorFsjpiep Hisalinked set of
value QG Gdsgnce. EEG spi ke occurrence, EEG spindle
occurrence, EEG K-conpl ex occurrence, EEG seizure
occurrence, bi- coherence or bispectral index val ues,
ahdbna)embcmimkmd theqiresehi miventimhemclugest membry grysdes centaining tables

holdix%gﬁttﬁ!)rgﬁltprgqt lgg Egrrgi%ai{)%l 1%"0%_%@1 ata'cz‘%&@%%l%ﬁ@ &eyglsolgg ¢al parameters
such &8CT/ US2003/ 032170 The control |l er comunicates with

the therapeutic device to control the treatnment |evel

to the patient. The controller determ nes an
aplsem Fagmentations @preethypapaea gx (AHRgRERM ke tarchitetares

é’rﬂgal a?oﬁsgﬁyéu%%o?tlcea%{&ﬁsﬁg Qﬁﬁgirﬁg‘f \Qah'iégeHRV values,

ent st ol ogi cal condi
central sleep apnea (CSA) occurrence, apnea occurrence, mixed apnea

occurrence, hypopnea occurrence, EEG spike occurrence, EEG spindle
occurrence, EEG K-complex occurrence, EEG seizure occurrence, bi-
coherence or bispectral index values, auditory evoked potential index, patient

posture optimal pressure values, patient sleep propensity, patient sleep state.

-10-
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processor then communicates the instruction set to the
gas delivery apparatus which then 5 executes the
WO p@082719 on set. B. Arousal Monitoring As ShomiT/U82003/032170
Fig. 2, the present invention uses various
physi ol ogi cal inputs to determ ne arousal in a
patient and to tailor the delivery of air to the
PRhd EHirol1er BnhThiReSWRR thedth@dpditic deVRe t@cdiD] BRMRlaffent level
and varying states of sleep and broad range of sleep
to thediationtddihs confolldradetermines eandappgeytadel Instruetjory petfhsy wing treatment

sj ol 0qi.cal ramet ers,my ni_t.or . . anal yzed
evels REURL R e sRBH AT CBeRaTtn s PARRER SBp PGl Pudtth. he
process&i€ thefl @nirhighi €A e | ihdtyuction 3t el ©3l defivad] appardtidewhich then
t herapeutic treatnent while nonitoring at | east one
executgh {hei1pstBigtiensetpar anet er or signal where the nonitored
physi ol ogi cal paraneter(s), signal (s) or measures can
B. Arddgﬁlll\‘»igﬁit&"{” are not 15 |limted to): Blood pressure,
patrent novenent, patient vibration, patient trenor,
patient shake, Pulse oxinetry, pul se-wave, EEG EQCG
ENGshoer inglig. 2 0ok¢ piesant inyanti@nises mavasphysiologisal inputg to

sounds, .airflow si .., respiratory.effort signal (s
cetermi ot 2 pr LRI ITRE BRI R o i o B bagRRmiize such
arousalll PRB iAGRRbhp1dxMad va%gig st e mdibRRIGANESoS sleep disorders
el ectrocardi ogram (ECG, ref|ective oxinetry, pulse
that capdtergiagnpseds xpge dli ferent physielogicabrrapmefersgnay ke mapitgrpd and
ressure,. br ing mask airflow, breathing mask
analyz%ggoséﬁfngl?mg?%g%ﬂi ng mask sound, breathing sgund,
bThathiniigizpti@s 9 raousaleSipcludéthe caphbiity e automatically adjust the

pl et hysnogr aphy, pl ethysnography- wave, oesophageal.
therapswé‘s,geﬂt@snm@&? mORHPRhR! I6eH 9BF p&v%@aglg?l Paralapie ifsignal where
; [ r
e e ISARBUAL RERRRICT HBBIG) of esRT WA B0, ar n
limited @)sor signals, PVD tenperature sensor signals, PVD

sound and vi bration sensor signals, PVD breathing or

* Bioirediuts. it RO citienh vipPas Potit sy, Rt
( e, PISY &by, pudRSeAve, BEEC EOTH BMG! paticainpdsition] Batidht

one enbodi ment, arousals are nonitored using an EEG
Tyevementy breatking opamdsi airflew  signaly\eespirgtory 3ctiort signal(s),

PR Jre it YD Bl B SIeeE Bpidlhid BMG,
Stiesttidrad@limpédaticd lefectrddrediopmet (REGRreflcztive iogimetry, pulse

characterized b%'/‘lfb,ursts of higher frequency EEG.
SPYHIY, Bxyssn sauratioponasel Presyre. (HECY BICESUS, tyeafhipgmask

SLOHEY, BAGIHEES Mk MirEQHR) BYeatiiRE mask sound, breathing sound,
breathing pressure, respiratory inductive plethysmography, plethysmography-

wave, oesophageal pressure, nasal cannular sensor signals, nasal and oral
cannular sensor signals, oral cannular sensor signals, thermocouple sensor
signals, thermistor sensor signals, PVD temperature sensor signals, PVD
sound and vibration sensor signals, PVD breathing or airflow signals,
Pneumotach calibrated flow, or other routine or research application of

polysomnograph (PSG) monitoring sensors electrodes or signals.

In one embodiment, arousals are monitored using an EEG. Typically, the forebrain is

-11-



10

15

20

25

30

occasionally, transient increase in skeletal nuscle
tone. Standard EEG el ectrode placenents 5 and
w@e@ioswhs nmay be used to measure arousals. | NPEONES2003/032170
enbodi nent, the present invention includes the
capability to distinguish a periodic | eg novenent
(PLM related arousal froma respiratory rel ated

monited S dtermik 8drtibAMkSRAR AnP Y bdinstemlis rrfohﬁfﬁ}ea & Mure
associ ated wth respiratory events can be inportant

subcopiigak arewsialsr [Thepnegtof ewsﬁumhara@sﬁrmé% by bursts ofihighey fisgeency EEG
s1gna1£ 68 gﬁg tc} glpﬁa gll‘Me{ae‘Jc gﬁeve Vel a?lé%ﬁﬁncfrﬁ‘g ‘ngﬂhe ,

respon resp ar ous

occasmﬁzﬂl‘ye trhndiéht enirme nﬁﬂieimdl?.mﬁﬁlé tohics tStaglard BEG ditdoda glacéments
PLM arousal s by neans of conparing sub-cortica
and prgtospls anay hejrsed FemersuFRBIBYD pressure variations with

Cﬁ{c%;{ece%bodﬁﬁ S@}a ggés_éﬁ%enﬁ@ﬁ flchifes ﬁfegzldﬁéﬁiﬁtﬁf) Qistiagdsh a

I'stinguls ragnent ati on and " neurol ogi c
periodieleg nexemenuPiM) reltsimowsabfremratrespatatary oelstat sromalc h

. ... genera i ncl yde both s]eep.15 fragnentation
Distindgiog BLNEAOS BP0 Pohg| A BETPa sy Sipr can be
1mpor?ahp Badicalarly WHBEoRIRGH itfEBRient EdtRroPRRGnoPespéRItS @l PIIM related
determ ned usi ng Pul se Transit Tine éPTT) St udi es

arousdizlus nedyownd theespasidete s respiatotie peens triste@ sroastea,
ea.or u wa £ esi ul
BERAAY hgHERE Bt -G RRLALPPER Y Pl s e

of cmﬁpﬁn‘i‘a@ gigresrtical arb@alstinfetre@ froth Bloédpiedsiire Darisionowith cortical
athetic activity, and a surge in bl ood pressure.

arousaie( Coricrlarousalelie 4padda disinsweh slesn-Eramerfatign #ndan
neuroB?f‘éhPrléﬁit rﬁoﬁ@ﬁ%f%@ lsﬁ%-h&‘ﬁgzﬁ%ﬁ%shﬁ WH1 mﬁélﬁde both sleep-

essure assocl ate structive e
fragmelaatmbmhﬂl rieatodegieahrelbted (arouséllh end Bh]wnetﬂmi arsnsag; am

e fect i.,s created when_the | un appl
§7ie crfodEnenc g PEAL L SpHes! A ed YsiE aee Trast Tinte
(PTT)Y ‘Sltdﬂ?& ilve BhRAHHALEBEA B ddrS SudheR abneal B?E@pnea or upper airway

cardi ovascul ar changes are recogni zabl' e"by way of a
resistancaresulé int arbaccompamying aransal,ding this atdusal iSageatripenied by changes in

basel i ne PTT ue. PTT. is.t.he time taken for the
heart 3t € g bpsY BF SRRaiLe ACHDt gt Apeef P Plogf ey
Obsmh&loe dleBp Bifed ctn b cétré12ed withRh @BOIdE aﬁw}nebﬁuime lr&meﬁm

that the arterial pressure wave travels. A

intrathigraséniprossassassecizted ithobsiguctiyg effprt gugd §@rdmbstaerant Qf€¢§t The

cardlo%Ql?srtt%%?&m P]:t:gct 1 Fk‘é&ﬁ%@ﬂ%ﬁwﬁmﬂ%@ﬁ? Ly ﬁlé?gu?g ﬂ) E feat! " this

In a sfown ve and an 1 ncrease

compriesseSthe.hedfd ahd redineeseth® odiumert blddd puhtped blyahdleghrt STheg:
sensors, | ocated on the ibove nenti one bj o- mask,. A
cardioyasculsr changes ¥re Seqogpizable bywayiad afraapient byt sigificantedip ip the

patlenPls BBM?QP@T%H& waveform A second sensor receives

I nput” from the mask and generates an ECG signal. The

WRV & fiothetiarectak drefos thprmillseav ayeitm pavel dbdtweaen dwo lagerial sites. The
blood %%gégrg gzs%gﬁggﬁq%%g%g g‘;%ﬁd fcha‘t: alecarée Fpressure wz\{{\g travels. A
rise in blood pressure relates to faster pulse wave and thus shorter PTT. Conversely, a drop
in blood pressure results in a slowing of the pulse wave and an increase in PTT.

In one embodiment, PTT is obtained using sensors located on the above-mentioned

bio-mask. A sensor receives input from the mask and generates a plethysmography

waveform. A second sensor receives input from the mask and generates an ECG signal. The

waveform and the signal are inputted into the controller and a PTT reading is calculated.

-12-
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The PTT is derived by utilizing a plethysnography
wavef orm obt ai ned by using pul se oxinetry techni ques
wo eoogosdiinati on with an ECG signal. I n one enbpdi/re1wh3/032170
the ECG R or Q wave can be used as the start point
for the PTT neasurenent and the end point of the PTT
nmeasurenent can be the point representing 25% or 50%
ofhd PET Rededived 81 utilginERpldibyinitighspy waver® obadibél byl iiking pulse
. one enpodi ment, EMG neasurenents are used to detect
oximefrg\jeohniques il comppination With andie G signrls Inowe embpdignaahdhs BEG R or
= e
Q warl iy BE BRA CAETRURF S EPEF oS BRN By B e R e 1T
measubénipént adr de the paint eeppesehtink 2526 oh 40% e tiod hdightiofitheymaximum pulse
certain nuscles. Arousals will typically result in
wave Yg§- eased nuscle tonicity. 10 In one enbodi nent, ECG
A fElEmeA Ed HeButdisnt 4B 5AATIRIE: IBPAL BPélgﬂ) i patient.
conbination to detect respiratory effort assocl at of
EMG wionttoriegknables dpnmasentinyestionb st datect sleep—relpted ahangee itContient’s

| ect. f i th ' [ der .t )
musclf oGy ST S s yRIce PebeRstmpabed b Piage of GRtity Pyferain
muscléd) K RdGéals WAPRbIcallPrebur i Plcteasdduhi R ©ARItyAl apnea,
there will bé a cessation of breathi ngigvvlthout

r bsprierembedimenttf B 6. andlah EM@Q siingl frerathe digplirpgmaine mppidered in

15. ohstructjyve e rej [ Vi .
e
apnea! ThOEE€GCleRrddeeareledhfipgrtd on dierpadiynt ih ordeneo disthogliisiditphragm

a patient's e%(;e novenents, are npnitored to assist jn .
relatedyrssiFaipnyichigrt fzem daospcic ryiRiraterpifalu DiiReoteptal annsa, e will be
s cesBlo Ll L SR B RV AR e o
obstru¢fivecapnedsewhereintrmascleyetivityl mceaasescds ageshlt afprareased Breathing effort

degree of openness). In one enbodi nent, arousals are
to OVCBC_(%‘%@C‘S%BI_’WCWB@F’?” ing the presence of waveform
StdiR! qnﬂio%hﬂérﬁgi‘gégiéﬁté g6 tho Péinéhtare h SBFA t6ltalsist in determining

anal ysis (DC t or higher bandwi dth) of the
arousahi Onk tashgue inyolviea the yse of digital videwrfeopndingrndikmewn\graphic

. b hi K. . .. eV. ,. shal | b hi
poce s BRI RN B, B SRRt open
or degh® diRpesiesd). 25 and pre-enpted by anal ysis of the

change in shape of the high bandw dth nonitoring of
t Feonegmbodgneiicarensismase detactpd by mondoriag e prepsnce ¢f waveform

signal ?%;P&%ﬁ etvﬁieﬁpcm 5 R{gh%@\ifﬁﬂ?ﬁlalysisrk/ﬂtgg RaeSo R etr(‘g)andwidth)

ysi ol ogl cal®” paraneters - na noni t ore
of the dizflew wavefdrimeand iréssinte’ véavpfoymsi abadinet witkin aTireathing sessk. Apnea
[ tion can utilize sensors in the biomask to

eventsy Siadlo i HrEAL O 8 YRR FEVa e anee i IRPBREA YER Ca gfsp hg detected
U . !
and prRRHIASH b P ys?sV\Sftl?fé)clﬂrrTlg?/ R 3505 e Al DIRIRRIY hltHing of the

nmet hods e incorporated Into t
airflop masefotms anepressure wevefomst or bl ood pressure, and CQ2.

T RERIE P N U T SR R

may be monitored to determine the patient’s physical state. The present invention can utilize

sensors in the biomask to determine heart rate, ECG, respiration rate, snoring sounds, airflow,
air pressure, and O, saturation. Conventional methods may also be incorporated into the
present invention to monitor blood pressure, and CO,. The patient’s sleeping position may

also be monitored using pressure transducers or a mattress device.
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-13 WD 2004/ 032719 PCT/ US2003/ 032170 |In one
enbodi nent, wherein a patient is undergoi ng CPAP
WO ewabsendt , arousal nonitoring al so includes neEI/USI0D3IEE2170

pressure and airfl ow associated with a patient's

breathing in order to determ ne UAR (which may induce

RERA). To prevent RERA, it is necessary to detect a

NHERS entodiaddt SWRE et sdlicar i uhw'F@iag IOPRA POt st 8@Pard g a

_synptons, 5 nanely inspiratory flowlimtation

monitpfingalseimchgys mepdeningprassre anditilonl asserded with@tnagent’s
breathﬁr%iﬂ%ﬁ’{‘e?% aé iﬁ@'ﬂﬁﬂ??whi@ﬁ A ERERA 11 %éyjen;t RERA, it is

present i nvention analyzes e arflowto n rom
necesdahgtopttdce d humberasfpatterns wikdhedrenindécatine o£xleqt appe® syfiptoms,

UAR A "Breath detection” conpanent perforns real tine
namelafém@trﬁoaﬁﬂawa{r@wa&{1§rqnfa&3a Whripg and ﬁ%{‘ﬂ@%&}d%?wlﬁg.
I c) . - . .
ComoRRAESid A28, DSR4 PSR A B OBl
and fromitsepatentlin'qgdaiialdétedrinedhe onstericered$fAR.at i on peaks

bas, op relatively lo nt ext. whi i ncl ude up ..

& Shsoth gREuE | <Subap el Prdomas ek Hs fide JBhand chietigtgation of
individ§d BfatR. BREREbA Bf"in@;?irzitfbi%ﬂ%kpi%’tidnﬁie_ﬁks\flﬂl:luaéﬁj‘local” smoothing

characterization of flow during inspiration, namely
(to sepanaft eesd brepths [frpm neibe)gnd Salobaln geteaton pisssnieption peaks based on

. anp| i r X " Ti .

relai Pl EP RSt a8 o el B reathi Broat snat
include$ ageuess détectivdf idspiutisteinteres and ghahGetasionl o6flow during
. .expiration of tine intervals rather than breaths. |t
inspiration, parpely apdjcesiof tlagening. sremingadkinppiraery applitude as well as a few
othersdi scerni bl e such as apneas or when the mask cones of f

the face. The controller generates pressure

ad) ‘(Bmeemttrval psed pooedsing” besipenaft ppdornisrapalysis aifigrassure and

o 3B b B e PR R G AP 18y

in casEOWh&ESrEARs &k nbbiRSerMiBlCIuck QY S¥ned bl W thE kK 8orh &I \SIf the
of indicators of flow Ilimtation, snoring, breath

face. anplitude, pressure |eak and other paraneters. In one
enbodi t., the.main strate i.n. breat et.ection i
C TRe Sttt acntFarfproselte fliiet arF By BEig b butalh snd per
time ig@rvahiféritthtioR beividedibyl the pié abdvertoaipdn&xi Tiad dodfroller is
intervals. 25 Inspiration is associated with positive

implemiepigd 85 g Aellectien PERMesIRhigh govex prieHS combinatigas efcindicalgrs of flow
TR - [ N [ ow si gnal

imitalth b, BRAR ARG bEGhyrR Terkd TR i 02 ° 0

i In b enctaoelirmentythe onamsodtégyf indoeatla tietedttnds e whetreodimnm and

. . actual breath patterns_ (ho 10050).. For accurate .

minimye BonisdHoBmRLIeH A B e pgA d’?_é'géBF?té&"oq‘&‘)‘ exRiRon iptervals.
Inspirht?‘orfaik S80BREASHA Yositie fIGF si%nil@ieﬁ%étifﬁl ahdleRpigatfornt SsbeibRd with

prevent confusing themwth local maxima and mnima in
the neghteve dd@@eéticow Howgevat, the flow signal could be contaminated by large amount of
noise, and it is necessary to smooth flow data before detecting actual breath patterns (box
10050). For accurate detection of the inspiratory and expiratory peaks it is also necessary to
use a relatively long context to prevent confusing them with local maxima and minima in the
flow signal.

There are two main tasks in the local smoothing. First, all local maximum and

minimum points from the flow signal are detected, and each maximum point is defined as an

initial candidate for the location of an inspiration peak, and each minimum point for an initial
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There are two main tasks in the | ocal snoothing.
First, all local maxi mumand m ninmum points fromthe
wo bmwozi7gnal are detected, and each naxi num poPCEI/USR03/032170
defined as an initial candidate for the |ocation of
an inspiration peak, and each m ni num point for an
initial -14 WO 2004/ 032719 PCT/ US2003/ 032170

candidaf @t fadstblé RicatisisstidRpRatidiptak OMThebecdN @ tdsRid B mRdaKsome
The second task is to snpoth sone maxi rum and ni ni num

maxingin prd mipipm paintgwithelrglagyaly smakpmplitnde™, whigh amg likely to be
noise il%ﬁ?l %gs (%'egﬁt tﬂ&a? gmﬁ&tgﬂlgh%nlﬁnﬁlﬁlﬁﬁ% niﬁtm!uﬂﬁ %omts with

I'mum pol nt's

“relativelgligige mbutulda’r g€ retaipkd tandehe Aow sighhkbis wenkideredtotbessufficiently
flow signal is considered to be sufflglently 5

smootlygg OFIHE SEAUPHE fdecglignethpe hegtesaribed gd fallong: be
d?Sﬁe{ebfﬁl oaall bl pouahs ﬁ?ﬁ% g6k é)@hbwl fepl maxi mum

oints froma set o fl ow For each nmaxi num
p2;| Ror, edch maxémyatpbint,form lal pattemiece! pdmiax -peak, whvhitht themaximum

. axi m point is. located.in the center, and data,i.n
point {3 fasafed 15 erter, i 3N 16 el e frersroe Higho Bt ead dlerease
monom&&homw%n kfdlei Hot thd @lttent 166 dafalet, BRI A Bt @ ak Leuk

dat a set tain a set of max-peak 10 patterns. 3. For

pattemnshe sanme data set, detect all |ocal mninmmpoints and

g? L?{;)lgﬁ?ng ﬁ%{l% g%tla %‘lif geé%(img ll%n{) Z?n%m%ﬁ%g&ﬂ?s and g)rgg‘{m{ela senal of min-

peak pattéfs asing itig vilvanhetbd.on and duration for each
max- peak and nmi n-peak, and these par angters are used

a4 Calculatea nimabeof paremetess suchyqs sigap! varigtionard dpration for each
max-{t G5 fifh P REARe R MardthdloR SRy A8 ) BicTHieditenlelis st whether
some of detqpeaimax-peakeand myingegk pmtmcﬁ-ns fre in factrbeise. of max- peaks

shoul d. exceed t he .nynber s by.one or

P BrER SR AU s Pt LR kS U 4V ey semtpnce the
numbdr¥F nIREks SoulPekcBEPE nﬁ%b@ﬁ@ﬁmﬁpﬁeaﬁbﬁf bné br aﬁtematlvely the

sequence coul d be approxinated by a single nax-peak 0
numberiod npeaica@oshphldtexawdabpnmbmf nopx-p@keby one)iapd check if a
t han ariat| n_and

ni fi.cant I es
sequef 49 e i B bl el af o Pk 3 Y an apprpygmation
error ib Bl%nfﬂli Rsihah vaiaHdhind Aurdtiof phfa@fedts 5fa teshlléidf max-peak or
nmet ods to approximate the flow signal. 7. The

min-pegkx - peaks with rel atlve | arge anplitudes are retained,

ap! d FI)IO {he ?l?&? t91 géglt %‘3 gg, ugé B{E@é(wﬁg ﬂhear Qx?éﬂg)ds (tg ggpﬁ'&llrrﬁge the

peri od reasi ng
ﬂowsisgndle) are not shorter than a pre- defl ned t hreshol d
ame nethad is ayﬂ%deed to mn

S?malﬁ pﬁlé H;}ilé%\ggg relgjive large amp s are retained, agldafgr each “retained”

max-peak, both ‘increasing period’ (left side) and ‘decreasing period’ (right side) are not
shorter than a pre-defined threshold (0.75 s).

8. Same method is applied to min-peak smoothing processing.

The local smoothing is basically designed for excluding noise signals that have a
relatively small amplitude and short duration. As a result, a large amount of maximum and
minimum points can be excluded from a list of “‘candidates” for inspiration and expiration
peaks. The local smoothing processing can form separate “increasing periods” or
“decreasing periods”, and the signal within an “increasing period” or a “decreasing period”

corresponds to a “likelihood” of the half duration of inspiration or expiration. This “half-
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The [ ocal smoothing is basically designed for

excl udi ng noi se signals that have a relatively snal
w@egiiosarde and short duration. As a result, a P&r/gys2003/032170

amount of maxi mum and 30 m ni num poi nts can be

excluded froma list of "candidates" for inspiration

and expiration peaks The | ocal smoothing processing

duratiGsnidHThs Sfb%éﬁln% is bﬂ&iﬁﬁ&cﬂ%ﬁ@é’lét mallMmoi #asgrRASOR the other
periods", and the signal w thin an "I ncreasing perjod"

hand, &me “half-durntion’ amgozp"élrlaqu ‘capabplity ©f p@gq@lqgcﬂ(av data containing some
i?' i,kel i hood" the half duration of inspiration or
relatlvg pl

AESPER andrﬁf“sfa““nal f- -15 WD 2004/ 032719

PaAOHEP AR N EdHem i bfeath mectﬁﬁﬁs)tdlutagtoph@dmge Bﬂres@ratlon
one_approach for deletlngb§nall n0|se Si

patternst e flovasignalineftenaffected by pafients thep phavse %‘ellfaé’f@é’ of breathmg, in
other \991{&@ Riokd t;}'enlgtis oftHe ﬁx{é'r&gm &é‘%s"i’ngﬁgﬂazn E&e $89%d to change of

arge nol se a ar t
patientls fefsprmtbty ﬂrehbhelmraﬂ’lextthamtdﬁmsiﬁtaﬁoh ioD axplﬁatlonl dbead smoothing is

th h t it
unablq § e g ey BBFLQ B PEARS OREBIPRAE. LIRS (HEPPSS I puse
some SbbAMRAsieRRntsitd cfBUREly d’é’&fc@ ﬁlescSQHﬁleS'r’ infdlSpedks éfRin-peaks,

I'ncreasing or decreasing signal |level "are related to
and thisha thya desf behirat the globsl degsspion af mplratbmwkbfglolzahsmmthmg) (box

ousc 4 2 BAEB e A oygh e SRR il

disqualifysdfdnax - peah¥d Shin-pebks BorRABS]if|of cirlidiies foOIMEpigdtiohdr
nmeasurenents to effectively detect these "unlikely'

explraﬁglstppegkgks or mn-peaks, 10 and this is the idea

{;vagl% Jﬁ% %ﬁgmn) %g%fesf cugg%gg)rhﬁ@wsg %g&gfi ,gsgﬁg fested for pairs

of sucsém&é maxg;eahy(mmmeakmmbmnd\mdn bEsd-tulled neaxepude Kerdminepair) is
further djsq aI |%é so eaks or %eaks rom .

formegl  Then & purgber oy qaRAiLipPRIOF series 9 Blaxpairs ip  ohai &6t plappxspairs

with sﬁﬁﬁ’zﬁsga ePhs’ Adenbledlab Wk trdiP 2Q deb&Bp éd“’ﬂ{e“sﬁine%?&g%é?ng?’is@arried

m nut conditions are tested for pairs .
out to gemarats snindrampoup e flsn-pairs - Phekratheredrt jwo maih Iaartsen thefglobal

|l ed [
smootfgcim Y SERH e PR e BT FR we i i
trains)Ab8£10Pf0) Mke E’@lldvﬁng\bérﬁgﬁq_ﬁﬂ ditline MakHeir A8d mad LR fdcesing
max-train are devel oped same processing is

briefly-@minipair anduminttepin gensraiioa emplox thaispae sespecive fiathqss).r s.
TFle %%rs?ax{u?]g:hglpé &e[hé }Qﬁx- !a.lgseqa’«{ r J)ﬂn!bpg a?é rﬁ%‘&@x'ns 1s

genera |on of pairs)

detem(xh@dg “thﬂatﬁﬁn)xstaﬁebt Mnﬁﬁinlgs:oﬁaﬂtmns?o trains) (box
10110). The fol ] ow ng paragraphs outline air, and
ma>(1)t r £hpdpratier bapsen i max pyaksnpst Bsﬂqngsrh TREREm

gener af, Q0.8 BPA 6% rtg 758§1e respective nmethods). From

the starting polnt of fhe nax-peak set, a pair of
ma>(2)pe3?he pmtatlem betwieen tvetemexpealescnusibe shorten ganrteemakingim

fol |l ow .con 1). The duration between two
{a breahanody

max- ped Iﬂ’bg than the m ni mum
(3). There is not any intermediate max-peak within a max-pair. An intermediate

max-peak pattern is defined as that the signal level of the maximum point in a
intermediate max-peak pattern is larger than 80% of signal level of the
maximum point in the max-pair itself.

This search processing is carried out through the whole max-peak pattern set to obtain a

sequence of max-pairs.
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25 duration of a breath (0.75 s). (2). The duration

bet ween two nmax- peaks nust be shorter than the maxi num
waeoansom of a breath (10 s). (3). There i s NOPCHEHIF2003/032170

intermedi ate max-peak wthin a max-pair. An

internedi ate max-peak pattern is defined as that the

si gnal | evel of the maxi mumpoint in a 30

NY(&y. "BEY SR MEXXpae ahuRdbi & shatisticd] McaSiretnbRs af 04 @ated, and
SI gnal |evel of the maxi mum point in the max-pair
i t sel f theyhingasyisemetis e basedoinrthe fiffegence belyvesu therariginggy Hlow

the wh _a...sequence

of maxg Hal A tl?ﬁ%%&%?@%’igﬁ%%%@%osm?o

( Fherehats Wﬁﬁn@@@ﬁinrtms@rmm oaé issd st bBinax-phirs which is one
measurenents are cal cul a 8 ihese nmeasur enent.s

step clos@ ta&see@naéﬁettqfénsmrﬁmfe § 3] f IS pduBtbeRPhatisticdw
measiRerHER w‘ﬁfbﬂ_llﬁ &438 Péeﬂ?ééeﬂ%k Oﬁagé’nglsthc‘!\’h{a;l' Iﬁh 3 bhe subsequent
max- pai r. ere are two nain outputs in-'t

max-tinpeseisimg, wemdlliraly angledse sffatistical maasusenmdritcto qasrymue‘silﬁilarity’

step closer to the final set of inspiratory peaks, and

another is a nunber of statistical nmeasurenents which

IS Tihe @ichih RieliRRNREEH tht AR tFP PR ceRinglif BallB s@idrity tBst, i.e., we

the subsequent max-train processing, we will rely on

measurh Bise signidarityt wﬁhlln arReauaNce AEMAX-PRS toalorm aggquence of max-pairs
0w Shmbar §he mil | “ »

with rsrlgu s rgat{er% rdgf:l%tses Ia% rd]af( grami (?rélgl?ﬁ&?l%]x :ﬂg??lee{t Bas% sgetl ’ similarity test

can bd infludedrto (e m@agaihe Thb tdea behind alid rayX-tradrt 1h that a
sequence of max-pairs to forma sequence of max-pairs
with "sini-| drseqpence of Rormpd Resathg oxsr wcﬁssa{menqﬁpﬁfnmﬁ@ 6

max-pair th
T b | pEsaRAREDR) SEUEHBp s Shpes, £4Bpatemshoud
max-train i ﬁottlieadhangedﬁslgaﬁmmﬁyevafa shortrpeiriol 0é titrfesas owedlr

a successj V?fé)erl od. of tine urations

shoul d hdbe afuré%n%%égnﬂ%ﬁ%ﬂmwif’%&rpa&ﬁ%v&%uld be
15 not be cpﬁﬁmﬂte%lregynfat&ﬁe&ény (4DYi84 oﬁlﬁagﬁéa),r&rsb&e of

time as well. 1i. a max-pair s not simlar to
nor mal breanhISQ/atttfmtmatwrnlmﬂqWGlml rather like a

mhe o B YDl RSP RS oo

al qorHach Garfidd1@imak fpairinikt B8 ffdeflinimui @tatash feghitedvént that is
20 1. Each candi date nmax-pair nust first neet m ninmum

definedas she dipfapcehsity esnegendidptgrand the rgirenceanaxspaihe di st ance
betz‘.’"%“%{}nﬁg‘ ﬁ%hldé)a fi sﬁl%pe Jaﬂgldﬁt%f S CRERB ek of parameters such as

duration, variation of signal level, the shape of max-peak (or min-peak). We then calculate

test.

some statistical measurements for this group of candidates such as mean, deviation, average
and maximum error for all the elements to check the similarity among of these candidates.

3. If the condition of the similarity is met, the group of max-pair is formed as a
max-train (box 10120). Otherwise, the processing is moved into next max-pair until all max-
pair are checked.

4. The same method is applied to the min-train processing.

5. Using max-train and min-train sets, we are now able to detect the locations of
global maximum points of flow signal level that are related to the inspiration periods, and a

number of minimum point that is associated with the expiration periods.
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2. Starting fromeach single candidate, we calculate a
nunber of paraneters such as duration, variation of
wG@egaab27ievel , the shape of max-peak (or m n- pRERPS200%032170
then calculate sone statistical neasurenents for this
group of candi dates such as mean, devi ation, average
25 and maximumerror for all the elenments to check the
Bl g1 infax AR AAd Bin-pbasSTay8 PEvitat @timated. loéeftlohbef each breath,
condition of the simlarity is nmet, the grou
i.e., ingpixationjapd pxpifasioppgaless 19 orden so datest ﬁeSP%t?rn@’PEg) one needs to
is noved into next nax-pair
closelﬁ}c{&?lamé}%ge %‘Iggtﬁs’g’gllggﬁgtr%!edag%ecked 4. The same nethod is
appDerdt the stafteintdiend poiatsofpnspiraten mervA@bax 10180hg
max-train_and mn-train s we are w.apl e
(21 BEoT Aoy asem BR &t 1013 i omriane AN Soapat 0BF0 e el s
e related to the inspiration
Calcu%tlérl oé’tﬂ&‘s?égtﬂpﬁ %gsf of m nimum point that is
aPsdog smecthinigtpno¢essing & pineatapproxjpeationdsethod i3 ugdl to smooth flow
d 2004/ 032719 PCT/ US2003/ 03 170 Theng%]gbal max-gteakt aﬂd
ata exeRt IFRRIINILIAC BIYPHEPO ﬂ‘h’Bi"éHa (AL flalg gtfy However,
for puﬁfo@@bfbreath%nalys@ Siebévat W v d& Rbing A in@aka mihinum points

der to detect respl r at ory events, one needs to
as refqrercs‘sélsylepdﬁslwrmr to pasang pedreath awiyaéhpmﬁ%qswaes 1.

I .
PFES bt OB Ay BRI PSR 7L on gnd v unc
proces(sbtgx Fbﬂ&ﬁﬁhsp&rad)rg naénvalgesamatiys itlse :(dsmx\pﬂ&iﬁ&hatme amedunt of in-
cal cul atiion of .ot her breath paéggra%aers

talﬂngst}%fiwnﬁgm&lf?@egfieﬂ@d ghquiches t ?%paapwthﬁawldémng
exp1ra%5ﬁ ?%Iflj&l mﬁtﬂe frla®¥hurd %@nﬁfﬁﬁﬁm hts TR Mo NGk references we

S In max-train and ntraln ata sets.
estima‘tbmevmerval éfinspiratiposies. ,ghe start abdemhpdipsiod insperatooncdsed oy
leul fl ow dat a uﬁsén\g maxi mum and m ni mum points 10 as
calculpting (he Areag 88@ed prior to carrying out breath
apR¥edrSthiy A6BS8& hRPinhdiRAN L tvd SrobMhsThARSuldBREMEE atdhracy in
detecting inspiration, nanely estimtion and fine-tune
lnsmr@tromcbmtmrg Firstly, when the Slovris msaspredhatahe masletheiamounisef flow
curing i RS RE T d B DR <SSR Pep e riflinc B8 sty Upeciaty
when pﬁi@lﬂtsr usB thedtrhouthlt6 Bredthie] &8 weedll thiy problepedsi‘Bldw 1h’fblaﬁgce”
he maxi mum and m ni pum points in flow signal as
Secondbf &e&m@x boueares insexsitiyitye praplem, nN\Qre@aaatléms stag pspiretiemthe flow
[ [
signal oftl ypldly ks BOCRE AR RIS (oW BB, e ARG R ProRhsing
that 1srmﬁdh®bmsharnhe chartge f thooy smgnah;l isel. finathecwutdd, the tkaige of flow
t he accurac ation tection. Firstl

ns
arca 5 B SPOHN| BN AR ALy THEVFRDR SEHA OIS B TBHOT YBGEF flow

s1g11alq§‘EHaﬂged fpRily.ation period and the followed expiration
period may not be the sane, especially

The flow area is first calculated to estimate the inspiration interval, which includes the

start point and the end point of an inspiration. The start point of an expiration period is
simply defined as the end point of the previous inspiration period, and the end point of the
expiration period is the start point of the following inspiration period or can be ignored as this
point does not play any role in our control algorithms. Starting from the estimated start point
inspiration period, linear approximation methods to detect the “break point” during flow
signal increasing period, and this break point is then defined as the start point of the

inspiration interval. The end point of the same inspiration period is simply defined as a point
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20 when patients use their nouth to breathe, and we
call this problemas "flow inbal ance”. Secondly,
wa bene3arey be "area insensitivity" problem WBIIT/US2003/032170

patients start inspiration the flow signal |evel

rapidly increases, but the measurement of flow area is

an integration processing that is nuch slower than
at whith ehecdi@ag R velfis tHeamsiag ftadt S1 iHeSef poittof didi@EpiYRiod Hut i Res

change of flow area is not sensitive enough to
passecb@@mmaa@ré}lsnnwasure the start point of inspiration

a
| S5 enbipRA feevipltgdhe bR ENERdof BN dctdcl Bk AfcELF

resplratnt)eewmls, nantdly hprieas hmﬂb;&popheas sioang, qndnnﬂpuanoh flow Immichtion.

oint of an n3|ra on start. p
The ﬁgst iezé?mfp YB‘?HFﬁPss igjsppeietd Wi trﬁ‘i“célﬁﬂl op pispifation
flow aﬂ? tﬁlg @axpﬁ@fé'slﬂ%éﬁ dlféé@jl 8td @P bR &‘i’ech@ﬂdBBﬁlesn%Hgg Q.ﬁ’d ﬂlfsplratlon
expiration period is the start point of

flow lfrmltatmw angmprediehatoi Qo;nurphmngd‘abmoruaﬁ’ Hyeath geod dF sta ‘mhmaal”

3Q poj nt ,,d | ny role our_ can
breath het Shifcr oF gl Bp it 0 of et G D s Hafrileg g reatively
smooth"Ribeh 8hdriig iD k@l thd hiBE FeqadhRy P EENa0 \HﬁbféQﬁi@mg hspiration

detect the "break point” dur| ng flow_ signa
as showcindiag i4n dnyperiation flowrdimitation indelined s therevest thﬁéhe patient is

f Iy

unabif fy dcHG8 Apliifous 5 inBfall citng' BB eist RPLE B fBflrrion period. As
a resultsthe iflopd sigraebn thecheals ofiingpiration- ﬂkﬁvld@oﬁﬁ@ﬂﬂzﬁB&?shﬁwn inFig. 5. In

PCT/ US2003/ 032170 at which_t
flattenyng,analysts, g detsminga refesgnce pQPtE fing %ﬁlecap%&eftf q@é%%fé}? flow
signal'dn tHép d?%%%ﬁ'%tl&ﬂ]@ccﬂﬁffﬁ SRR uareASrol BINSE)O Bfthe dlfference of

preV|ous Y, present 1 nvention needs to detect
the flavhsigealtang g reference $flat” dine dyriey tng pgriodasitien calonkated aamd

, ; . ¢

RterghEot et 5 BN PeE g R SRR L P SRy Of e

refereASSIAfE. The ﬁat%n‘ixEF ErfFueitH @R sRhlléNTMuE &l dePiRed hoyvlanshigindex.
can be result directly fromthe breath detection.

The fiBgeringindex isghemesed mmeamr(t dow lmlntmom émdttb@ sropllentle flastening

el Q _occur .durj eriQ

1ndex,.th% r?é? éeverig b gg{ H’gsptlrﬁl 181.1 ﬂﬁapleml OPnSI gnarm% E)n({e 9 ?lso Strll‘;%d to
indicate¥$p ldég’ee GflthE Isoired PRRf shorif @lndele k' defined ﬁfﬂnaislulffﬁlheht of the

snoot h. snoring is present the high frequency
amount| of lyiggh @mlpnqysslmaé ph the tgp of Hgpirationifloxt.i on 10 as shown

in Fig. 4. Inspiration flowlimtation is defined as

the event that the patient is wunable to generate
C.ghgggkmnuous flow increase during the first half of an

iratio eri,o he fl ow si naI .
t Aelopeations] HoReHRrLarcRs cPbhimiraL bt e brespiiny qvn in

Fig. 6! 'P"of: tHe- u'ﬂ)osésrbf efxbﬁhﬁt?cfﬂ &Qyﬁﬁ@bﬂé&rﬁ inVeRLSIEWAT B3 &\%cﬁbed in an
reference ‘flat”" |1 ne whith can be best fitted for the

embodiment whighag adaptedter usgpwtlf a CR4Bimaghinsn Qtwd;rlthdng thehaet can
ence

.| east .s re error e
readily REPTpria) a4t Aty Flondf Bl danlyd KFLEF i or pfotgorated
withid, Biter ResWwPthetapetitiedevédbcul ated as a flattening error.
There are a nunber of flattening errors for different
s dhe presem dnvgntipmehecks to make sure that it is receiving valid signals from its
sensors. (box 2) Once the signal is verified, the signals are analyzed in order to determine if
the onset of arousal has been detected. (boxes 5, 6, 7, and 8). The data used in the analysis

is determined by the user.
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reference line. The flattening error with the small est
value is defined as a flattening index. The

wo b@uozaTing i ndex is then used to neasure fl owCT/US2003/032170
l[imtation, and the smaller the flattening index, the
nore severe is the inspiration flowlimtation. A
snoring index is also utilized to 20 indicate the

degéRenoditiént RO preseht ilVeRtisn B4d the chpa8itity teugefiffoes Psced
measur enent_of the apount of hl?qg frequency signal on

oscillatiga tqe@t@qu (FQB)p dgterminemationt-specifp drashpkivalges for arousals and
SBD. %@ﬁﬁst Ahe HP?%&IDS%&& Qlfeat%qanﬁ%g %}h%r%e H%dttg { etermme the

|nven ron I1s
appromwtepﬂﬁmewtﬁc e3inadtt dvoid the loyiset bfier qﬂrremmntthe mmlahctearf CSA,

05, BSAHSRII R rond Tt (L A) rEDSCHEmRIEF PTOf e pifetiprnned from
patienf 9& f{ce(ﬂ o¥t1@&?&1@§bxahfe Pﬁ;prf‘a{bel? G Rleffdent aﬁ?@éﬁ V\P%lﬂf%lﬁr stage

eaS| use w or incorporate
in a subjdeEs slcqmnbrbttbmgpmus c devices. The present [ nventi on

checks to.nmake sure hatlt S n |IdSI
¢ EBSprocr? iR Gort b iR paiénssBesiREFOY kétfpidfEs i Brotidd vy
utilizidy, fdréddaﬁcmtah&l §f (S8l fe, 8f EhanBa MZBdowpreds8RY td ®termine whether
etermine if the onset of arousal has been detect ed.

the chinggg i ths airflowshapgygsw@iing fram hesesubdededtmentrhangps|ajesabde to

comtéﬁ%}?%é%ﬁ%?ﬁ%&ﬁ%&%gﬁe&ﬁ%g%{gs elﬂ%l% Y\\frgeoﬁgge‘]i{ngﬁgée or on-set of arousals

(TERA Y RERA)ror (GSAH hrd UaRabThe prgsdnd invegtich (fahe/raemﬂlefp@éselﬁé change
osci || ati on treatnent (FOT) to determ ne
value and ragsRf changs tp icpuntarmeasye JUEVSES- f or arousal s and

Vs\h?l?e 1Bsts s?eng bRH?‘ld & hiédhs ¥ &%\Hﬁ' §hdliRont 51%%5 glb&ﬁfﬂ}& 8h@Rs or

are etermne t appropri
other typey ﬁnnemous simpmeatbny ad@ir datdiee relatedtinwestigations. The specific

data OBV DB GKOISS TGS B PR SregrA P GPIS Bs 2B § ised o

custorf2k 8ot 8af ety RViceR bt Mbire SARAIVEIaRd dERSAE BritotSiiln®sing
or the appropriate FOT treatnent at each particul ar

inciden¢cafdJARS, @SAHS, RERAs a:ndéléliRm, YhileatiHinngingizimg sicep fragmentation

and o@gﬁ%ﬁgsgg}q\éﬁ Et'ﬁ? 3 aigg (i-%c g{{e%?l z%s?aﬂ%m(i’ erg%ra‘foryg}-eathmg circuit

and ase&diated 9§thﬁfﬁyspfswﬁaﬁ%ﬂﬂﬁbre@ml@@mmsmuﬁhg fallgwges of sleep ofa
ressure, to determ ne whether 10 the changes inth

patienpwilf v fEomapaticnttounatienly khegiesepidakension apiity Aodate the
patieng E gr a&?al %fr@%r?%i &atd Pr gl A g%é?%gﬁ%aﬁg tci}@%ldﬁ% Sre Sendii dﬂdeeffectwe

cteri sin ence or on-
treatmeht dgerithm. s ( TERA or RERA) or OSAH and UAR. The

present invention can vary.the ressure hange | ye

5 I SReENOfITRRAN clBE PrST T arEdlshcbe IF eipne (blagle 1), the
presed? §R%BA0N ¥R UBRHRMEY ITIRSCRAPRAL Sarls8d gﬁ%sdr@ gé @Bx 13) or if the

sl eep [aboratory studies or 15 other types o
event jsraausediy the e:ept,encreeddﬂAata)oy 14ndif there wasin@pressirachange attributed
¢ [ & Eﬁ a%ﬁ s. _The, s Res
o the 1ne e present i ventlon Wwill likely determine that the onset of arousal
was caused by RERA or another form of arousal. If there was a CPAP related pressure
change, the present invention would make a determination if the onset of arousal was
attributed to the pressure change or some other event (box 15). An appropriate remedy will

then be selected based on the based on the physiological signals and the patient respiratory
flow. (box 18)
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data is associated with a subject’'s breathing and
sl eep arousal paraneters and is used to custom ze a
w@am4msd7ivery device to be nore sensitive and BCT/URED®032170
for both mnimzing incidence of UARS, OSAHS, RERAs
and TERAs, while still mnimzing sleep fragnentation
and optim zing sleep quality. (box 23) Each patient
hRSor dhbdduBert ShB ipkatRiveitiRatis ablg t6 utifzd the Atedffhation to adapt
associ at ed pat’h Subsequent |y breat hi ng wavef orns
the thejempisigakdata. s(lwge?é,% Jihissenables dhe Bresqi dReRtionfq beopgreymore acutely
| t esent invention ability
Sensnl?%)%;ﬂcl:lgﬁh a0l aglcgltr%%&g@a{)fltggp é&%ersonal enpirical data
provi des a neans to produce nore sensitive and
eTﬁeamﬁlhmzaticmeaf reosalal igoludéshthe tapabitity aotemtbmativially i ddjust the

t he onset of arousal has been deter.m ped (bl o
therapp¥iie SomER&ISH Of 0 At OFF THER CHAICEYFH Aate 561 Wppisiicigpindex or

derivel A8taGRUSRdnAud @8 Bl [FwiRgange (box 13) or if the event
I's caused by the existence of UAR (box 14). If there

was no pressure change attributed to the CPAP
neppérnlirvie Besigance (Rt | Baspiatdry | iBteryRelatedr dirpesal

t nset ..of a b

(R AR TR oRT 8L EOy i Ref WSt VR, Rlepiratory
PD&gbike [88aNERDI) (RespipateseAtousalvViadex (RAND !Alpde:{my]ﬁ)paea
determ nation if the onset of arousal was

at“fiP’F b(AHD, térqum,ls piMiczemEousHah g resalso r§€°‘6’lchlé’r RArpupRls
d
bcpkida) o BAR ARLLP oLl Bl Mo, SiHEans U
tﬂkee;pabm—eett B(&ijlmtateﬂtejﬂt fPementagdoof lByusalGlistGpted sleep
2 32719 S2003/ 03217 nbodi t, th
&é%aég?wp neén 14 0 #lﬁr%pt% | &8yt élp?pg ggqﬁt%ﬂ?ng)élt gﬁqﬁ‘n a% o5
t pragﬂfeﬂfausxh EndeR En&PPSFI-Citltal KD FaR¥ntiY) argﬁ‘éaﬁs ﬁé}amu?)s

t he pr esent invention to becone nofe acut el
sAanM Stepe trendhAipfigrz |SbamT@aplat6e"§)p>@nEbtt@img fedex, Forced

&t The n‘gn mza i on of % 3ysa s incl ude E

8&?& 1P fVey {fﬁ%’ﬁ%\t‘i @E8T VR SLTSSHTe BB nEY G p el it T e
t E19MbEBnt BaS80PrestuAd cHaB @S Evenbh Makinthd 4n@ misleda, Misdeddsle?
set wherein the index or derived data set can include

t Aengao|aventsn entmplpHeeni rAimga Revants, aHpeer( Yaryay Resistance
a8 ROARS) b B RIS e B ropasgparome

RESPAHS) evsnts, Dlesbuatbﬁ_)n EffoktaRlelated Rﬂo)lsdk SRERAN) owith screen
a 10 index

Ar | 1 nd -h
A}lg]lij?zlgﬂléa ?Mgé?’b Ar %gtap@? )gg Eaagqegff?wrpys@!ﬂ, )’ﬁ]er-)lpeutlc
Ar oUS a}R%laté@be%@;{]E (PERA) vﬂh%?&h%rﬁ(z@hﬁﬁl}ﬁcageﬁ aF pressure

T me | eep stage, REM sl eep, on- set
Bdmpgm)mdmmWalPe&leagmydhdw (xmalhodurls(ral@pemkx Easor)

( &H%@tkdovm?gfd grlollsa S, %xu gen Sttl%% 183,’Pu§éeemeSI 5rﬁe|: ?Ipf'f(),

Pulse Arterial Tone (PAT), Pulse Wave Amplitude (PWA), desaturation

events and SpO, artifacts — accurate detection of cascaded desaturations,
desaturations with SpQO, artifacts inside, SpO, artifact start and end positions,
detection sequences of respiratory events with partial or short recovery,
classification of respiratory events with noisy or poor quality effort signals,
detection episodes of Cheyne-Stokes breathing, Concordinance capability to

allow score comparisons between any two designated data sets, Pneumotach
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Fragnmentation Index (new SFI- Total Sleep Fragnenting
arousal s per hour), 15 Airflow Shape trend, Airflow
weh@po3iienpl at e Type, Flattening | ndex, ForcedPCT/US2003/032170

oscillation event, Pressure change event, Pressure

change rate, Pressure change event curve, Pressure
change event nmaxi mal and mnim, M xed Sleep Apnea
eydibtfed FoW Taémﬁll S&RoAHBRA SEMESH Rspitdfdt® e flokl siBals, EEG
Resi st ance ndrone (UARS] events, Obsiructive sl eep
afyravgal a,nHTRyb%ﬁxa@aogryﬁaﬁ ovave Granssharasic lé‘ﬂ@ﬁii@e Detection

[T n aé&&%\é %?eieﬁ{éncﬁ% L u% f%la é’sm al égréfhel??%lrg?p

agverssadosinciiide rhg &f(olldvﬂng GwBiits, 0 Obftelctive GléspoApadasH ypdphRés

Wi th scr een linked qualificatiaon pres changes

a?y&nh% qme @@ép%éﬁh@’@@ﬂﬁho%%épmew efﬁ% §i yeya&lﬁal
Sqé‘e:p t

Desat ur at IgrleIgul seA )’Tr ansi ?’q él’@nlg%(%%ef%@%%) Pu eggtokes

Alm'eethn@, HiypoeentiPAibn, YRawns dnAtable brepthnrtgmhéat(ecPW\)sleep state

aturation s and.S i fac - accur
CORaEt ot osetsUErdrenataRn, of | Ul Sielafiibe: Cfiting,
\Aslscthta%eeas 8f rtde@fk Hut NEHAS, shmzbl%ﬁﬂlﬁ Tg’a\ﬁgna% Iériveadidal
d positions, ~ detection seguences of  respiratory
ew:lnms (f:pmmapeel iprésayre oF caliiated flowdsiderived fmvahmntail@amd@h
res ator even
oXtiy el Biesfute SERartd B h et e nB (PAtEbSeY mressure
bdileadlﬂirzﬁad fBW)CmeﬂWtBﬂﬁphﬂl@ﬂﬁﬁc |ENIG arplitate, Ci%n?\wdr@per
conpari sons between any two deS|gnated data set

PRIBV#O Feststance (frogyomasih pressorey oh mqaésm@swr@saz@mhbrated
C r f

CTLL DL Lo IS SO PO, T P st
PBetathisgmgsla mid/or aieflosy sc'ﬁ[rmlrmiat}msamth: segmmmhmuanto various

Det ecti op and al | owanc reen id hi for
PR the s It SOR Gt IR, SUH 4PRE AP O e
following events, Obstructive Sl eep Apnea/ Hypopnea 5
eFGNEvedy selébred Q:V&lt((%ﬁblmb’h oERAKD)of JRPERied (@:ﬁéy of events from
effort related arousal, Central Sleep nea
above @gd tqua‘pnvsgeé ep evniopd @aer( icsipwedheyeiect tho ket pf measurement signals
nt.i U
and torsg %%etés_r'%/ §P Hgtg%tlotne or eaerYXrgt\;\q"(l)nrs e(rx}%l%%) hgfpk%{:]s%g{p %k/&glon to use
more ﬁ'ah@@ﬁé;s@ﬁal at mmmswaid tovderegt axCé)\t@h btDmorepam banSeii&ioth detect
i rregul ar but normal shaped breathing signals, Derived
an evepf. (be fpdoyig Ave exampl ﬁﬁ‘?fefg"ﬁlne PESire or cal i brated
flow), Derived flow limtation index (from nasal
)ressure or calibrated flow), Derived snoring (from
nasal pressure or calibrated flow), Derived
di.a@Breagmethe fatihMpimtgry prefie aftder fewelow bpeted breaths

2. Frequency shift in EEG, amplitude increase in EMG

3. Subsequent leg movement activity
4. No pressure augmentation (CTRL signal)
Leg movement related arousal-
1. Increase in leg movement activity
2. Frequency shift in EEG, amplitude increase in EMG
3. Break in the inspiratory profile not necessarily during inspiration

4. No pressure augmentation (CTRL signal)
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ai rway resistance (from mask pressure, pharyngeal
pressure and calibrated flow), Derived subcortical
w@e@umsd7s9 (from PTT or pleth wave anplitude), BEI/US2003/032170

Breat hi ng mask and/or airflow sound analysis with

segnentation into various breathing disorders such as

cough, wheeze, strider, apnea and hypopnea. For every
Spont&Rba&Cdrogkabvent (conbination of a set of expanded group

of events from _above and current set of events), a

ubdirequengy shiftan EEG, awplitude incgease in BMGreasur emrent

Si r j: for

20 erea s e BEOIIMGRARTYES 156 RlovERbRSCk AR T 0 o
28 Brealeintthaimspiratosi grofile ot nédessasidyduringesgimatidet ect an

‘er%j‘?t and nore than o cenaii o to detect an event.
‘?B‘ieF%‘ﬁ\?ﬂbg“é?”éat’é’}?a(ﬁ% 1g¥def i ned events: RERA 1.

Pressul SifndnfatiolGeliledtarddgni r atory profile after a few flow
limted breaths 2. Frequency shift in EEG anplitude
i hdiressurs incre&vEceFdRg tSitsddrptionaldosithmovenent activity

R SR B PR LR LS it BRI 0 o

agtNincheags (oraREVERPGEMUI chiindes) infég mamBhtidtdevincr ease

in EMG 30 3. Break in_the inspiratory profile not

nédirsalai thy ingpirataty pradjs nohnecsssaridy dygngipspiation

augnentation (CTRL signal) -22 WO 2004/ 032719

PCT/ US2003/ 032170 Spont aneous arousal 1. Frequency

shift in EEG anplitude increase in EMG 2. No increase

( The pfesent ikF@tiBNMGigibeapdy)redutes erpusalvignesstriciog ithé application of

3. Break in.the.inspirator rofile nqgt. necessarily :
pressug rFARHOR R e 151 SRE pf Ueep phers QiREHSSHIF Snqerpgrienced
or caufdsIdAdVersEpRfent HRcAHDIE HradshRIbTaf R1iQced i@ padient is r_amft;ed up or

Pressure increase according to the titration algorithm
down 2iepSuling: ipent the r pagigetic wleshi ftate n PRESIre aisprampgdeup slowly while

[ ease | ase

-1, NG EMG 3. L her on after FEG E P
physic e daserh s ceinohfstd "R Tk Py Blofical patgifr ingoate the
onset bN&BL A MitoR60ddl) Be Poéssite (S Hfudithingd dv rédiged DARI thatpatiént is in

The present invention significantl ¥ reduces arousal by
deeper; lsxelp jof sleqp epﬁt@m@pcmnpgmqg BAPdIE up of pressure. Pressure is also’ramped

downwards accordingly.

The controller 12 is implemented as a combination of rules for pressure change.
Every pressure change rule specifies the magnitude and sign of a pressure change and the
allowed range of pressure values within which the pressure change can be activated as well a
number of additional parameters including time constants, timeouts and forced oscillation
logic. Every pressure change rule is activated if a respective logical combination of its
conditions is true. In one embodiment, pressure change rules are combined via logical OR —
pressure changes if any single rule in the set of rules is satisfied. If more than one rule is

satisfied the rule with a higher priority takes precedence.

Conditions for various pressure change rules represent a number of physiological
scenarios:
Flow limitation (flattening) over a number of subsequent breaths — pressure

increase
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pressure treatnent until a patient is in a stage of
sl eep where this pressure is not experienced or
w@2m38327nD adverse patient disconfort. PressureCDUSAENI/032170
delivered to a patient is ranped up or 15 down
dependi ng upon the patient's sleep state. Pressure is
ranped up slowly while physiological paraneters are
NPIR IBhR&tionQlaReding ARk %abrad OBlief @ huRBELHRUBERubit Br&attse-
the onset of arousal (mcroarousal) the pressure is
nRcsRUEd mewassr reduced until the patient is in deeper
| §1¥o§’ln oQerr %Jleeoeﬂw%rﬁpzltﬁﬁggr%g&é HH%QSJ anpi ng up of
pressuare.” Pressure I's al SO ranpe downwar ds
aH?ﬁ%ﬁpilieﬁ@l pressife Heeecaso(it s édorimehded o useplddivienaled as a
conbination of rules for pressure change. . Eve .
pindyrmgtian seehiasd Trhy band ppatiesssignals tReliscrimipate 8{%“@11%
ange and the allowed range of
g%ggggégﬁégpﬁgéymﬁthin whi ch the pressure change can
bBetaction/aftapdeastante! stareforeed wheHatofn addi t i onal

paraneters including tine constants, tijeouts and

t Ep ¥ dty ebebymnes s chrsyetanceaill forectlascilioR ngveu o

| ;icRald (bBhtagttivE apnda’RRRE) Ve | ogi cal conbination of
its 25 conditions is true. In one enbodi nent, pressure

cNadlyw limitatsong(reunsisébreatiushapa - gradusd prespure rqsugtieiyr e

changes.if_a Sj rul,e i he set of rules is
LR prpfre e BBt s Sleb ¢, 26t O TS 1
r Nbairfloivover Binghetes ppiadsiirt yeduatka@stopy @nHdOnce.
Condi tions for various pressure change rul es represent
a nunber of physiological scenarios: 30 Fl ow
i : ' . _
8 i hniehich sXabdH oot i PG Inebiro SUD3ARHERN factors by
applyiR€addgER 6 ARoeifRd T@hnighesy Theradbaptivieahgdrithmttecdmiqughasthe capability
nori.ng oyer nunber . of subsegyen reat.hs -. pressur.e
to apprroneiace Shitsal 3R Db e el soebsugiiolt §HER i rn
deterntiR€ & @&’ SYRBONLR AR pelbRPMLE B tehtfd 8OSR deliVery Sharacteristics. The
reconmended to use additional 5 information such as
adaptiRTalgotithnuitechnigue alsebas thé gapabidity ® apiplyca setofithreshold characteristics.
opstructive vs.,centra opneas) Detection of apnea
OB e o pent P Sholt FRRAE s R G iplsaf B %s the
te offireshade dhanel) eleddme6luty dnfoun®bLfdssuELitahgé, ithdminimasdeliv ered
raeo@r{cr ease (%gkj)s_t ruct iu_ve apnea %gt ect ed gé10 No I}II ow
pressurg yaluess thermasimumodeliveied prassup xpys. - Thpsa stes andrabselytegressure

changése(%{%)pi% achéYaffce! t§ @griéus%a?ecssdfrsgidrp%gQr‘fttihaﬂdihg (t%r mel%é?e only)

the patient’s current sleep state or the patient’s relative blood pressure or arrhythmia

detection. The present invention can be configured in a predetermined mode of operation
where the algorithm adaptation function can be disabled and replaced by an algorithm that
relies on a fixed set of reference data designed to predict the onset or detect the occurrence of
TERA and RERA, while minimizing sleep breathing disorders.

In one embodiment, the present invention enables medical specialists to set various
thresholds, which may prevent undesirable medical conditions for each particular patient.
For example, if central sleep apnea is detected in combination with an increase or undesirable
change or measure in ECG, pulse-wave or arrhythmia, the operation of the gas delivery
device is augmented to stabilize the patient’s condition. In some instances this stabilization

may include the immediate cessation of pressure delivery. During events such as central
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No airflow over 3 mnutes - pressure reduction to 4
cnH20 The present invention is capable of overcom ng
wo200¢iosay1ar ousal dependent factors by 15 appl BETyS2003/032170
adaptive al gorithmtechni ques. The adaptive al gorithm
techni que has the capability to apply enpirical
clinical data to establish standard threshol d
sleep 4RB4 (c@sbaBibh 81 Breathihg BetivatddWbyithe BRirPédmghd veaNk GRway
response and performance in terns of gas delivery )
obstrugliei) afer exanaple.cforced ipeessurg dplivare wathgetaipvay, absEwgtioguaay otherwise
S t set of threshold
aggra@hegggg@?étgﬁlés &?%Sluge %rctélp %cgﬁhéth " these threshold
CThe preéedt irBlehticn Baapablde yf qr;ﬁraamgtvaﬂsorsudibuam)t jstewoaepatlent
rate of,%r essure change,. the absol utg anmount of
data (3;1pseifig pitlow-shaee cftan@tqﬁstwwmaae}ls Uggsbelds,fpeexamnlde). In the case

where‘é%hg,%ét ha 5%8 S:'i@)fédé‘ﬁ@téj&] thx‘é?ﬁcﬁ&' 1&tiohs the E?ésl:‘x‘?ﬁnv%%ﬁ Could
S an sol ute pressure anges can vary iIn
commexeapemnon with stardanl snpsitiedl elstadﬁreslmldi sgangse rIDurngdewd:ien g
f r exa only atient's rrent. sle St at
generaiod FSAFLATARR® & WSS HE ot s e g e
1nventﬂﬁ1tcﬁﬁtaﬂéﬁ'! its EBRtr O BaRBeribHSR trlifithi£iihe PAPHAY Maeudan
a predeterm ned node of operation 25 vvher et
dlsturlmng@ru t hm adapt ati on function can be di sabl ed and

an a rlt t
ofF bRl PR g By shlfhe iy bflyf &l avgment
CPAPUSSI&pididdnder@erzdtiome bapabilities. TR r&igdtnFéEB&en ‘obd:drelurmg mild
mnim zi ngesl eep. breat hi ng. di sorders.

hypopgeeygnise hbere isfypisaly sipch mlmr@ﬂtaarélﬁvvelﬁa%qt@@ th?éd?%ﬂi’ machines are

unablSR&eled! the tb?ea'ﬁﬁnggfsox\ﬁ%f dﬁU@Fvér kgllgﬁ Hﬁiddéle?%hgﬂ {15%6 sufficient
prevent undesir conditions for eac

UAR ma:tause(anblmal jmat patient. e detaction afithe @nsdt fof swchtarasalsleaalpes the

e TS 5 K L 258, 8 e o

is unaBlE kO YLtBTItRe evede Operation of the gas dellvery devi ce
I's augnented to stabilize the patient's condition. In

sbhrmmneienshodimuens, a treatmsntahode maludesrutllmgg bireathing @attére templates

storedgggﬁqéﬁt S%%l?%iea gﬁ;??rgfc@ﬁ g’ Ll 1cDHy W1cated breathing
pattert WMV fhe @Aﬁeﬂgaﬂthﬂﬁb)( Qﬁﬁgﬂgltﬁ@c&ﬁrobém&dﬁéﬁﬁcs of

act i the brain commands versus airway

the CRAJS unity cThq)mnplart@ﬁr safisfyrthe partieWaraadienfy sresfuee gapireaenys while
{ t
optirmrlg it bocnf ¥ e B ity BRInPhGBLY B€, POBTEVALT

prrﬁ@ere&nboﬂnﬁmtj the pr@emamﬂnhen eﬁabdmehatom@emdtﬂenoof treatment to
wi thout any previ ous a ient 5 data eci
be detgFpipi Ry & RPN Stia o e %gusgfa%mtvi‘%?taﬁ @g Resrdgdermined

e
o SO UBAATSing M PORPS e MIFERLE, BB abSpals it
existentrsvanof tha aricgals delivoyrtreatmentogesicas isthe dlscdrmﬁllrqubanchced from the
irical dat.a,thresho setiings. Durin i ge
positiFNMETBEF HRUEA I &PaHah JUL egheX e ALTaP o e piEep.
I BRRIchBdteYf %e%rﬂd&%é@ Baved e Bﬁ;ﬁ%ﬁﬁ% to proviRIetal dé[hy@@ Btart function.
adapt its control characteristics to mnimze the
This delay funcsiion ipyovades adime delpy before the treatment pressure slowly increases or

ramps up to a prescribed value of start pressure. However, patients are not always able to

predict their sleep onset time as drowsiness of a patient varies from one night to the next.
The concept of a prescribed delay time can also provide a psychological anxiety, as the

patient is always aware that if they do not succumb to a satisfactory sleep state in an
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10 di sturbance. In one enbodi nent, nonitoring of
arousal s enabl es the subject invention to augnent a
WEBRAR032789 eep di sorder detection capabilities. PERUSE03/032170
negatives often occur during mld hypopnea events.
There is typically such mnimal airflow limtation
t hat CPAP machines are unable to detect the breathing
approphifi®kEl6iint JIGWRY ey rik €Rpdichéing RNInD16abdrn® Berh®GH 6f excessive
_.sufficient 15 UAR_ to cause arousal in a patient. The
positivieaippressyre diringibeis lsen prspargiemtideousal s enabl es t he

p i avent. [ [

Pt BB s ES BB AHOL RSRRIF R e o
deterntiaé pebsurdgctbrado.. Tidatndies auhpslicdrmily waer the patiemtis fide

includes utilizing breathing pattern tenplates stored
preselegied preen slate ofsleepgind subsegyengyds W%éﬁhm@. copypencement of

reatm e A oS e ol o TR e e
includoipatheseireetheds disclodedtil the@PSPPatenttNo. Bi397i8dApthacestents of which are
sat | sf¥ %{Le .part.icular patient's pressure requirenments

hereby, ncprporatedt IS AMHEEY -he patient's sleep and nini m zi ng
PAI bRIUMBYIAHSR! 2 pleSer® M eRANORUs M Thtegfald RASDS and treatment
i nvention enabl es the comrencenent of treatnent to be

mode abereradj ustdery toethp deliviedd aipareshanged on regl g (1.euchapsgh are

. i Vi | . ..and/ ; '
instaniik bt YPend AR oS RGBSR ors bRl 1 e
eThe piesdit &l ehtlon’a cbmdl AlgokitHin Bxd th enpabilitft@bOiddpled duiring real-

. gas delivery treatnent devices is _ the disconfort . .
time opgrgipR bared @hfapy spmhmatipn el 3)jeppingal clinigaldatie biipdividypl paient

colleefbdRF bifctied b (Fooh B 1 sy SR il Aoy B p@pPacmative
site orto) r¢ul-tivicdmonitated arykahadyizad tathuncti on.  Thi s del ay
function provides a tine delay before the treatnent
pressure slowy increases or 30 ranps up to a
D. AlRHARGE ERBEd e of start pressure. However, patients
are not always able to predict their sleep onset tine
ah arealsinative embodinat, iae showraimi Fag. 7, riberprasent mirggintion & used to

. the .next. The concept of rescgribed. del gy. ti can,.
delivel megicgfion foqepatiet JerBopTedols {6l Se e minine sefdsive s fragiyhtizer
dosagé feqalré@ists FNad fibjdetireiofich BRimAEd Hi9h gEntES1RD pherd group or a

satisfactory sleep state in an -25 \%D 2004/ 3271§T

speci{pEHMpRATIBNOFLUT0  appropri ate amount of time, they

S BEEEULSI5 B hE L S03E M AEIRAAL PR Pl onany

paramigte@) It Bis wen shoven, fohexapipbsthat a pervans sleep popéisity cambe related to
detection of sleep state and/or araqusal s

P S a neap to
sleep deprivatiorh @loghals SRty atitess; gfwwmew%é@%ﬁt@%aﬁ%asa ex ggfnder,

hered Xnd’"ﬁ‘@@ RgrPatient is in a 5 presel ected or deep
ere %{}gt e o0 rsfaeef) and subsequently is oblivious to the
s ahel casoyence nfonersédation aafluderincredded rebotveryrtime taitentionf deficit

. I ' in.
risks %quc(?dﬁt)e(f &%ﬁ %xge%gllvg grc}\nlﬂs?nersrgggc?gaséeg\@ols%shota Jr&gslf %Mdhalc}nr}rel the

quality of life due to the extended drowsy state of a subject.

The drug administration can deliver a range of drugs utilizing methods such as (but
not limited to) orally, transdermal, fluid drip delivery, vapor delivery and gas delivery.
Utilizing the integration of a drug delivery system with the present invention, a drug dosage
can be optimized for a predetermined level or an appropriate level of drowsiness, vigilance or

attention state.
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i ncludi ng those nethods disclosed in the U S. Patent
No. 6, 397,845, the contents of which are hereby
wo pmengiated in its entirety. In one enbodi meEPCT/US2003/032170

present invention has an integrated diagnostic and

treatment 10 node where adjustnents to the delivered

air are changed in real tine (i.e. changes are

| TS @4et BIRANE.cHre PRETidEERRNPAdEt dARdtifist@ldtedosae nhe

moni tored paraneters). The present invention's contro
consulggtigprvitthihe patsent prd mmmorq@pamnwwad apt ed during

r - tine erat.i 0 ' ' "

cinergrbangiof e et iebaPl GALRh REbbATEH afbensiive
moveri@ltldecitetthatrto gahdracities gata tanal¢dis (stcldasignast limitsd twgpectral,

within sleep [aboratory or other alternative 15 site,
phase aad amplitade).can detesihakinB dreragrs ang athgrsignsdadigatinggppropriate drug

t [ g ] . ' ' :

usage Yt 6F B of BRI ot BsBlAR s i o o B LR
prografi@héd/leradministen tforoexatmple afejuaterirugsRo evinimnige trembdmdfsbaking,

.. determ ni.ng sedative ar tranquilizer. .20 dqsage
while fghe e RE aravige the SYBF otitng deeses SryigEPe TG s day and slee
qualit%%{ﬂﬁ{gathé ARt Mat iseYst B6RIUB Ve o BachSRAGIdLALs SRIIRY 6f life

_ lent group. A subject's sleep or vigilance
requirgmerpeosdasires.s hi ghly conpl ex and dependent on many

paraneters. |t has.,been shown, f X a ..

DR Bventon ol s anp e B Rl o APRRE ol diere
combifl@isn ofahiy§i6logRlaLiRBedingedhihied]y, serbrsg Sl ysiy) siokayerand display

factors, body nass index, gender 25 hereditary and_ .
capabiitiner These canabilitrep eowld yawyublesiodhe peeificdiseasq oyflisorder being

s [ | 1 : 5

e AR50 064 SAIEA SEHED LA FigBLLERL AR Ghdmaon

chsdrpthet allerugtbve embabdiraentcdsi shown in Fige7, the ptesént infentiph encludes

due to the extended drawsy st of ubj ect. The.
a pacegalir coufP 7B Wi AP RIEHRA g TEI phile pgumizing o
subjecg'r;s 'glk.‘iuf/ bﬁl?l}%ﬁg septineRtfon(ddbles He daRktibh 8F RER Al &4 TERA from

ermal, fluid drip delivery, vapor
the eladrbeardiograanor mase-wavd sigmajs, forlgxamplel fdterhativelyt swrat i on

comphert e Ve BB, Ol B et BYEPhona
optimiz&H&H o EC@PadiRE WARE iafihe shid¥ GineGhindhRiMy £6$als andGidepnce
or attention state. -26 WO 2004/ 032719

fragmergatiansPacBiaignaontrol qanealssles utdized énssist wthe chimiatige pf some

o st dr o ) it
RN R T T R R
causatiuii dfefdep dakmentatibn sidherss ivmpedpriatel pacarhaltdn ot amding promotion

invention is tg contain sensors such as sensitive
of slegpfyagmsi{ing atueds t hat together with signal anal ysis

( $HE Pre@ht Mlfenfid is'aldd doftorRonifdf GldrBate, blood-pressure variations and

sleep fragmentation arousals throughout sleep and determine whether these said variations

relate to normal sleep physiology, or whether these changes suggest modification of
pacemaker control in order to optimize heart function, while at the same time minimizing
sleep fragmentation.

In another embodiment, the present invention has the capability to provide optimal
sleep during oxygen concentration treatment by utilizing cortical, subcortical, airflow shape
or waveform characteristics as a marker for optimizing the treatment. The present invention

can control the titration algorithm to minimize RERA and TERA while optimizing a subject’s
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5 phase and anplitude) can detect shaking, trenors and
ot her signs indicating appropriate drug wusage. In the
w@ ame/0s71Par ki nson' s and ot her di sease types tPEI/US2003/032170
present system could be progranmed to adm nister, for
exanpl e, adequate drugs to minimze trenors and
shaking, while at the sanme tinme provide the subject
breathid therdp§ € BhEFresint MvehliGERbIE the @ktécion dARERAarsd EERA by
~quality during the night that is nost conducive to .
monitezrhanyrgmbiratian of bepating pags onhose soumds.@ififiomerramessugssignals.
. o . . _
el e EIRASR LRSI bEOSARID SOCRRUE B yeniona
optimizatighySh10od gistdtuy efnsudljeey wiille miiaisizingenesals, An inappropriate

. analysis, storage and display capabilities. These
mixtupeQf oy gen andAits BAAEE Qfé@"%{tﬂ?&&ﬁ toy *bs“g}?ét %@i promote arousals, for
example S€ase or disorder being treated, along with each

subject's specific health-specialist requirenments for
i hfapproptiatergas ddiviery covdd hetnrmedanes machaneaborbaddimenh rgceptors

... S i [ .7, th Nt | ti i pcl ud
withirp B2 BRtienls brlihini pialpRIq NP GHIEER ToEReNPOSR SEsys CTERA). The
monitdfPofhE RGP tWalt Shdpe can bs Udas iprédidl €Y dnsBeGH iRfidente®f TERA

resent invention enables the detection of RERA and

or RE drallow the ks tegatraent de he gonseplighimsuch @ manngstgeminimize such

i Sa:nf OF: € . natively, nore
arous%%ﬁ%qﬁ%hs 1}11803@51?%3?1‘5&%%3%11%%@%@%6pl oyed. The present
i Véerd dnibdanah) s ptdientdnvendoh isoutilize® @s pyrtlyr diagriostic @bl for
ECG pacing while at_the sanme ting m_nimzing arqusals
detergpinesiesa siisordesgghhrrthing snd sioge gnaliter Thopresat iieAtion s@dapted to

L _ . C Lini L0 <0 N
record ks BUEEH ALER D1 Ba) e 0F G R e R B o e
or aropsabydlated physarlogicdl dhemantistatikticss Statistibreandoadsa@s saoh asf RAL AHI,

sl fragment ati on such as jnappyopri ate, pacemaker
RERA KI5} 810U S35 G CBPBRUENTh oF SPO ML P A SR Erprved from the
monit@fe@!;&%ﬁhn%ter?%d'rﬂh?s iRfoRS8Abn IsR¥REd fRAndi§sigl SO able to
nmonitor heart rate, bl ood-pressure variations and

s Ireess dmbagliraent ampnitored phiysitlegic matayesers monitersdaritich were

- termne et her. these .said variations..relate ta_ .
witiz<dp REfEing U RGeS MG 000 ke B G sk in e
analysi$! ODteSresBRtlinketinl caf aRb indledeesraplaical afd btatistidaNtodsdetiich gre

optimze heart function, while at the same tine

knowmrmihgagtite gnablg user fo mawpRlate andulispiay my defroerisrived values in a
' : : . : . L
meanFERIALRL In HRSHBOSAHL HOURBATR SIS ARSI SRR b
displayingahwelata ang theni dsingj vighat clues waharkshibe@ntrenal of aaievéitauch as
shape or, wayeform characteristjcs as a marker for )
arousql i era v dato Hde PressRitBYRIton can Alse Lkan PYRREAT FYsRts to gpecific
index Y2RES & gdrivEd VAhEAKhieh rél 3Ptk bRt A bhElegént RERA and
TERA while optimzing a subject’s -27 WO 2004/ 032719
PTH¢ bBgens! 88thiinthe foregaing degcriptionapy accimapapymgalnawings is

offered By Svay cFlnEnaRon Snll 15 AT R4 13N ardhn, Wi SAnikic iy embbdiment has

been shown and described, it will be apparent to those skilled in the art that changes and

modifications may be made without departing from the broader aspects of applicants’
contribution. The actual scope of the protection sought is intended to be defined in the

following claims when viewed in their proper perspective based on the prior art.
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nmoni toring any conbi nati on of breathing mask or hose
sounds, airflow or pressure signals. Alternatively
wore/0s0npr ehensi ve signals can be depl oyed. S&/US2003/032170
enabl es the conventional optimzation of bl ood-gas
status of a subject, while mnimzing arousals. An
i nappropriate 5 m xture of oxygen and air, or rate of
delivery of gas to a subj€rimsoul d pronote arousals,
for exanple. I nappropriate gas delivery could in turn
cause nechani cal or chemi cal receptors wthin the
What 15643166155 br eat hi ng anatony to activate sleep
fragnentation arousals (TERA). The nonitoring of the

1. A fbthbd ewmm%&fea& BauHSRYb b PatidrR dhé et BRHSEIng!

I nci dence of O or RERA and all ow t he gas

ﬁngegﬁﬁﬁggat&gﬁagv&pntrol led in such a manner to

€ suc arousals (while still optimzing
br eat hi. t.h . di. t t
DhoB e PRI A8 RO B LRSS (o
CBE ey bSO Bltabb 8 Bt Bt S Byt

nmeter, index or display, .in real tinme or on a replay

ordipgipedhy weatment lgvel o, gvaid grougdleep 15 or arousal

rel ated physiological data or statistics., Statistics )
2. Thgrigethedi ok eim g land Junthqr comprising ffatep mif detegmaniag ikan arousal is

fr ' ' e index are
cause o7 Fpha AT ALE (IRR) SLEF B MBI IBRLE | 1S
information is stored for analysis. In one enbodi nent,
3. Theonethod efl claiy dli, sthegdic the gep afredjestingrimcludes earywly wéatment levels
., were ugil'zed to.%ﬁtﬁgqgge the statistics and i ndexes
until afggatment devghisdetsrmiped Whighydges pgt cause aeufal the 20
anal ysis. The present invention can al so include
4. THY RRHoEIf Mifh Slald fktheAbohpNiss WY &bp AF QtdfiHgV e itkkatniént level
art to enable a user to mani pulate and display raw
whichdlgesinefrcadserarqusal.-val ues in a neaningful format. In one
enbodi nent, the present invention has the capability
5. Thgfmeﬁﬁl ﬁ&l AP &l?eWeigqgl@st%p gf H&ﬁﬁoﬁﬁ%&glu\ééﬂﬁ%hit&l{iﬁgegf {ftical or
mar e occurrencé of an event su as arousa n
sub- coAgal &twvilat a. The present invention can also |ink an
event or events to specific 25 index val ues or derived

val ues ich reflect the occurrence of . the . event. Th
6. Thigral eIsipch SHRETSin HiF P ST SR AERC e Shifi o alpha
or theBITTRAM Iy Yool b 3w BadiGrovdlifRigRehy way of

I'lTustratiion only and not as a'limtation. Wile a

particul ar enbodi rent has been shown and descri bed, _
7. Thetmethed obelaiap pawherein Bestepsad dsterminiag ineludge dgieetinghgdrop in the
hange ?ﬁﬁ7 nodi fications may be made w t hout
puhe%@%@%gﬁ% pbn1the br oader aspects of applicants' 30
contribution. The actual scope of the protection
8. The ongindd ofsclaimt Eradé dutieer kemgeifing edmputinghan inflex valwe figm a plurality

cl ai s when viewed. in their proper rspectiye based
of mogjforef gargpetsys ag}dﬂtﬂl-%t g XplS vaisdisemseto e 2170
9. The method of claim 1, wherein the step of determining includes comparing a patient

airflow waveform with a plurality of templates which depict onset of arousal.
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Cainms What is clained is: 1. A nethod of providing a
therapeutic treatnent to a patient, the nethod
w@owpndxing: setting a treatnment | evel; noni tECT/IISR083/032170
physi ol ogi cal paraneter that is an indicator of
arousal ; determining if the nonitored physi ol ogi cal
paraneter indicates onset of arousal; and adjusting
10. ThBendth@bbMElsim Il exed fuﬁ'l(heI&Mﬁhpi'ls’iﬂig)tlﬁEdddltibnafr fiep GEPRNIIRG a table
claim1l, .and furt her conprising the step of
correlafinges parAbiRatian of physiplogica nFeYe@ts teéamnwn aipatment pihg treatment
(HAR) or by the treatment |evel. 3. The
level ‘Lﬁéhﬂdﬁlﬁ?g%sl al mzﬂl wherein the step of adjusting
includes varying treatnment levels wuntil a treatnent
11. Thewsdthddsofdd4inr 1A, vdetrein ithehstejpef determinimgsncladesudesicting whether an
th further conprising the step
event BiSsqRir it et aeon 0N BYLE AifPoh Hoes ot cause

arousal. 5. The nethod of claim1l, wherein the step of

12. ThOiethotiofiglaim gl WHaSin e step bF ﬂ&eﬁﬁmﬁ‘@ﬁhctlﬁ@és Wilizingatient specific
cortical activity. 6. The nethod of claimb5, wherein

data tq detersning thagshalds &narensaly i ncl udes detecting a shift to
al pha or theta EEG activity froma sl ower background

13. Tf‘l% ﬁ%ﬂﬁ)‘&%f clafm lT%ef@:gﬁﬁ%teg{ offtie?érﬂrilm MeRldet @?Iﬁxg&rﬁﬁ%ﬂncal and

etermning’inclu ectlnga rop in
subcotticalhaitivity tandet¢rRiiig perbdicTleg mytment-wiated adwsals, and
further conprising conputing an index value froma

14. Fhecdtnglios T b e Eftheh SaRPB 1SR ad 3dioun' o9 i frpinine o
patien®6 siebpbtiteland WRIRing tieB@ndiit ewseafondqiaﬁemmé@ stdigl udes
con‘parlng a patient airflow waveformwith a plurality

npl at es whi ch depi ct onset of arqusal. -29 WO

15. Th%@i@ﬁﬁf@lm&%m}m@fﬁp of figtermfringrinchisigs deteeting Hehange
in me]asur@ grés%ﬁhf{argﬁgﬁi%&id%'lé\% s{,?&,lcﬁlqghftﬁ BQlld? %\%&(,J?I residual oxygen

rovi ding a correlating a co Ination
kvdsphy3|ological events to an optinmum adj ustnent of the
treatnent | evel which mnimzes arousal. 11. The

d aiml erei n.t.he _sten.o et er
16. ThE metimd o Bl Fag et hempasing Birarditjopalds o gtisfifing data o
a treatihenb d6ABS PEnaBRIBE tRAtnRRS UEWES to/ Get@iMIRS a tredtmd Parameter which
met hod of claim 1, wherein the step of determ ning

minimizes|apehsels gr sleepzbragthingtdisoiderspecific data to deternmine
t hreshol ds for arousal.

17. A method of controlling delivery of a gas to a patient comprising;:

monitoring a physiological parameter;

delivering gas at a set level;

determining onset of arousal from the physiological parameter;

determining if onset of arousal is caused by upper airway resistance or gas delivery;
and

adjusting the level of delivered gas based on whether the arousal is attributed to upper

airway resistance or gas delivery.

18. The method of claim 17, and further comprising using a forced oscillation treatment to

determine threshold levels for arousal.
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13. The nmethod of claim1l, wherein the step of
determ ning i ncludes conparing cortical and
wGeamsost7izal activity to determ ne periodic | eBCT/US2003/032170
novenent -rel ated arousals. 14. The nethod of claim1,
and further conprising the additional step of
determning a patient's sleep state and regul ati ng
19. Thé aRiHRNGS Hlaiwe 47 odhdafupBérd @niprisingd BeRdaitadhs. stdbof détermining the
met hod of claim1l, and wherein the step of determ ning
onset ofRespuateryiBffer Relpedarers@dhge i n measure of resi dual
carbon dioxide levels, residual nitric oxide |evels,
20, 19 ERRHE IS5 g R Somd o T it o o
obstruttivndéeprapneghygsdpacd.0 a treatment device to enable the
treatnent device to determ ne a treatnent paraneter

i C m ni.m z ar, | s or sleep breathj . .
21. THY s o i T BRI SR ogR i Y Rl B diyinge glurality of
entriecOWRich Aefin® 8h bR of ABVent IbAskd on® BétioTvali@s for a plurality of different
_physi ol ogi cal paraneter; delivering gas at a set
monit¢red physielegiealpanimeiersnset of arousal fromthe
physi ol ogi cal paraneter; determning if onset of
r.o [ S - e
22. Weikiofod ot SAHFER, Y HARE o Fupithly URLAKRIGE o8 SRyjustng the
pressubaked efthefdelitaed giebaedosan indexatdlud Berived fram apjeast one of the
ai riNay resi sé}gnqc]e or gas delivery. 18. The nethod of
plurality gf mpnijored RRysiQ|pgifalp f$si ng using a forced
oscillation treatnment to determne threshold |evels
23. Th®e®oR'6$ 8laim 13 0andQuARQHoRPaéhS RSN SLALEBRS §Rep &fality.
The nethod of claim 17, and further conprising the
additional step of determning the onset of
24. The msthosh afrojaips ?13 repd farther somarisins e stow of determipimgsheyies-stokes
. im17, and further conprising the step of
reSplragleoﬁerni ning the onset of obstructive sleep
apnea- hypopnea. 21. The method of claim 17, and
25. Thentdierd efokn $7,rapd fookérdongriainggivbwding\d tabledinking a plurality of
plurality of entries which define an.onsget clf an
valueseiyip the, 5lopHors Paramaters fo g YRS, ?‘@r“ aﬁb%ﬁ'ﬁltfﬂi § tQ ficcommodate a
paﬁenplgggﬁg{tg,rp[?,_ nmoni tored physi ol ogi cal paraneters. 22. The
nmet hod of claim 17, and further conprising the
addi ti onal step of adjusting the pressure |evel of

26. Theemgthodvefr daing 3, wderein dhe stapi ofodstermining indndssebigh rigndwidth
monit?e;gmgls ?)gls’%réﬁ)gvglvp%gfopr%s o?l r%%lu{'et %a%gfo%g ' o&e?e‘%mine arousal or sleep

raneters.
breathing disorders.

27. The method of claim 17, wherein the step of determining includes analyzing pulse transit

time, blood pressure, and ECG signals to determine the onset of arousal.

28. The method of claim 17, wherein the step of determining includes analyzing a patient’s

breath to determine a periodic breathing event.

29. The method of claim 17, and further comprising the step of determining the existence of

oral breathing and wherein the step of adjusting includes compensating for oral breathing.

30. An apparatus comprising:
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23. The nmethod of claim 17, and further conprising the

step of determning sleep quality. 24. The nethod of
wa@b@uwos2rT9 and further conprising the step of PCT/US2003/032170

determ ning cheynes-stokes respiration. 25. The

met hod of claim 17, and further conprising providing a

table linking a plurality of values fromthe

D Bns6X ol dpraétipRd siySioldgicil sigalpt , and updating the

table to accommpdate a patient's sensitivity. 26. The

met hod of claim 17, wherein the stquof det erm ni ng

i dtherapsutindeyiceavingianadiustale weatmer) lovelands | ow

wavef orms or pressure wavefornms to determ ne arousal

0f hfbfer %@ﬁl‘ﬁhﬂﬁbagbﬁ %ﬁ‘l? ltRe séhsor TRR1 TR RRGapgduti€! @iviBe, the

17, erein the step of determ ning includes analyzing
controplet mptechtmsdettect tanses, of irousd] o ther detecteddplBGElegical signal and to
. _to det e ons of arousal. 28. The nethod of
adJuSté‘ieﬁﬁII?ﬁnﬁrf C&ﬁ 8’1%r?r?“r§3 step of determ ning includes
anal yzing a patient's breath to determne a periodic
31. The §pahinidofR¥aiit30, Aerelibe MairdpRdtio Hevit@ism ghe delangly device.
further conprising the step of determ ning the
exi stence of . oral at hi ng and wherejn the step
32. Thegnparawiefickimife yh er@ ﬁé*mn?g‘tlf gFVies is1angniusion idﬁ ce
30. An apparatus conprising: -31 WO 2004/032719
33. Tﬁeciypmc@ﬁ%]ﬂp whereRFIRE Merdpluti€! 8864 isRGaRliac pacemaker system.
physi ol ogi cal signal; a therapeutic device havi ng an
adj ustable treatnent |evel; and a controller in
34. Thepppmiatesof ghlmwhandw@r@éhmpm@g £ Heemoryrdgpisa coptaining a table
t
comet 0 68 b ef BB G GO BRI A et Sl op S ool
adj ust treatnent |level to avoi d arousal 31 The
35. Taa pppaahtus of tlaih B0udDfurthbe c@npriding a temanyelsvice cdatainisg a table
is a gas delivery device.. 32. The a aratus of claim
correlajmg qnﬁ%tr%.afpwﬂé”liﬁh@% FPERRTIALe HeAER IFClan i nf usi on
device. 33. The apparatus of claim30, wherein the
36. Th@ %&?&Hﬁ bEcIdRY 36 ewh@relﬁ tRE LM RSP ACASRKSIptNS [pRélict tRE onset of
e apparatus of claim30, and further conprising a
obstrun’mroslwmhmﬁzrhymmtal ning a table correlating the
values of a plurality of physiological paraneters to
37. %f%eﬁggfaftusagp lréﬁ%%“.‘ 303§vhe;r g tﬁ@%@xﬁ/@%? 6% L s%l fd E?eg QO faém a test
varyingQfeatthedit 1¢vel mnfeednnﬁfe saﬁsitma) ofpatientt tl&ﬂmiidmpfdlaﬂéd?arousal.
treat ment Ievel 36. The apparatus of cl ai m 30,
wherein the ntroll .S Iso ad?tedto redjict th

38. Thesanpagatus 86§ am 39, dﬁhﬁg?lget &BHE‘AI apted to momtor sleep
quality.

39. The apparatus of claim 30, wherein the controller is also adapted to create an index value
from a plurality of different physiological signals and to adjust the treatment level based on

the index value.
40. An apparatus comprising:

a plurality of sensors for monitoring a plurality of physiological signals;
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37. The apparatus of claim30, wherein the controller
is also adapted to performa test varying treatnent
wo ewelo32709 det ermi ne sensitivity of patient to PCEESI0831032170
rel ated arousal. 38. The apparatus of claim 30,
wherein the controller is also adapted to nonitor
sleep quality. 39. The apparatus of claim30, wherein
t Derdeestbf alidpesd ioSdeMdct an MRt Fhrd1®al fro@t the Plurhltg e physiological
] value froma plurality of different physiol ogical
signalgj gnal s and to adjust the treatnent |evel based on
the index value. 40. An apparatus conprising: a
. _ . . ity of
1. TR HipBhlslo A afe REfrehhe SRR 0008 B0 b
PCT/ US2003/ 032170 a processor adapted to detect an
42. Tmapparavds cfrcbaimad0, wherein the sgrisar micludgs BM(hsgnsons! ogi cal
signals. 41. The apparatus of claim40, wherein the

ensors | ude, FEG sensors. 42 . Th ar of
3. TRCRRR S Sttt e OB o B BB B O s
The apparatus of claim40, wherein the sensors include
44. The appahtevefsdaignd0, wWHereihhthe apsatainttudefancE@GMN3edfyr and an SpO,
wherei n the sensors include an ECG sensor and an Sp02
sensorsapfierein dhaaresser 1t #aplsdde salsplate Bl hgapt ed to

cal culate PTT. 45. The apparatus of claim 40, wherein
45. Thd'Spahssldifdol dBeRil R YR8 iht108e 8 88&PHositfith selddR.
apparatus of claim40, wherein the processor is
adapted to test a patient's sensitivity to arousal. L
46. Theapparatuspideiat 4 vderain Hierpracesseirs adaptediertest @rpgtipngi snggnsitivity
nory device adapted to store values for
to a“"gﬁ%g'ssi ol ogi cal paraneters that indicate arousal for a
particul ar patient. 48. The apparatus of claim 40, and
47. Therdppatatusafitlaisi #@ adnfartherycobeprisieg a andmoryategice ddhpted to store
processqr is adapted to, store the physi ol ogi cal
valuesstﬁgalarssocipml ParaREDP thatipdicale argesal e p&ﬁwa?aapa%en&f
claim 40, wherein the processor is adapted to display
48. TheWpParhfis ¥Taifedd, YaE it @mprsRiP 4 ARy 3bALUn@akherein the
paraheters according to user selected formats. 50. A
procesgersis ddaptedtostete iecphysiotagidat sigyals in thie memadry devte.sensor s
for nonitoring a plurality of physiol ogical
araneters:.. .a del Lve Vi . ] .
9. TR RRRRBIC s Bu 0 SRt 5t S BT tigptay raw data and
derived QfidenBs frain thephysidlogditel patiitedirs attdrding tadsr stdddtadefoymats.
device, the controller adapted to determ ne onset of

aroysal resulting fromRERA or from TERA, and to
50. A gas delivery device comprising:

a plurality of sensors for monitoring a plurality of physiological parameters;
a gas delivery device having an adjustable pressure level; and

a controller in communication with the sensor and the gas delivery device, the
controller adapted to determine onset of arousal resulting from RERA or from TERA, and to

adjust the pressure level of the gas delivery device accordingly.
51. The gas delivery device of claim 50, wherein the gas delivery device is a CPAP machine.

52. The gas delivery device of claim 50, wherein the gas delivery device is a ventilator.
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adj ust the pressure level of the gas delivery device
accordingly. 51. The gas delivery device of claimb50,
woberes2114 he gas delivery device is a CPAP nmachimEs2003/032170
52. The gas delivery device of claimb50, wherein the
gas delivery device is a ventilator. -33 WO
2004/ 032719 PCT/ US2003/ 032170 53. The gas delivery
53. TIRViaEdelives! @dvieeDBf clohierdi RvHelin IS gl HEWREY de@i¥é G& ah oxygen
an oxygen "concentrator. 54. The gas delivery device
concemdfatest ai m 50, wherein the controller is also adapted to
obtain and store patient-specific physiologica
. ' i ndi_cat :
s4. TREERIBIOLS, dlce 0r chith 38, Enb:bfh B8R4 lorl A5 Blapicdto obtain and
store patieritaspedific physielogioalpaconerers iwdadheindichte th¢ bisetofidrowhl. er
utilizing a wireless technol ogy. 56. A drug delivery

aratus c risjng: | yrali f sensors; a drug . .
s5. THEBR AR sacdniie ahaimg byt Mo Sral i Sigepiars upipinicate with
the cohtRIfdr iutiﬁﬁﬁé% vARIMSs @dchfSlogy communi cation with the

sensors and the drug delivery device, the controller

adapted to adjust the drug delivery |evel based on a

56. Ashing deltvery anpawpussompsising7. A car di ac paci ng system
conprising: a plurality of sensors; a pacing device
hpiuralidy afseasjreist abl e out put control; and a controller
i n comruni cation with the sensors and the pacing
dediugealelivéry deeict havihg an adjdstphle drnigndedivprydevdlamdout put
of the pacing device to mnimze arousal. -34
a controller in communication with the sensors and the drug delivery device, the

controller adapted to adjust the drug delivery level based on a patient’s sleep state.
57. A cardiac pacing system comprising:

a plurality of sensors;

a pacing device having an adjustable output control; and

a controller in communication with the sensors and the pacing device, the controller

adapted to adjust the output of the pacing device to minimize arousal.

-34-



