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The apparatus may be used in various configurations for applications including,

inter alia, depth of consciousness, depth of unconsciousness, depth of
20 anaesthesia, state of a subject’s alertness, depth of sedation, hypnotic state,
state of concentration, state of vigilance and state of attention. In a particular
application, the system of the present invention may be adapted to monitor a
subject for depth of anaesthesia and/or present state of consciousness during
anaesthesia administration so that eg. the subject may be properly sedated
25 during a medical procedure. In addition, various data collecting and processing
techniques are described pursuant to the systems of the present invention, as
well as dynamic, re-configurable and adaptable display configurations for such
data. An operator may reference such data as most optimally relates to the
application (or applications) set forth herein in readily understandable format
30 including suitable alarm signalling, threshold monitoring and the like.

The systems may utilize sleep analysis, EEG bispectral analysis (incorporating
bi-coherence) and audio evoked potential (AEP) analysis in an integrated

fashion for improved monitoring of, inter alia, a subject’'s consciousness, audio



recall. The nonitoring systens preferably are arranged such that associated
physi ol ogi cal el ectrode attachnments are mnimzed. 5 The present invention
i s rel at ewtotoo/18026t ens di scl osed in PCT application AU99/ ecIediotidwd on 24
Decenber 1999 entitled "Vigilance Mnitpring Systent, the disclosure of
which is incorporated herein by cross reference. 10 BACKGROUND OF THE
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5 upon the central nervous system by reacting with membranes of nerve cells in
the brain in order to shut down responses such as sight, touch and awareness,
but the precise mechanisms and affects of this sensory process are still a
subject of research.
20
In Australia about 1 million people a year undergo general anaesthesia. Of
these 1 million people about 5 people die each year, as a direct result of the
anaesthesia, while about 3000 more will be inadequately anaesthetised. These
inadequately anaesthetised people will experience a range of symptoms from
25 hearing recall while undergoing a medical procedure, sight recall from
premature recovery and the early opening of eyes, stress and anxiety from
experiencing paralysis. Some degree of mental awareness to the medical
procedure being instigated, memory recall from having some degree of
consciousness, and operation mishaps can occur in cases where the subject’s
30 state of paralysis is not adequate leading to movement of the subject’s body

during incision, for example.

A typical general anaesthetic procedure may involve a pre-medication or
sedative, after which the patient is wheeled into the operating theatre where the



An intravenous cannula is then inserted into the patient's arm and a
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of the present invention nmay neasure not only the state of consciousness
of the sentient subject but also various states of sensory systens. In
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20  monitor for “shut-down” or unconsmous state of neural recall (including state of

hypnosis, unconsciousness and sleep), auditory recall state (including Audio
Evoked Potential and complex frequency and sensitivity state), muscle
paralysis, movement and arousal state (including arousal and body movement
analysis), visual recall state, (including eye opening and eye movement analysis
25 state), anxiety and stress state (including temperature, blood-pressure, oxygen
saturation-SA02, heart-rate variability, skin galvanometry resistance analysis).

Some prior art systems provide analysis of unconsciousness state (Aspect
Monitoring) and other systems analyse electro-encephalograph signal activity
30 (Physiometrix). Moreover experiments have been conducted and apparatus
devised to monitor audio response (Audio Evoked Potential) together with a
range of neurological analysis. However, the working of the brain’s responses
to anaesthetics and subsequent “shut-down” of the body’s sensory systems still

remains a mystery.
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These earlier techniques were utilised for defining stages of a human'’s sleep
and were predominantly applied to a subject in sleep, as recognised by
25 conventional stages of sleep including stage 1, stage 2, stage 3, stage 4 and
REM sleep (as distinct from hypnotic or in-depth of anaesthesia states). In
particular the first stage of sleep detection with R&K standardised sleep staging
techniques relies upon specific physiological sequences of events, such as the
subject’s rolling of the eyes or slow moving electro occulogram and changes in
30 the electro-encephalogram frequency spectrum. It is apparent that significant
changes in human physiology leading to the subject entering stage one of sleep
represent a dramatic change in a subject's state of consciousness. This
dramatic state of consciousness may be too late in detection where the aim is,
for example, to determine onset of a lack of vigilance for a pilot of an aircraft or



consequences can be devastating. Side effects of consciousness while under
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20 other bicoherence and sleep variables from the subject.

Until now there has been no way to determine whether a patient is asleep
during a medical procedure, according to University of Sydney-Australia’'s Web
site, introductory paper on anaesthesia (92).
25
In 1942 Canadian anaesthetists discovered that neuromuscular blocking drugs
could be developed. Sir Walter Raleigh had known in 1596 that the indigenous
people of Bolivia had been using an American plant derivative called curare to
cause paralysis. Since 1942 these drugs have revolutionised surgery,
30 particularly abdominal and chest operations where muscle contraction had

made cutting and stitching almost impossible.

By deactivating the muscles, anaesthetists can make lighter and safer
anaesthetic drugs whilst still keeping the patient unconscious. These muscle
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The challenge io monitor for appropriate or optimum anaesthesia is
demonstrated with classic experiments such as that of psychiatrist Bernard
Levin in 1965, when 10 patients who-were read statements during anaesthesia,

25 later had no recall of the statements when questioned after surgery. However,
of the same patients under hypnosis four could quote the words verbatim and
another four could remember segments, but became agitated and upset during
questioning (95). An adequately anaesthetised patient should not “feel”,
“smell”, “see” or “taste” anything until they regain conscioushess (96).

30
in 1998 Dr David Adams of New York’s Mount Sinai Medical Centre replayed
audio tapes of paired words (boy/girl, bitter/sweet, ocean/water...) to 25
unconscious heart surgery patients. Approximately four 'days after the
operation, the patients listened to a list of single words. Some of these words



replay as evidence of the state of the subjects auditory system throughout
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may occur witthpalienedying anarsthgsidur Thi§ maxd¥eydsi monitoring and a means of

replay as evidence of the state of the subjects auditory system throughout

20 anaesthesia to reduce the risk of auditory recall.

The HCM system of the present invention may provide a method and apparatus
for monitoring and/or analysing a patient’s eye movement and eye opening to
minimise or eliminate the risk of visual recall after anaesthesia. |
25
The HCM system may provide a method and apparatus for monitoring a
patient’s stress and anxiety levels together with a range of vital parameters to
minimize the risk that the patient is undergoing undue stress, anxiety and health
conditions during anaesthesia, and subsequently reducing or eliminating the
30 incidence of these states.

Previous studies present a relationship between human treatment and changes
in physiological states, as associated with anxiety or stress. In particular such
studies link respiration rate, skin resistance and finger pulse volume to anxiety



25 The HCM system of the present invention may al so neasure, analyse and
display in near real-tine graphical or nunerical representation of vagal
nodul at i omoa/1beaert -rate period. Furthernore, the HCM sysPEmATAY/0MEaSUr €,
nonitor and anal yse this variabl e whi ctg may be represented in ternms of HRV
frequency de-conposed into various frequency conponents; ie. LF-.05-.15Hz,
30 HF-. 15-. &%), Othergstagiestpraseninedigtonshipstetwaenpsalivany cantisohdevels @idor
ot her graphical, and tabul ar displa ma%ns t 0 _assis (%2 anaest heti st or
ot her nedi c8FtV! %?@?)Warmr‘%gﬁgﬁ cardiQygseilar actidly R44f anaest hesia. WO

02/ 100267 PCT/ AU02/ 00776 9 The HCM system of the present invention may
record, nonitor and analyse in near real-tine effects of bl ood&R/ressure

and heart r8tujiearalse sy raiationshipss betveem tiead: wite ofariapility HRV )amaidet y

occur it n° peane: el AnRgRLaRT RetoBNEH eRRaTrhbE AN, AT SiecH Brogds, ™
sl eep nedi cphsssufe BAH Heafiiass, dritl actvitie¥dasBoctited withyinogaskbd sess (8856,

physi ol ogy. The degree of "inter-scorer” agreenent in determning sleep
cl assi fi cat Péh oYagrlnmedpiafionopbheartyats pefiedovaefound 40 be samsdiverty a

Moni t ori ng nal ysi at f L.€ i : he s
troatment . PaRe astRe) ey o Btk plestHt /BRIBASARE Bebben 2
depth of apakjettiebloadgiressyrermrichiheant raterand sciivifies assucidtedevitiLinerexfseidcacy
of the patient's _.anaesthetic treatnment. To this end, accurately defining
t he meckhni skgss (iggquence or sensitivity of the sentient mind "shutting
down" or re-awakening as 15 associated with vigilance or response to

adm ni stration of anaesthetics including the mnd s recall of such events
i s i nport anTheddChhsystemefdhe ipnegenddnventionrmay oeasufe,anadysenand dispiaynins .

The sci ence_and know edge,associ ated.with sl eep.. staging or i

uran st eopnEar WAIMS QRHGA IS i sicd! vep EreRBind SR Cras BHCH Mhg¥e
mechani sms ghtshA) Pilde ERIMSRIPNS ADBsall 'DIEEd tiresduie, iHealO raeparizet it the
sci ence and know edge associated with details and the sequence of

"shuttitfy duanabilly sodslempesabee. afdrihermars dhgor-Myaysten mayc MRASWE:
sight, hear h{bg@tgf MEd a naffy?‘s,:ﬁc't%%eﬁér(iﬁdfgs B%ﬁg:ﬁ?%ﬁt' Yht Ynd¥x nslother

necessary t d pote recal S experiences associ at ed
wi th anaesghsishical argl tabuldr disglay invedns, Yo asgistan anaesihetisboc ether 2bedibal HCM

system of the present invention recognjzes the, prior art lLimtations, and
addr esses tﬁ@FﬁWebW?(ﬁsﬁSS%I“@%?éﬁgﬂheéﬁs Hﬁ?thb%fl Whﬁﬁ‘%d to nonitor

20 The HCM system of the present invention may record, monitor and analyse in
near real-time effects of cortisol salivary content and changes thereof as an
indicator of stress or anxiety, as may be associated with increased heart rate as

may occur with premature awaking during anaesthesia.

25 The HCM system of the present invention may also measure, analyse and
display in near real-time graphical or numerical representation of vagal
modulation of heart-rate period. Furthermore, the HCM system may measure,
monitor and analyse this variable which may be represented in terms of HRV
frequency de-composed into various frequency components; ie. LF-.05-.15Hz,

30 HF-.15-.5Hz, using spectral analysis; and may present an index and/or other
graphical and tabular display means, to assist an anaesthetist or other medical

personnel in assessing a subject’s depth of anaesthesia.



and anal yse conbi nati ons of a subject's sensory systens during, inter alia,
an anaesthesia procedure. 30 The HCM system may i nprove the probability of
det er m niwQ ov1802b] ect’' s consci ousness by appl yi ng two or Pagravoeaaependent
met hods of analysis including bi-cohergence based anal ysis and Brain Stem
Audi o Evoked Potential or Steady State Evoked Potential based anal ysis,
and ar bi t r aThad{Cht systemDihelg@26emt uehilan a0 Reerd,Jnootiecaindgnalyse in

integrating results of the t or, more net hods qf anal ysi S usi a further
| ndependent i irartate etiesis AP PRsSHEANE Daaftraft Bntiionbls Wethes ot

i ncl udi ng oghiiplictbridr SPEG 6EhNABE ¥SimayaBe ARIOCESE WitRhMRBPn bRkE

anal ysis, to inprove accuracy in determning the consciousness status of 5
t he subj ect prassutonanchcheath @ieh agetaayri osavg With Poervaiuse sawakingt guliadof

t he sutg ec% %t}ﬁ i)ést em may anal yse consci ousness/ hypnosi s/vigilance with
the aid™ no P? T ﬁ% and anal ysis of brain waves together with various

conbi nations of sensory nonitoring and anal ysis including auditory, nuscle

novenent and/or arousal including m.crao-arqusal, eye opening & eye .
novenent . 10hex %fefﬁaf'%'ﬁ'eﬁ)feﬁ?,epmme@?'%ys d}ﬁti PIe&IS8) IMH ECPIHEY W eguarifying
dept h- of - an j ' i ViSk S s O Radah ibin |

anxiety & sﬁgg{ggeﬁ% eIPE? thggyt rW‘re Z%%rggﬁkéﬁf?i%ﬁ%gpvano%ﬂén g%fér{Hﬁﬁng
resi st ance, skeeppelassification esfp huatanophysibgy és icibtie toydemdf blBbdd pbeSsur e

d/ t, ti . 5. The H t f the, ' ti
oo O e e o R T B SRR A R LY
subj ect’ s CARACKAHSIATtS kBbratd NAGRANMAOhORT WA Siticht§abiagy abplrptical

sensory status or t ubject. In this context critical refers to sensory
syst ens t haanaesthesiat afcaiy point in Hingi isiimgortast to srswe efficacycel therpatiand's

experience Qr_sepses,, associ.ated W th ' r '
anaest hesi a?“%ﬁsgtﬂ‘éﬁ%bﬁ%‘?‘i‘%ﬁs -'ﬁq t‘mﬁ ﬁr@r g&gcgﬁg@g %ﬁ%ﬁpﬁwﬁﬁag%gﬁém S
may i ncl udes@quéidvoss@isifivity ¢Ff the eentientc@iid ‘BHURINgSEIVAE oroe-apeikering e
systemw th one or nore 25 channels of input data froma subject together
wi th a tangassaciaigdiwith vigilangasoniesppnsa padminisisatianefrangeskhatiss in@udinexi t v
of signal gmga ubj i ieL t f idiRfohor i ng
i ncl udi ng %Heea ur a%‘}r(e)%éﬂ()#:h%ﬂ&()%gﬁﬁ% fsolr?t' é}ﬁ—t trf{)l]sﬁﬁgausr S c(?tgc?%% ?M&n?'ﬁl foh
admi ni st r at obranzlestiveties bhjentsa The ractarioe padakpswkedge associated with sleep
staging or scoring of human sleep is still relatively primitive in terms of
understanding the mechanisms of sleep and consciousness. In particular it
20 appears that the science and knowledge associated with defails and the
sequence of “shutting down” of consciousness and human sensory systems
including sight, hearing, smell, consciousness and muscle activity or arousal
necessary to avoid potential recall of a patient's experiences associated with

anaesthesia, is still relatively young and inexperienced.

25
The HCM system of the present invention recognizes the prior art limitations,
and addresses them by providing a system which may be configured to monitor
and analyse combinations of a subject’s sensory systems during, inter alia, an
anaesthesia procedure.

30

The HCM system may improve the probability of determining a subject’s
consciousness by applying two or more independent methods of analysis
including bi-coherence based analysis and Brain Stem Audio Evoked Potential
or Steady State Evoked Potential based analysis, and arbitrating, cross-



medi cation to the subject, the skill and training or experience of the
user, the 30 sensitivity of the subject to anaesthetic or nuscle paralysis
medi cat i owp oanab26vari ability of different subjects in rel CTrouoR00776
susceptibility to premature amakening,ﬁy consci ousness including recall of
auditory or visual stimuli, anxiety or arousal. WO 02/ 100267

PCT/ AU02/ 00¢Réckidg amtentdgrating tesults fof theetvwy es mure inmetands of amalysisrusingla

uni que wireless cannected el ectrode ste to reduce conventional_w.ring
and 1 sk of RIETarAGPBRGHEMS TeIneb A FRG: AREBSIS, VRS GPECliE] BROL AR |
data may 5“9%@!@[3', %J:Md?ﬂbf Bptimid&N bi-8pedil UnzWs Ve oAt RIS Afeap-ed
with the nonitoring system To the applicants know edge, no one has |inked
critical pamwaketanadysisich imnproxs gheyracy e daiedmiiing dhhe gopagipusnessestatus of

sensitivity,and i ghti ng of t h..of, an . ia itoring. .Jrhe
Syetem of - oI SHBRRD dhroindiBR, Wik csBaRRhE e ot TR Aat Ot s g
or sensiti visuljeef, thé@yaeah widysahalysd eonduicusteesiyphopRIidiRireewittbiengid
moni tored. An ‘exanple of this may include the manner in which the vvelfght

or sex of amamioEng aid apalysisnel biRin mEvepdagether vt ¥atiews cembitatighs o

thet i _ T _ | g ; L
ata associ SEase PRAIAT df SXhATIRuING, AIFRRE muBEIABRERY difior °°
t hreshol ds aryudatinefljdisg eticfo-armusaheys vheaing & eyemeovexrent.| n thi s cont ext

"utilisation" of data refers to conpensation of critical display threshold
| evel s d sensitivity of various user displays. In other-words the user

di spl ayed t i ﬁ{ai,d i i'rﬁi’éd' i it oYL be
changed in %§%¢Eg@%ﬁﬁ®§&ﬁ I C IO%%&\réﬂgxﬁagnf) é, éqlﬁﬁgeztﬁlbg?h%%ﬂgé?lﬁesi a
moni t or i ng) memiteiing \vand analysis determimatiion; tirclude aypiaty . & sbastdevels] beartode

connections_have heen applied in the past .to nonitori appli.cation
associ at ed W hveﬂ?glﬁtys gﬂ 9[‘8%@%@\? [)%ﬁ’s&%?eeré?mﬂswga'& g‘%%)'r?gg'ﬂr St.faem
Wi t h surf acQaghisikly rAREDIEOAFRESS BNt )G eh RatsEBbnt y of the connection
to the subject can deteriorate due to a nunber of conditions including

patient1Ssweat, novenent or drying out of the connecting el ectrolyte

sol ution be e I d L.ect. pr el ec uglity
may be m)retrﬁgi FliC al &?&né&agﬁtﬁga? @ﬁ?s‘ﬂ‘c’:%ng)g tnﬁéyseﬁ%{gé%c%rgtéed&%\?\n&ttu% ?AH
i nt ensi ve caichiteridg 0aralgsingg réderdingeariDrephwing ansuliject’'s bemsdicusniess Gate Wit h

depth of anaesthesia nonjitorin stens.  To date, no e has, use ]

connection # CP@HUﬁdeHhtW'@l E‘&tﬂ‘?agdié?"oﬁlﬂ‘iﬂlré@ﬁéo%ﬁqait%f)?g?? &PB@PEC(I?IP 4bis

connection gyaleht ¥tk réfers 96 skABoAsy SRS thdt Utk Icfiical for minimising the risk
20 of recalling the experience or senses, associated with a medical procedure

while under anaesthesia.

The combinations of multiple sensory monitoring and analysis may include a
provision for a user to configure, select or operate the system with one or more
25 channels of input data from a subject together with a range of system set-ups or
montages, consistent with the complexity of signal attachment to the subject,
the critical nature of the monitoring including the duration of an operation and
risk associated with adminisiration of anaesthesia or muscle paralysis
medication to the subject, the skill and training or experience of the user, the
30 sensitivity of the subject to anaesthetic or muscle paralysis medication, and
variability of different subjects in relation to susceptibility to premature
awakening or consciousness including recall of auditory or visual stimuli,

anxiety or arousal.



| npedance neasurenments and ot her signal validation techniques (refer Fig.
18 - MFD Bl ock 7) including automatic substitution of poor el ectrode
connect i owe 0927 100267 PCT/ AU02/ 00776 12 with redundantPCarA®pasE6

el ectrode connections (refer Fig. 35 - ;JAMES or Fig. 37 - ISES). The
system of the present invention may include redundant el ectrodes together
wi t h i nt egr #hedHESMcsysidem of nther presehtwinvehtios/ mayhprayddd | enigle cwiretbss
sensors to mnimze the nynber of electrodes and sensors.(as few ag 3
sensor 5 el EeRNeied piPclBAR SYIEMISdAt 53‘5)"1“0& qeayeRtiqna aWé(é’Q h@’g’va”é( of
nonitoring @ﬁfénlg?é?ﬁéﬁlsi s (where the quantity, reliability and sinplicity of
el ectrode-senso attachnments may be highly critical) including nonitoring
and anal ysis of physiological states such as mnd-state, auditory sensory,

vi sual nspry, arousal sensory, anxi.ety sensor nd_vital .states, Eye
rmverrenf?’e seﬁ%@fo@? éﬁ%{ﬁnﬁ%s ﬂﬁa@%y&f ?‘@ﬂ)e?%%%ﬁn‘f %ﬁéﬁ%)s%ﬁnt@wc?ﬁ% es
(such as EGHoritarfg R ehaisrinidthddieadasdiatb@witetrRCinoRBoBNE syseve Tiatther
eye-lid novenent respecti'vely. However one problem associated wth depth

of anaest hespplicants tkopwigsides nchaneJuate lipkad sfitical parrBeterseskghuAs| Yeight,

during a meg] PEIH A +Of C d | si ng
iews and saSANEREX B Pttt PENR' ald BieRifiDgcE ot of BndehbRas
exi sts wher gmdnitering! i Fig HOM slysteng af résers usVeritiont may dsclude abapdbilitgste an
obj ective and accurate recording of the afient' state %d@munt f eye
openi ndlOrayagiept weiahtiagt or aersiivibnot ia aBeYsito fe BBuFolgicalinaspmeters, ¢
an 20 eye-o0 I\N f I t; t

pr esent inggf{r;lﬂ i@@ﬁgﬁrw%gagﬁ ozqgfe%nrsno f(\re'é‘fdgrmﬁkﬁgr@ﬁ'ﬁ@d@%hft@r@

det ecti ng i weightcad sbx aifeal subjectr affecte gheeoptimaly bang eofi cancstratisobplean. |1 n
accordance wth geperal literature a predom nant prior art nethod for 25
det ecti ng aﬁﬁ%%?tﬂﬁg?ég?gt'bi -coherence anal ysis of EEG waveforns. Aspect
Monitoring, which is a main supplier of in-depth anaesthesia nonitoring

systens deploys this technique. Aspect Mnitoring has trademark
appl i catd on§hediCHl systamdofgthespresentainventiex mesi utlisedatalasspgigied withdded on

t he techni que_.of, hi - al YSi: | QR t g 1n the
transi £1 on Siogh A ARARE SEEaMIRL K abreHHnCHREedd Bl be tucteR forn
unconsci OUsBAES stibjegPrioCiBISNSEs |1 nkisOgohiXt “utiBsationdnof i detar réfeenstot i on
in relation to the generation of electrical brain activity. .
compensation of critical display threshold levels and sensmwt\{/ of various user
displays. In other-words the user displayed thresholds and associated
20 variations in sensitivity may be changed in accordance with critical (for example,

in depth of anaesthesia monitoring) sensitivity to certain anaesthetic agents.

Surface electrode connections have been applied in the past to monitoring
applications associated with various physiological parameters. However one
25  problem with surface electrode connections is that the quality of the connection
to the subject can deteriorate due to a number of conditions including patient
sweat, movement or drying out of the connecting electrolyte solution between
electrode and subject. The problem of electrode quality may be more critical in
applications such as those associated with intensive care and operating theatre
30 environments, than is the case with depth of anaesthesia monitoring systems.
To date, no one has used connection of redundant electrodes, automatic
validation of electrode connection quality and validation by way of routine
impedance measurements and other signal validation techniques (refer Fig. 18 -
MFD Block 7) including automatic substitution of poor electrode connections



Accordingly, the bi-coherence nethod of nonitoring EEG has been shown to be
WO 02/ 100267 PCT/ AU02/ 00776 13 an affective nmethod for predicting the
state of wongadesness and the subsequent state of dept hPofi/Admaestbesi a.
However, even with inproved anal ysis of,,EEG data as descri bed above, 5
another prior art limtation exists. This limtation is related to the fact
t hat whi | e withaedondamteat §pafqmtrtmdaradmmleaﬁmsa(qursﬁig. 85 - IHGESadaFiga 37

i d d hod ' f
Consci ouenes SERE e S5 of fereratinkanich, fRy E9kud S Ent pircrones
provi des a_ fHjefndr\lit IFbhived ERREUAE.sehsérs iRl Rfrblesshbainubhbib disdfode-

unconsci ousnéss to consclousness, whil EEG based bi-spectrum anal ysi s
provi des a SENSOTs 6 onininize dhensamies of emmdea%dmes%(as&emaaansgeness
Accor di

HCM system of th |.on tically
ot ect whet REEBHES a; Fame pophliente] 35 Aot b et drhaEHng aha
unconsci 0US§ﬁ§I§/si%r (Whéﬂa WﬁéSQUéﬁmyW&ﬂl@mmWaﬂd wihgllitity - obi slecesdarsemgt ysi s
(bi coherence/ bi spectrunitrip ﬁro duct) or AEP analysis 15 (such as Brain

St em Audi t oRijaEvORBIS ma)enbe almg thEpylcalbslﬁ@lémr\ge|monl’nr@gH@n s,fa@sa!ws of

addresses t of, e.pr y K I s a
type of Qﬁ é'b@g Ct%li %{Se[ réstulhﬁn Qaﬁég{qt @% %‘?ﬁs(ﬁg‘h N QP a ys
type is optarmisal basmtypanxlb’@'sawsquancanntaSemmCe of anal ysi s change 20 or

transitjons. For exanple, R&K detection of wake state, suggests a probable
transi t1®n from consci ousness to unconsci ousness, which in turn suggests

that (e oRYbMHo\RindsiIREs! @0th s iessns C IS NGSTofoRt SscbRE)TaRA! | On

shoul d be om B i -spectr ana ysi s incorporating
bi - coher encelectrodey sssich| as O rbave bR&X dee@crm the gfash fer mpe@m @yest age

1, 2, 3, 4 t ble t ]

inconsct ousmevEmast o5 SYETRL SheeRt fpRLydly ¢ HBSieE gneTOb R St ige o
hi gher wei gfith e of aRBesPesRERBNRGMEIs Hat SoMeNRiticalts aRakes prRemarirelyed
from AEP anal ysis. Barr and col | eagues describe in British Journal of

Anaest hési aduiiing: 20wglical)progedwe @uha@pening phiu eyesiganuiead toodigieesiagdept h

f h d
bypase. sur gBPys AR BRY tecdtodr Bt RERIEScEABAERES) 2 FRfhei bRt
consi der abl gxidty where umeputuem&?y/ !m)gh?céﬂnP@Wéh\uaé’Va@»eégGm WhuSt roasag aand

col | eagues descr.ibe in Anesth Anal Apr|I t hat  bot | P. and
AEPi are rePPigstiee Aichacerratayseesing ¢fi he P@U%"gt %ﬁtq} Mt a Sk e¥6r i ng

opening may be important. A system that allows the user to calibrate such an

20 eye-opening sensor would also be of value. The HCM system of the present
invention may provide such a sensor (refer Fig. 34 - EOS) for detecting in a
calibrated manner a degree of eye opening of a subject.

In accordance with general literature a predominant prior art method for
25 detecting anaesthesia is bi-coherence analysis of EEG waveforms. Aspect
Monitoring, which is a main supplier of in-depth anaesthesia monitoring systems
deploys this technique. Aspect Monitoring has trademark applications for BIS
and Bi-spectral index. Bi-spectral Index is based on the technique of bi-
coherence analysis.
30
Functioning of the brain in the transition of states from consciousness to
subconsciousness and from unconsciousness to consciousness is recognised
as a non-linear transition in relation to the generation of electrical brain activity.

Accordingly, the bi-coherence method of monitoring EEG has been shown to be



propofol infusion. However, AEPI proved to offer nore discrimnatory power
in the individual patient. The inplication is that both the coherence

i ndex of wbe280ebectroencephal ogram and t he auditory evokedTpatentizal s

i ndex are good predictors of the |level,0of sedation and unconsci ousness
during propofol infusion. However, the auditory evoked potentials index
of fers bettean aﬂaetlvde nimedhad yfopopesdictmgddber stategof heortscansnes®nafid othet he
conscious to c SCI ous st in,the individual patient."” 10 Gajraj
RJ descri bes! ﬁe%"?"i P”%@é@@?ﬂem a May 1999 (3), "Conparison
of bi-spectral EEG anal y5| S and audi tory evoked potentials for nonitoring
depth of anaesthesia during propofol anaesthesia.” In this study, Gjraj &
col | eagues d—dnvaeéd eNBB mlgl troprpvedorealypist ehtEEE dalders( AESli:rl’mBéix)abSDBeand

bi - spect i in

obont ancBus ATOHTES g 2t (Rt pkBtg. BB ithudh 8 18ERA &5 ik et that et
AEP- | ndex wWehe cfdnﬁlﬂhéd Cf?élﬁdehdyl gAEr phdsan apblysiav 6f msvaémemai;%rd\@de an
unconsci ousness but this was not the case for BIS. BIS |ncreased gradual | y

during ener dartved: Bathashios reRifaiingn Patigntisslate Bf eomsciouinessoit hiasdiean 20
f P I
oo eEY ot SETRE AP AP T S SR BRI AR e

rom unconsc
Gajraj RJ, desasurdesaisubRrct's tmﬂnﬁrdmmnbaaﬁcl(aaﬁ)ess térednseictisnéss, vehilEEG

bi spectr itory evoked potentials and the EEG vver spectrum during
25 repe?a(bled %&rﬂﬁﬁeﬂoh‘ssﬁ%%’ e SR DhRddes & m%n' rm?éw dgeasyrg ¥ans
study, G r?gg%uﬁ@%#é‘ég%%&%ﬁ{éao%nes# Ré&&dmaﬂfé’ HO® %g%b 2 df freoked

hor
potenti al (a nunerical 1 ndex deriv romthe AE 5%

spectral ecﬂxgesén’cewmrﬂmyl (r@&l:automalicah‘y ﬂe@qbwln@yheén\nh)e paitent He tisinsitipoitigr al
index (BI'S) . during.alternati p ods of cansci ousne and .
unconsci ous HEL cBp M OéU%PQF‘g“QPS%%ﬁﬁ? VFedersh aag snay 8pP¥ 5 yeight -

“Qur findi ngsueans tankbliais %ucbh@rér@@rbls;%c@@tﬁ/ﬁwSpr@aggﬂ)C@H AFF ispBlyes AEP
i ndex was best at distinguishing the transition fromunconsciousness to

consci ol@nedsucinas Brain @t@maAudr;orMéE\@éfed RajentipleBAGR ) raspectiyeli t i on

unconsci ousness to consci ousness. " WD 02/100267 PCT/ AU02/ 00776 15 The HCM
system of the present invention nay address the limtation of prior art

net hods of BHe HOMSatarhysddresbys mlhmnagonwIotfitpéqonowo@w@ydamlymgtR&Ks of

porenti al - GRENF ABCR WS i dRIgRansT b BED0 POETE E FIStotEmInggwhich
spectral edgfalysis type is optimal, based on the context and sequence of analysis change
20 or transitions. For example, R&K detection of wake state, suggests a probable
transition from consciousness to unconsciousness, which in turn suggests that
the optimal or higher weighting of consciousness state determination should be
derived from BIC (bi-spectral analysis incorporating bi-coherence) analysis. In
contrast, R&K detection of a sleep state (stage 1, 2, 3, 4, REM, for example)
25 suggests a probable transition from unconsciousness to consciousness, which
in turn suggests that optimal or higher weighting of consciousness state

determination should be derived from AEP analysis.

Barr and colleagues describe in British Journal of Anaesthesia June 2000 (1), a
30 Coherence index (CHI) used to assess depth of anaesthesia during fentanyl

and midazolam anaesthesia for coronary bypass surgery in which BIP

decreased during anaesthesia, but varied considerably during surgery.



5 frequency (SEF), nedian frequency (M) and coherence index (CH) and R&K
sl eep staging, together with a unique nethod of context analysis to provide
i mproved woarAadn7 maki ng with respect to which of the mul PCplaoaned7ysi s
processes are nost suitable for optinals,tracking of each phase of the
nonitored stages of consciousness. 10 Wtte H, describes in: Neurosci Left
Nov 1997 (5$chi’a%=rgaar)t$belleﬁguelseie'smrlbenmemisﬁnAnalge%pméﬁ)Oﬁ) ovHtiatespib il and

hi gh- f t h EEG d
Sl oem | n o ML Telgile B sty HEH BEuRtonsciisiess dufban
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(di scontinuous EEG I n quiet sl eep) are characterised by a quadratic phase
coupl i ng (c’tmerneiméuairmtmlts)TheNerﬁceaDhesl thatihathdhewoherengenindexvefiaed
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response unconsciousness but this was not the case for BIS. BIS increased gradually
during emergence from anaesthesia and may therefore be able to predict
20 recovery of consciousness at the end of anaesthesia. AEP-Index was more

able to detect the transition from unconsciousness to consciousness.”

Gajraj RJ, describes in Br J Anaesth Jan 1998 (30), “Analysis of the EEG
bispectrum, auditory evoked potentials and the EEG power spectrum during
25 repeated transitions from consciousness to0 unconsciousness.” In this study,
Gajraj & colleagues describe: “We have compared the auditory evoked
potential (AEP) index (a numerical index derived from the AEP), 95% spectral
edge frequency (SEF), median frequency (MF) and the bi-spectral index (BIS)
during alternating periods of consciousness and unconsciousness produced by
30 target-controlled infusions of propofol.” “Our findings suggest that of the four
electrophysiological variables, AEP index was best at distinguishing the
transition from unconsciousness to consciousness and therefore may be able to

predict the transition unconsciousness to consciousness.”



can describe a subject's transition fromsleep to wake, "initial wave" can
assist in detecting a subject's transition into hypnotic state, and
novenent wetieaoi2zéen can describe a subjects state of rest paa/At®R/ax@asi on.
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The HCM system of the present invention may address the limitation of
categorisation of neonatal neurological patterns by including within the
decisions of sleep-wake categorisation information such as the age of a subject.
In turn this information may be used to weight analysis processes within the
30 neurological data. In the above case the age of the subject may prompt the
analysis processes to recognise unique markers such as ‘initial wave’ and to
use recognition of these unique markers to provide improved accuracy for
categorising and detecting EEG patterns and associated sleep staging of

neonatal human subjects.



10 detection), exit sleep state by neans of firstly R&K wake state
detection, and then tracking depth of hypnotic state by neans of AEP index
and audi twpy?2/10@sponse (preferred net hod of nonitoring anadcamaiog®drig exit
of hypnotic/sleep state). 15 The HCM tem of the present invention may
automatically allocate an optimal processing neans for determning a

subj ects transition of consciousness state or sleep state by applying
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and spectral analysis methods utilised by R&K for sleep state analysis of a
subject are indifferent to the non-linear coherence analysis method more suited

20 for entry and exit from sleep or hypnotic states of the subject.

The HCM system of the present invention may utilise any combination of
spectral edge frequency analysis, Coherence analysis, R&K standardised sleep
staging criteria, auditory response monitoring, initial wave monitoring, arousal
25 analysis and specialised input parameters derived from the calibration or
specific subject configuration and system configurations such as the subject’s
sex and age data. A learning function and application of neural networks may
provide a means for the system to weight the vigilance analysis format in a
manner which is most appropriate for a specific subjects vigilant state such as
30 wake, sleep, and transition from wake to sleep or sleep to wake.

The HCM system of the present invention may analyse a subject’s neurological
data for purpose of coherence analysis and R&K spectral analysis that may also

include electro-occulogram and electro-myogram physiological data. In



to inprove the accuracy in determning the state of a subject's
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Furthermore the HCM system may include frequency analysis (R&K analysis)
(34) spectral analysis-SEF-MF, %2 period analysis (46), (FFT) as a means to
determine the transition and the current state of a subject in order to determine
which method of consciousness analysis (BIP, AEP for example) is the most
25 accurate and subsequent indicator for identifying and tracking the subject’s

vigilant state.

An ideal embodiment of the present invention may provide an independent
measure of both sleep state and brain activity in both wake and sleep states.
30 Furthermore the ideal embodiment may detect when a non-valid sleep state
was recognised (per International standard R&K) so that brain activity or
consciousness measures should be utilised (BIP and AEP index). Furthermore
the ideal embodiment may include a simple non-ambiguous readout for users of

the system.



15 noi se signal intrusion, for exanple. The HCM system of the present

I nvention may wei ght optim sed R& and optim sed bi-spectral analysis in
accor dancwo oailodz6t he strengt hs and weaknesses of each of PrhEsgopoovesses to
provi de overall inproved accuracy and1%robability of determ ning the
subject's depth or state of anaesthesia. 20 The HCM system of the present

I nvention may reduce the effects of over reliance on frequency based
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automatic selection or weighting of BIC and AEP analysis by neans of
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bi - spect rum anal ysi s (‘bi -coherence/ bi -spectrumtriple) or audio evoked

potential ahassdpsalysisdrefes Firsailh, &1 8. Addi3bosY. ElikddtPot ent i al - BAEP)
respectively. WO 02/100267 PCT/ AU02/ 00776 20 The system of the present
I nvention may nonitor and detect the state of the subjects consciousness.

I n particul I theapplicartsaktbwiedge meeoe has asssecombitatibhy of Blegmwaielist h
non-linear and |inear analysis technigyes nmay._b lied., 5 The system may
ncl udel B - Bead BaVStRITATeRRIMS ofRids oF madfied it apalysisoHaHE Afiad
noni toring | J | i . Ameth @) koK i It i | sed)
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separate i ndexes or display nmethods may provide accurate tracking of the

subj ect1® state of consciousness and transition of conscious state. The
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wi t h anal ysteviséasiesulttmeiousty pfavide a conibination off arfalysis typess (angpdisplays
'neluding | {Le'?é‘é iiﬁahg{nng% aarh%lf/aéllzsl? &’Eﬁelﬁldex analysis, estimated R&K analysis,
arousal analysis, eye movement analysis and eye opening analysis.
20
A common problem with frequency-based analysis methods (be it sleep-wake
or bicoherence/bispectrum/triple product) in analysing neurological data, is that
the results of the aforementioned types of analyses can change significantly
with seemingly stable physiological conditions. For example, substantial
25 increases in EEG activity in the 12 to 18 Hz (theta) frequency band may be
observed with administration of anaesthetic agents in the low to medium
concentrations, but high doses of the same agents may lead to sudden reduced
activity in the 12-18 Hz frequency band and increased activity in the 0.5 — 3.5
Hz band, followed by burst suppression at extremely high concentrations.
30 Similarly, bicoherence/bispectrum/triple product analysis relies upon “relatively
new principles” for determining the subject's state of consciousness. In
contrast, a well documented and validated method for sleep staging such as
presented by R&K, utilises analysis techniques which, although being highly
validated, are subject to misleading frequency effects, as described above.



analysis. Prior art systens (such as Aspect Mnitoring) are [imted as they
are not as precise or responsive as an AEP, arousal or EEG activity based
system fwpodaoeeti ng transition and AEP responsi veness t ®@Crransioei’en but
not as gradual 20 a neasure (as BIC) f predi cti ng consci ousness st ate.
However a limtation of this prior art nmethod is that the gradual change of
the bicoherence neasure may, by nature of the type of the non-linear

I t I fi t h f.th bj. '
T ani L on’ SPRBEAITIESSA 1) NS RElsrmeltH, SPE B RSn <R E, P ERISEEh (R eo) £ om
consci ousneggy %na%i‘s%ﬁﬁ' ?r‘il@éc? bitsp¥t$al Afilvals td McrebSe %g%?ié\%/oéé yondat e

when nonitoring a “subject f anaest hesia as a sub o iI's on the
ver ge of V\/abongpnimnahﬁysmmllhmw (@) Application of opti endesil anplysisr der

to avoid a serious.,inci dent he, subj.ect kenin uri

sur gi cal® opBi3¥% PENIdSE FigaN H‘;B@S'S }Of' CFAREY g%ioqjcﬁﬂ%aga%ﬂ f%?‘\@
bi - coher encRaK 9ﬁ§|§/§i§d1éisl 9 forﬁmnat@aqd }r6vide lstdept $t¥agé)(ogdé§w13<bf 8eb) or
consi stent change when conpared to other validated nethods of

consci ousne¥akeostateo(refaireds tec heerin msdsleepweeianaiysishep LPROEF) tonwYingr i ng
tech 07 1 he, t ,
2 sub] act WD i GRSRES GO e 5, pdtledty SufiiSdorits (HESHT RS o N0

stiml us cl upksnsolbud state. ttm&k{aanalysnseon hﬂneaumarohanmeﬂw pno&‘ndmra twelled.
By m)nltorlngthe arrplltu?e of the res onstge t.he rm ored

5
non- i nviki v¥alidated caetas: roéi@EerH’t"?'QSh QBP@C ‘ﬁ%pa"r E ﬁeﬁﬂﬁret ory
b d
nerve Sl ONfodifidy dltoryagglé gr‘e?e 138 DIMBPBIORA FOSRRAYCRGSA0E Ahte!

traces of s possible to e a degree of the
subject's cajesiivmueTakim dlerherlnhmatlcpmrmf the spatiepbirgthte owrecireliablessr ss be
determ ned bgﬁa rreasure f t he su e spons. advant age

of this 10 REPRBEEHLOR ﬁ‘étP gqts ja r]'oé% %8"%8“{:3805%@%@%@”909 rRaianti on
state infor n‘ﬁblé}fbfactMﬁé@rrchm(é 5w8st hitecs lhsified bidtRinCariefact &irel miamant  of

whet her the subject is in a state of consciousness or unconsciousness. A
di sadvath agsoise signal intrusion, fer example: Haest&M system ah#ie peesasd deerdionaep

nerve duri g ondeidtE, PHERE ek g chie BRI SERARIAIR in R

consci ouneswith3fhe stiengther ananmeammeoﬁ eabHﬂeDf hesbi pndceesesabmmnsndeat ure

of the data curve transjtion between the two ates e ore t he
recogni sed REERIJEIREEVET BERIrAGY PRSP QQ'HB's%f arminigy Hesdepih o
subj ect eacgtzﬂé%?aﬂééétﬁéﬁgt advant ages and

20

The HCM system of the present invention may reduce the effects of over
reliance on frequency based changes of neurological data from a patient, by
utilising both frequency based EEG (sleep-wake analysis) and phase based
EEG analysis (bicoherence/bispectrum/triple product).

25
The HCM system may provide automatic selection or weighting of BIC
and AEP analysis by means of R&K or similar frequency based analysis

as an arbitration agent in the decision path for weighting analysis types.

30 The HCM System may be adapted to automatically detect whether the patient is
transitioning from consciousness to unconsciousness or visa versa and to apply
or weight bi-spectrum analysis (bi-coherence/bi-spectrum/triple) or audio
evoked potential analysis (such as Brain Stem Auditory Evoked Potential-

BAEP) respectively.
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Subyee not as precise or responsive as an AEP, arousal or EEG activity based system
for detecting transition and AEP responsiveness to transition but not as gradual

20 a measure (as BIC) for predicting consciousness state.

However a limitation of this prior art method is that the gradual change of the
bicoherence measure may, by nature of the type of the non-linear analysis
prevent a clear or significant emphasis of the subject's transition state. The
25 transition state is when the subject changes from consciousness to
unconsciousness or visa versa. This is a critical state when monitoring a
subjects depth of anaesthesia as a subject who is on the verge of waking up
may need urgent administration of anaesthesia in order to avoid a serious
incident such as the subject awakening during a surgical operation.
30
For example, a time based curve or graph of the bi-coherence processed signal
can produce a relatively gradual and consistent change when compared to
other validated methods of consciousness monitoring, such as Audio Evoked

Potential (AEP) monitoring techniques.



transitions his/her mnd-state from unconsciousness to consci ousness (AEP,
arousal and eye openi ng wake analysis is heavily weighed) so that an

anaest hetweto2aemehave a guide in predicting the depth of aagdiobesi’a
utilising 25 the bi-coherence factor, byt if the subject changes or
approaches a change in state as indicated via AEP analysis, the
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The HCM system of the present invention may include autonmatic
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determnation. In particular the HCM system ma concurrently nd in
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body novenephcanstivifdrioss34f 45%ubject each have different advantages and
20 disadvantages (33).

However the applicant is not aware of any prior art system or method that is
able to provide an ideal solution. Such solution would need to have non-linear
gradual measurement and prediction -abilities associated - with bi-coherence

25 analysis, together with immediate indication associated with the transition state
as depicted by AEP analysis.

The HCM system of the present invention may automatically detect whether the
patient is transitioning from consciousness to unconsciousness or visa versa
30 and apply or weight bi-spectrum analysis (bi-coherence/bi-spectrum/triple
product) or audio evoked potential analysis (such as Brain Stem Auditory
Evoked Potential- BSAEP) respectively. The HCM system may address prior
art imitations by applying R&K analysis as a type of “independent arbitration”
agent for determining which analysis type is optimal, based on the context and



spectral edge analysis (36) and anaesthetic phase and spectral energy
variance 25 neasurenent in association with a subject's state of
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i nf ant s1 exhi bit higher anplitude of EEG frequency bands such as deltawave
than ddGmore el derly 10 patients. It has also been found that in infants
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spectral anal ysi s- SEF-MF (4), Bi-coherence anal %};qu;l (33), .einitial
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combining AEP and bi-coherence analysis techniques into a single monitoring
measure. The HCM system of the present invention may achieve this scenario
by weighting the AEP transition state and the bi-coherence analysis value so
that a single combined reference is obtained.

20
The HCM system may weight the transition state heavily when a subject
transitions his/her mind-state from unconsciousness to consciousness (AEP,
arousal and eye opening wake analysis is heavily weighed) so that an
anaesthetist can have a guide in predicting the depth of anaesthesia utilising

25 the bi-coherence factor, but if the subject changes or approaches a change in
state as indicated via AEP analysis, the anaesthetist may be given immediate
and obvious display indication and can avert a potentially serious incident such
as the subject awakening during a surgical operation.

30 The HCM system of the present invention may assign patient states of sleep,
wake, depth of consciousness, depth of anaesthesia and vigilance in
accordance with analysis states derived from a combination of analysis types
including R&K analysis (34), AEP (30), spectral analysis-SEF-MF (4), Bi-
coherence (BIC) analysis (33), initial wave analysis (5), auditory response



25 body novenment analysis (34), 95% spectral edge analysis (36),

anaest heti ¢ phase and spectral energy variance neasurenent in association
wi th a swpaeetveest at e of consci ousness. (30), Pul se Tramsirato2/dorme ( PTT)
based arousal detection (31), 30 PTT %gasure and PTT based bl ood- pressure
ref erence neasure (31,32), PTT based art rate and bl ood pressure with
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the subj ecpﬁessuré-féﬁpu\alhgnltﬂeathwg@dtmdi@t&) not qualify for classification
under conventional rules as depicted by R& analysis (34), but was

det ect etf by way of BIC coherence analysis (33) as progressing to a deeper

stage of NYPREUIGCM! Blftef f IFRPChredch © iffertidfPfEOURBEAE (dAiRoiatil
deeper state of in-dep anaest hesi a st at % then the HCM system may
make a nor ecamsuiwEnessestats oontemadetérmmqmloeol(refterd’ngsf‘tﬁ)n‘ll hi8, chtdExt34f t he

R&K and BI C n rrent tren art cul ar,, case
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anal ysis), and accordingly has a higher pr, obab| lity of 25 predicting that
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frequency (26,30,36,47), EEG phase (33) and EEG amplitude analysis (30)

For the purpose of “context’ determination, the HCM system may apply
20 concurrently and in real-time a combination of methods of analysis including
R&K analysis (34, 45,46), AEP (30), spectral analysis-SEF-MF (4,30), Bi-
coherence (BIC) analysis (33), initial wave analysis (5), Auditory Evoked
Response (30), arousal analysis (35) and body movement analysis (34), 95%
spectral edge analysis (36) and anaesthetic phase and spectral energy variance
25 measurement in association with a subject’s state of consciousness. (36), Pulse
Transient Time (PTT) based arousal detection (31, 32), PTT measure and PTT
based blood-pressure reference measure, PTT based heart rate and blood
pressure with simple non-invasive oximeter, PAT analysis for sympathetic
arousal detection (104-108), EEG spike-K-complex-wave-activity-event
30 categorisation (47) and bio-blanket-heart-temperature-PTT blood-pressure-
respiration-breathing sound (49), to determine the context of a subject’s state of
mind. In particular the “context’ may include that a subject is in a state of wake
or consciousness and whether or not the subject is entering or approaching a

state of unconsciousness or sleep, for example. Where a subject is in a state of



unconsci ousness to consciousness is likely to be Auditory Evoked Potenti al
response. The HCM system present nay "self-adapt” the analysis nethod in 30
accor dancwotoe/10(26¢7 sequence of the subject's vigilance staPeTiATANSITEONS iN
order to provide inproved accuracy forgonitoring a subjects vigilance or
to nore appropriately classify same into a sleep, hypnotic or
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response asopheationgireeedurenfariex@niileanal ysing a patient's transition from
unconsciusness to consci ousness. 5 The HCM system of the present invention
may determ ne the nost probable transition states by evaluating the trend

or sequence Thkrdlafdiaouinmvér ofrlpnitatione adsoeiatehwithralryesit standzeds Fxrastagimgof
vigilance transition states include; -consciqusness to unconsc|ouspess 10
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unconsci ousnes or BIC hypnotic) state Exiting of unconscrousness (or AEP
hypnotic) state
The HCM system of the present invention may address the limitation of prior art
methods of EEG sleep analysis with an ability to concurrently analyze and
15 process a  selection of, or combinaton of methods of
sleep/hypnosis/arousal/vital signs monitoring including:
R&K analysis (34),
EEG pattern recognition
AEP (30),
spectral analysis-SEF-MF (4),
Bi-coherence (BIC) analysis (33),

20

initial wave analysis (5),
auditory response (30),
arousal analysis (35),

25 body movement analysis (34),

95% spectral edge analysis (36),

* & 4 & 4 4 & & S > o

anaesthetic phase and spectral energy variance measurement in
association with a subject’s state of consciousness. (30),

*

Pulse Transient Time (PTT) based arousal detection (31),
30 ¢ PTT measure and PTT based blood-pressure reference measure (31,32),
¢ PTT based heart rate and blood pressure with simple non-invasive
oximeter(31,32)
+ PAT analysis for sympathetic arousal detection (104-108),



CURRENT STATE AUTOVATI C PREFERRED ANALYSI S TYPE FOR STATE CLARI FI CATI ON
Consci ousness or wake 1)BIC, 2)R&K Unconsci ousness AEP Sl eep state R&K
Wake st atwome/1eesci ousness 1)BIC, 2) R&K WO 02/ 100267 PCTPATOA/Q0T76 27
The HCM system of the present inventio? may take into account the

I nstant aneous and trend anal ysis out put's fromone or nore analysis type to
5 det er m neea BERG]spikes Kraontiplpx-alzavelactivitprevieht categbrzationn@7)py t hen sel ect
t he nost quallfled or accurate analysis type as the prinmary decj sion
wei ghting of ®io-blankett "heagh stempgra ﬁsPcT% Q'ﬁ’@gspr@ﬁ%}ﬂﬁ'cf?ﬁE'r%ti%é')eatmﬁge
sl eep or vigi Isﬁpﬁ? 4§2e HCM system of the present invention may include a
| ear ni ng capabi } anid 10 pattern recognition to enable different

conbi nati ons of analysis type and different conbinations of trends of
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accuracy of detectin vigilant state or transition of
subj ect's vheghhmuesmerrem%am@ml@wm the present invention may apply

both FFT and t period anplitude analysis in consecutive 1 second
I nterval s ((9 % set to greater 20 values, particularly where | ower
frequency rewge léé!e\f@ﬁn@:elcﬁlsle@p arwake o gotsdibusrasm) trartsticnEBnanal ysi s

(i.e. 95 %spectra e has an advant age of praoviding power

di stri B i ompregict WOEE%“U (Qcﬁ&nsftloé’qQéﬁcﬁl@iﬁoéﬁtV'@'i@@Cal%Gvant age of not
presenting m xed frequency EEG signals for assessnent under scoring
criteria such as per R&K anal ysis EEG (34, 45,46). An exanple of where '/2
25 period ampéi‘coftexdraid/ prediothse” panalysie mnlualésapﬂoa@lmg)\eewaﬁdammmwe

analysis is where a 30 second, epoch contains a hi j tud wa
and %/he Dlelﬁlﬁﬂeﬁh?@l%@r PnE%g?@t?umé r@%é%ﬁ‘%‘?g t%gﬂmg’gg%t ’ ﬁg‘%@ é@oxg
epoch, but &9 te%ﬁﬁﬁ@%bvﬁl Yt 98f ﬂﬁ%'dufrl‘é‘ﬁ? Vidilante Hedde apava. trééW'd?f

appear to dom ate secon hi's case use of FFT would
suggest1& hasequerseeyigitdndesphasay IB(foeen@eple eré@mystﬁatd%e%m%tth@t tbpoch

(TS D PLoBRPIAL AP BBl PocBOfRE Aot " BRnRRY Y,
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analysis) wth 1/2 period anplitude anal ysis then th
of BIC coherence analysis (33) as progressing to a deeper stage of hypnotic
state or a deeper state of unconsciousness (as with deeper state of in-depth
20 anaesthesia state), then the HCM system may make a more accurate decision
based on predictions from the context of the R&K and BIC analysis past and
current trend data. In this particular case the prediction may be that the subject
is entering a phase of deeper unconsciousness or hypnotic state (by way of no
R&K state and BIC analysis), and accordingly has a higher probability of
25 predicting that the subject is more likely to be approaching a transition of
unconsciousness to consciousness. This aforementioned prediction may alert
the HCM system that the most accurate method of analysis in the phase from
unconsciousness to consciousness is likely to be Auditory Evoked Potential
response. The HCM system present may “self-adapt” the analysis method in
30 accordance to the sequence of the subject’s vigilance state transitions in order
to provide improved accuracy for monitoring a subjects vigilance or to more
appropriately classify same into a sleep, hypnotic or consciousness state of the
subject being monitored. “Self adaptation” in this context refers to the capability
of the HCM system to initially weight vigilance analysis towards BIC as the



epoch shoul d in accordance with R& human sl eep scoring criteria, not be WO
02/ 100267 PCT/ AU02/ 00776 28 scored as stage 4 of sleep. In other words the
"/ 2 peri owOanpbizbude anal ysis nore correctly represents Pog/Amehods of
scoring sleep in accordance with R&K tfgan FFT in such instances and
utilization of FFT and % period analysis (45) may provide inproved

accur acy foprefetredm'mbti@di ﬁnrbjanalysing:oasc:%uhjecrt@sstransitim Srong3waked © eep
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variables in the present application but applicable to other industries
involving nonitoring or analysis of signals in general) of a subject's
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conpensife FHNGONFGIOLSAPERIQEPRSHURES hy unwant ed si gnal distortion or

i nterferencesggs b @akgoi se. Furthernore, in order to allow the systemto
di splay to the user on-going signal validation and signal quality issues,
si gnal st at twamtb sleepequent corrpensati on or signal 25 correction), signal
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real -time ar&qﬁﬁ%)bﬁdncdngdbmrebsr(r@,dhypr@qic)ag[@t@onpensat ed si gnal data. 30
The HCM system of the present invention nmay provide trace ability (or an
audit 1%ai |) of all signal nodifications so that the system user can

val i date an folype\ and
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TRANSITION STATES AUTOMATIC PREFERRED ANALYSIS
TYPE

Consciousness to unconsciousness BIP

Unconsciousness to consciousness AEP

Sleep to wake 1)R&K, 2)BIC

Wake to sleep 1)R&K, 2)BIC

Deepening of unconsciousness (or | BIC

hypnotic) state

Exitng of unconsciousness (or | AEP

hypnotic) state

CURRENT STATE AUTOMATIC PREFERRED ANALYSIS
TYPE FOR STATE CLARIFICATION

Consciousness or wake 1)BIC, 2)R&K

Unconsciousness AEP

Sleep state R&K

Wake state or consciousness 1)BIC, 2)R&K




subsequent signal conpensation. A further capability may allow the user of
the HCM systemto autonmatically or manually (upon the user's discretion or
agr eenentwaiochoqoal i fi cati on of signal deterioration and pcopa®edo776
conpensation) invoke signal conpensati for optimsing or inproving signal
5 quality. Due to time synchronised (with recorded signals) trace ability
(audit trail) of signal validation and subsequent signal conpensati on,

nodi fied signals my be revoked (unnodified) to original signal fornat
where required. Furthernore, signal validation nay provide a neans to
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various signal -processing algorithnms. The system o0f the present invention
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and resol ve subjeghs staie af repsgipuHiassshypootis staie) swakecaledr er ¥igiase?i ons have
been applied in the past for various physiological paraneters and

noni toring applications. However one problem associated with surface
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t hose assoanatysis type o determining ther patiend’sojigileacéng t heatre environments,
as is the case with depth of anaesthesia nonitoring systens. 30 To the
applicant's know edge, no one has used connection of redundant el ectrodes,

automati c elFggthepdBre RBEHERIN sYetdrht vf athé ksl imeriivnvwakapf redoguisene
i npedance neasurenents and ot her S|?nal, val idation techniques (refer
Fi g. 18 15 MFoomibirations efhanalysisreutpat & lEprave: aemraey o sletesting: a sabject’s

(TaveS) or ¥l oE Rt SRR L BE 40 TSR Tre' SVt emot the
present invention nmay utilise redundant el ectrode systens together with
o min m ze THRCGUARYRED OF 1af GeRveldvainiorsaRy AP Lot i lagnd 32 perod
sensor - el ectpadrsde HRALIERPI Bhs@ERRE! HesdRnbCItdrPAIsNEahVBE St [BEgruREr I LY,
20 values, particularly where lower frequency response characteristics are being
utilized). The FFT analysis (i.e. 95 % spectral edge (36)) has an advantage of
providing power distribution of the EEG signal frequencies but the disadvantage
of not presenting mixed frequency EEG signals for assessment under scoring
criteria such as per R&K analysis EEG (34,45,46). An example of where 2
25  period amplitude analysis may provide an advantage over frequency analysis is
where a 30 second epoch contains a high amplitude Delta wave and the Delta
wave does not constitute greater than 50% of the 30 second epoch, but due to
excessively high amplitude of the Delta wave, would appear to dominate the 30
second epoch. In this case use of FFT would suggest that this epoch is, say
30 stage 4 (greater than 50% of the epoch time with high amplitude Delta wave in
accordance with R&K analysis (34,45,46). However if for example, the epoch
consisted of greater than 50% of the epoch in Alpha EEG waves as would be
more evident (than FFT analysis) with % period amplitude analysis then this
epoch should in accordance with R&K human sleep scoring criteria, not be



5 reliability and sinplicity of el ectrode-sensor attachnments is very
critical) and analysis including mnd-state, auditory sensory, visual
sensory, Wp®adel267 sensory, anxi ety sensory and vital sign®Cpha@Roi0gi cal
states. The system of the present invenjg on may include automatic Anal ysis
Val i dation, 10 Conpensation, Optim sation, Adaptation of Format and

Anal ysi s, . scareBradasbtade dyof slespgnimeothef ArEOARS)zr pdrimd Bimpplitude6analysis
17,18, 34, 35,37, 41, 42, 45 The, s ste adapt algorithns for d ni ng
e sub; ot MOTE CRIECHY ThorSeN HRdBeNoN] StihbeTath I eybrganies bhEka
procedure raeA FFTWA $&H inSdric@B e LilizdlionSpE adrdY ¢ Mef@@'anbly@s @dgyow ng

the systemto determne and display to the user 15 the signal analysis
met hods bei mycwpwgeelmr(rgmaa@rmdmejetarémnmgoarsumsm sitenrsti@ispess gtaie

Ctatus, A1 chod B Hesg FABED na0e PRERSSRSor s gnar o (such as ' detai | ed

I n (AVCOADSP) or analysis quality caused by, for exanple, input si gnal
connection deterioration, or connection of inproved S|gnal @ut In 20

ot her wor dsThadiSlssxsterhgl the prasenk investinpdna fisiugs pH %“f{‘té‘c t%gﬁﬂd
reliable) aVQ[lé@tic'fh ma(t)pgﬁi‘ idoibHOT4, ¢ rt% Bﬁéﬁltr% "‘@NSQI’) V%élgﬁhﬁ

signal quali and adtomati cal ly nua |va yS|s
met hod or é@bstamtlcbﬂnat of s pdoe rrqaalltyw 'ewmtredéor cbhaectiomsi de@t@er S|f[g$a17

ctatus Tha' d8ar 3534 ab0e s Retion riie BaBy 1 AuriPTo R au At Her
capabi l ity oéndﬂauéq bt %u%xﬁh@ma@c@ﬁ%ﬂame% inh e tphEsent SAlicaBYn asiant

or re- aSS|gn varlan S Or te“analysis formats where the eX|st|ng
anal ysi s fappmahl@cml oﬁwrcmdu@taessuuolvm whanitosingi a@@mabmmﬁélﬂgnals in

of "t he. qual BEGeENg O D suBIa S iR terRd” VEITBY, o YR lers M B Bl owiit "
system may glienatfty irfifeddfcd! itasfenéht) otileAby rBéHéM%QﬁETﬁter%%ence

recommendations or hints to quickly identify and resol ve anal ysis
val i dati®n sigegkta spigei @rmd signak gigtartionan e yaeasHred sighal sharateristics

nventi on BY Bt PAeYnd Qrldifid oo AP I ot AR VSR K iR EUS:

progreSS|ve erioration ana YSI'S quall ent” an

vari ati on osulgjeet'y state o@npmrs@lsmsﬂsedattmnsorgﬂgilanoéet erioration, for
exanpl e. Furthernore once analysis types have been activated, wei ghting
techniques 10 may be applied in order to determ ne the probability

associ ated piReFhdiLtRETHCM system of the present invention may automatically
20 determine signal conditions during operation of the system, and invoke
subsequent signal processing to compensate or reduce artefacts caused by
unwanted signal distortion or interference such as noise. Furthermore, in order
to allow the system to display to the user on-going signal validation and signal
quality issues, signal status and subsequent compensation (or signal
25  correction), signal trends or progressive deterioration of signal quality and
existing signal quality issues, both current and trend signal status may be
displayed in real-time and stored, with both modified and compensated signal

data.

30 The HCM system of the present invention may provide frace ability (or an audit
trail) of all signal modifications so that the system user can validate any
automatic signal compensation decisions both in real-time and in later study
review. A further feature of the HCM system is a capability to provide the user
qualification, at all times, relating to detected signal deterioration and



anal ysi s nmethods. For exanple, BIC. (outer mal bar bone, surface el ectrode
pl acenment) derived R&K EEG anal ysis does not produce as high a probability
as C3 (suwbaemaoebrectrode) derived R& EEG anal ysis. 15 ThecCHAWozyet7em of
the present invention may provide an aujgomatic analysis format |inked to
signal validation, such as in the case ©of sleep and wake analysis where
t he anal ysi subsequest sighahppivipethsatign.dAdaridencapahdlity ahaylalles the ugamdisthel f |

f | |y EEG qut |.b | ect rod i dat ed, then.
frequoncy. oG SeoBE oSO SHRI O  BBIRDY o Pase The | Hresh deiTotan Jsi s,
as 20 Opposagréé?némremwpb@énﬁmioﬁsi of Sisiiidl cosfeyiBrdtions ajnac: BSBﬁ&eENG

and EOG sighals. The systemof the present invention. may include
.. Pati ent Deoenpenagiien)Ansbkeisigngl rmgenstgien Hpgoptimising or improving signal

16, 17, 18, 34, 35,.37, 41, 42 A45) . A i , al V.84 S .

al gorith Hggwyf oéuﬁe%’eﬁ%gﬁ%%ég%g%f?‘gm d eg{@f@@ %‘Bﬁéﬁﬁ'{ﬂa‘%ué%g{gs(aﬁgﬁd

vul ner abi | i tril} 6F sigagistdligiation Rinecaibiseque hal dompetsatidan efodiiddsighalsi cal
data such as the subject's body mass index (weight, height), sex and age.
Such Pat i enfnayberevakeddupmodifiesh) e pegnahsignakigimat whereraduiisdci fi ¢ dat a
such as the subject's body mass i ndex, age, sex, nedical history and other
rel evant 30 information to be utilised in analysis algorithnms for

moni t ori ng, Fdetheghoreg signalpvalidiatibnnmay heosidet 2 méansriecaltove ks systeddbi on
or vigilance gf  .the, subject, Patient specifigc data is entered in prior art
pat | ent 1 Gronpptinissy SGFE kel to yasoved el dinadb hstsapidgeSFing:
data can sug@tozﬁm,hg_l |y affect nmonitoring or WO 02/100267 PCT/ AU02/ 00776 32
anal ysi s methods associated with the nonitoring system To the applicants
know edge, no one has |inked critical paraneters such as weight, age and

se of a lent. to e sensitivity an h.ght i of . dept f esi a
m))rii tori ngP?h%’ﬁé(sﬁeﬂ/low’é%B Sc?;ntt iq‘%nﬁp@gﬂq}/}[’\g&? eq'{{}gbq?s@‘ypeéﬂgﬁagﬁ{}lﬂgﬁrg |
vei ghti ng okldetrd8BdHanMelsy inoéutsstitliticn 6f idbntifie pb&ﬁh@élﬂg@gﬂal@ﬁbﬁﬁ@léerlﬁ
being nonitored. An exanple of this is where the weight or sex of a

subj ect 15f f pattisularihe sysieanmay ayipmatiealhi alpda user ofithaiauglitvof alkattached; mal

band of . ¢ ) i ;
the eff oot s orupaed el idhs, FRGRMAAROALIGANL AT ISR fRigefie 1
system of t heayiddsanthe ns@adfirecommendatiohs se hintetd guicklydtieriify atatrasoliei ch

may vary the, sersi tiVvi Ea/ or inportant threshol ds associated wth variations
bet ween oneSigRe] QvRltY REORIB®Snext . The "utilisation" of this data refers to

20 Surface electrode connections have been applied in the past for various
physiological parameters and monitoring applications. However one problem
associated with surface electrode . connections is that the quality of the
connection to the patient can deteriorate as a result of a number of conditions
including patient sweat, movement, or the drying out of the connecting

25 electrolyte solution between electrode and patient. In particular the problems of
electrode quality may be particularly critical in applications such as those
associated with intensive care and operating theatre environments, as is the
case with depth of anaesthesia monitoring systems.

30 To the applicant's knowledge, no one has used connection of redundant
electrodes, automatic electrode connection quality and validation by way of
routine impedance measurements and other signal validation techniques (refer
Fig.18 - MFD Block 7) and automatic substitution of poor electrode connections
with the redundant (spare) electrode connections (refer Fig.35 (IAMES) or 37



conpensation, for exanple, of critical display threshold | evels and
sensitivity of 15 various user displays. These user display thresholds and
associ at ewogensizsi vity variations may change in accor dan®eTmuokoerst i cal
applications, for exanple when using tdae systemto nonitor sensitivity of
depth of anaesthesia to certain anaesthetic agents. 20 Table A bel ow shows
one exanpl el$FSpat Thatsysiest iof ithe MueserEninventizn aayt eilise redomdan eleirodel C

| NPUT DATA A t t

116 Call bPEatpEm Pt st ilPhiated slectrolksensirs HBbYyirhieRs/se BBk, o
i nventi on mapctrogbldnserd fothmimpe therdtRmtifnel settfodetPartd 8éRsorki(88 fdw as
17,18, 34,35,37,41,42,45). The system may adapt the anal ysis WO 02/ 100267

PCT/ AU02/ oo37sen89&eéﬁcg@de'§hfﬁfl d.l%@tb @foan%ﬁ,&ﬂé&&w rmrh@tQimgu hate thesquantityf
ocor darbe ERES antl SAEIBHRY ' or ¢1ebodPRBRbOr BhACRMBRETY Fefy ERlicd) o, |

SUbJ ect resaﬁawslst Qnmadingu?.nmd&itam naugitoryr s@heetyeStns&aUdsmBorSf higrousal
“calibration data" may include threshql ds an a ters derived froma
specific paﬁe@mwsaweiyu Srﬂ"ﬁﬁﬂﬁ/a%@ viig! signs BF'H%?'OEJ@ %g‘f%?*m ne the
characteristics of the subject's physiological paraneters for nore
accurate consideration of variations between different subjects. This
capabi | ity Thg dystempbtheptesahtinyention nexainslusle autoositieinalysie Madidstion, 10

ba t i by
adm n 24 ot Competssion; TPHRRAEn: AfpaloR T FORpRL &k Bralsate FroRLY s udy
may incl udeA%sf@ﬂﬁ?éHtl(AAvcm\ﬁARf&eﬁ Rijsers, af7 ARB485 37 4 AU )i THY sistem
admi ni stration. versus anal ysis staté (BI'C/ AEP/ R&K/ 95% spectral edge or

ot her) coef friayi adaps algoritemedpr deteamining itke subjgets stade of §9@%DIW$neaSa&ay1dng
TR L e e v L W ks A
and ar ousal sabathMavely (esiftiene Bllowinktthe system to determine and display to the user
15 the signal analysis methods being deployed (such as R&K derived from
optimised BIC -outer malar bone surface electrodes- as opposed to C3 EEG
signal) signals status, trends or progressive deterioration of signals (such as
detailed in (AVCOADSP), or analysis quality caused by, for example, input

signal connection deterioration, or connection of improved signal inputs. In
20 other words the system may determine the most appropriate (accurate and
reliable) analysis method (algorithm type) by way of validating input signal
quality and automatically or manually activate a changed analysis method or
format that is the most suitable for the validated signal channels. The analysis
methods may be determined according to presence, status and quality of the

25  patient signals being monitored.

A further capability of automatic analysis validation is that the system may adapt
or re-assign variants or substitute analysis formats where the existing analysis
format requires change, such as when an input channel connection(s)

30 deteriorate.

The system may automatically alert the user of the quality and probability of the
applied analysis processes. The system may also advise the user of



17,18, 34, 35,37, 41-45). The system nmay adapt al gorithnms used for determning
a subject's state of consciousness (and vulnerability to anaesthesia
procedurer@znmnaTl) in accordance with nmonitoring and dePettAl @6t he
subject's arousals (typically detecteagqromshifts in frequency and
anplitude in nonitored signals) or nuscle responses (for exanple during an
oper ati on orecomiinendlations ot Lhiels. to iﬁhe:kb/ygte@rhlfymyldamﬂoy/et Analysist valigation
alert..or dgthiiqn neans for the subject's transition state or
physi ol ogi cAFCARFUAThA'SPUP%E, response to a , medical procedure 25 and a
means of consciousness state detection. In other words the muscle changes
or arousal events may be indicative of nuscle rezponses of the subject,

whi ch in tufhendGM systea ofithe wesericinyentonimay displae e Hbeiuser on—gomg

ef fectivene e S
Fesponse snRReisav et Staslsr pRdeRRive R RElgHERE" L AEN R, T S
novenment or s@sdaqueny ammalysiy owartiﬁoa e armalysid ocarhpersdtion adueusial sagndal
muscl e nonitoring, relative to the responsive or sensitive areas
associ at ed ApteniokatithifeeXaPBléedure, and consequent!y may provi de
i mredi at e feedback where an anaestheti sed area of WD 02/100267
PCT/ AU02/ 00776 34 a subject indicates nuscle or nerve responses consi stent
with i nadquattberramaesnbetartalyBi&ugy[mmhaVetbwri antivated, MMMWhhmu%de

of .t he_effect

accuratg nonito and recordi . | ocal anae c b
ot octi Tyt Mevebe ot tnesiger o, ARtSmie ToS madhitnil e B Akt
time-li nkedaﬁélgglsaﬁétﬁﬁdss' Q"broéxe%ﬁ)lér BYCRAIERAMAMACBONE, esuffélfé bRich®de
feature may de a neans of nonitoring and analysing both the state of

a subj ect’ spiacamw)jdemed o &S ana%ys&d@@s st prgodu qeea%lhagh\ 2 eoebakility)

eeponse. of STRE GhIREB LRl IR REKERY ARBYER0" ahal ysed ¢ hr onghout

an operation procedure. Industry standard techniques (for 10 exanpl e,
Canadi an. Task Force)(35) for detecting .arousals may be utilized in the

system % tiﬁeedﬂe%ﬁystpﬁveﬁth%ﬁresen& 'm@ﬂt@?smémRSPV'ﬂﬁ@rb?Hmﬁt'q Avalyeison
MY 1 net Udergiha! e flsigidi nuat.orpugagn (R ¥ 3o POARN b Bde r@%dt GizfkeOf

t he nerve or nusc respo a subj ec e under gol an oper ation
or nedi cal analge:skuwbereTt‘r&a ahelg/snsl maibnﬁtemmmumg dependeoma pipe ivatidatieda

sel ected excjta | ocat i o t ect’ o] d t he r
(nerve or nﬁ'@@?[—?y (?gaf rf"’?ﬁﬁ'@P I%%@i ern'?)‘ﬁ rqﬁ%ﬁ arm@%wt%
det er m ni ngfblGeRePbpfifntsert eE@ Silitef PRABACSZRERBSMAY bE iill20%%r BAGlYSR, as
20 opposed to more complex analysis signal combinations including EMG and
EOG signals.

The system of the present invention. may include Patient Data-Linked Analysis
(PDA)(refer Figs. 16,17,18,34,35,37,41,42,45). The system may adapt the
25 analysis algorithms used for determining a subject’s state of consciousness
(and vulnerability to anaesthesia procedure recall) in accordance with critical
data such as the subject’s body mass index (weight, height), sex and age.
Such Patient Data-Linked (PDA) analysis may enable patient specific data such
as the subject’s body mass index, age, sex, medical history and other relevant
30 information to be utilised in analysis algorithms for monitoring, detecting or
predicting the state of consciousness, sedation or vigilance of the subject.

Patient specific data is entered in prior art patient monitoring systems. However

in some instances patient specific data can substantially affect monitoring or



dept h of anaesthesia nonitoring) and determ ning the response and 20
performance of selected nmuscles or nerves of the subject may be perforned
si mul t anew0gRM002¢hi s "dual - moni tori ng" function may be paPCireaioandazé usef ul
when a subject is undergoing a delicatg, and preci se nedical. operation or
procedure. The system of the present invention may include an |Integrated
Anaest hesi a akalysimnelhodsy asseciatert vty tee monitaNES) {ystdrar  Fogihie lapplicants

17,18, 34, 35, 37 41- 45 Wi red,or w reI ess

ol ude. a SKHBMEYGE IO haRAMRaR ER: B RIStSTS: SHshr S lets MBS ani ch
nmay be di Sp%%bd)&le% td %%Bh@i‘u%ﬁ EndQvéi@ﬂﬂ@céfodeptﬁtcﬁ’ré%tﬁé’slé"rrfcﬁi'rtbﬁﬁ abl e
EAS. Alternativel i'ntegrated wth a Wreless Electronic dul e
(VEM). A ver'l'sheoM&lMI eystem 315 Mr@s@tylweemmaw oange tthei waighfingeon ower

ntorfach, TROSHORL " it it B PhISbicR SoFarbRis iod AbPRABRC b, 1 ow

cost data |@§t9h1we @Vﬂilg%\wné’reltnww&ght odsepbhy St affavis (iBSdcodrdanicry
means for con&betel di sposabl e versions, WD 02/ 100267 PCT/ AU02/ 00776 35

may i ncl udeWi eeraw'rlaals;qhaspabu@@tab fibe pplinal rhanslred, opsratiopa @il a, gien

di gi tal r stem
my be di vi Solcan e, 87 o SRt dlc o AREIG nbradec That Ca0d Yot
system (EAShaaa@ntthesMEMameteren Conpl et eI y di sposabl e systens may

i ncl ude ('gnt egrated WEM and EAS sections for further cost reduction. The
EAS sysi mis a renote patient attached el ectrode transceiver nonitoring

10 station t Ssnt GhvartiPHirhay atilRe c&Hd 8 f@atbhﬁ/h\ﬁlﬁ'\/‘
nodul e (re]‘-r\g«r&| }gepﬁ%ﬁéﬂgg ﬁ%?udes aVécolde |%>2ntll ficat |Iggﬁﬁly2t em al | ow ng
system confauvary dhet semsitiyiyt oupmmrta@tdhmho@a/\nasao«ua@cb palbi vadations

Conducti ve SRS DN Paion e e, ARy T8, RlFathR, T et TBgegp o

surface for cehffenshfian, f@r@Xam@foflc&nsti%apdj.@gnayahres@bma@v@% angeehstiae) of th a
subj ect including a conbi nation of left and ri ght outer mal bar pl aced

el ectrotfes vagpuslgsecdisataysy pihase wsel shuantue sanriaaﬂsgglat%sen%mtyn ght

outer caran ode F’ﬁ(’ a

associ at ed \R/'vlgﬁﬁ eye %\%@é@ ?‘ gC&ﬁﬁﬁﬂg%gﬁma% ! Eﬁ@ %olrerzé)?é}rﬂble
detecti ng t inhehuinging the sysiem tasmscmr@raehsrﬂwtwo"addp&tca‘tmaﬁstm@a follcedam, Al
or A2 el ectrodes@‘gge pendent on the format of the electrode system for

provi di ng aRN8ePelbeHs agRPs: ol ogi cal reference signal and eye lid position
sensors for detecting eye opening activity and

20 Table A below shows one example of Patient Specific Data Entry Parameters:

PATIENT SPECIFIC INPUT DATA
Age:

Weight:

Height:

SEX:

BMI:

History file:

Calibration file:

Calibration-file anesthetic type:
Table A

The system of the present invention may include Calibration-Linked Analysis
25 (refer Figs.16, 17,18,34,35,37,41,42,45). The system may adapt the analysis



percent age of eye opening. 25 A conbination (hybrid) system may provide R&K
and/ or bi coherence signal attachnent in one wreless hybrid device, thus
openi ng uwoaramies for |arge scale hone nonitoring of sl @ep/adiogoerder s,
nore critical applications such as nedical procedures and operations or
vigilance nonitoring of workers or 30 air/land/sea transport personnel.

Opt i ons nayalgmiltmde asdd nfent déteEMBin dd osubjeeid tstaty ebmmsoimupUESsje(mindes

- head k di
(oot bee o wirRERY 3B At S ket recBll b istrbebonh b sBiiE 5
A Wrel ess HigedcalbatiVh det® SubEMs Btk ieensaBiéct RebEAgs B §§i%ds pﬂéﬁMlWr

and | i ghtwei ght nodul e de3|gned to snap connect to an nodul e. The

modul e may @F opfiediest hefudies! owilhig fealibrations :dat@’ntraay alaelud@r tI@f@éh@IdSn@n@I

censor ahpl PRTDERE EseToRARL A SnbF G Rt R BER A, Py ﬁ%@%ﬂetgﬁﬁf’or
anal ogue negbfifine t@bh@@@teln@ﬂcé @ﬁthd’lg.lbjé@ﬂslph Icgmalr parapicters Rendre nor e
(different wave- shapes, frequency and litu | ocal test waveforns; 10

-i npedance ﬁﬁ%@?%ﬁ@m'derﬂt'@n@ﬁé@”at@ﬁ 'P?W‘P@&’ﬁlﬁ%r@@ﬁﬁu bjectsaput  DC of f set
measurenent; -wireless data transceiving and DSP or mcro-controller data
processing capabilities; and 15 -reference code identification detailing
el ectrode t'y"hrs Capalhilif, BEE be EMEEETG whert, Her exaitipte, WEBUbjenh smeievgoesradul e

t t I I I d t est  dat he,
o edartih Vet acRstaiane T SNBSS s Rk AROLAST o iflbadnaesthiSie: gnal
or data SUCQdIt%ﬁ I§tréﬁér¢r§g lifP&Py %I@Idnbﬂgstahy%arrpﬁs doricetie. TREGstUaYG

EM5 EEG or o S transcel ver may al so receive various
control andmeasmcbxdmmnalxsamw o a;ioredqb@td wahlese@rsme@lﬁq ghogckdrainjstration

gerner ot on Sk St S L RE PRI nefull I & el e e
rechar geabl gp@éific analysis values associated with varying degrees of drug administration.
15 '
The system of the present invention may include localized or general motor and
sensory nerve and muscle response and arousal analysis (refer Figs.16,
17,18,34,35,37,41-45). The system may adapt algorithms used for determining
a subject’s state of consciousness (and vulnerability to anaesthesia procedure
20 recall) in accordance with monitoring and detection of the subject’s arousals
(typically detected from shifts in frequency and amplitude in monitored signals)
or muscle responses (for example during an operation or medical procedure).
The system may apply this data as an alert.or detection means for the subject’s
transition state or physiological and mind-state response to a'medical procedure
25 and a means of consciousness state detection. In other words the muscle
changes or arousal events may be indicative of muscle responses of the
subject, which in turn may indicate the subjects localised anaesthesia
effectiveness or the subject's state of consciousness and local muscle
response.
30
In particular localised monitoring and detection of muscle movement or activity
may provide a means to localise the arousal and muscle monitoring, relative to
the responsive or sensitive areas associated with a medical procedure, and

consequently may provide immediate feedback where an anaesthetised area of



single use batteries, self powered electrodes with a capability of charging
via RF or EMF induction during use or as a charging procedure. 30 A VEM
nodul e nayole/1dizeect |y attached to an EAS nodul e, or it nmeR¢gThao2aetrached to
an EAS nodule via an internediate wirelgss link or wired attachnent.

Al ternatively, patient worn or patient attached device(s) such as

headband, headulcjept dndibates mtisste mrneme r@spens%ﬂme'sterﬁywithdnadeqmte an
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t he VEM nodand.seTisery kespansescis eanjunssion; erelimedi edu\wlﬂwnt icisiopser ettt mi ty

capabi |17y TNRSrOBETES" BRI PRREL My by L i B Prohlio i 3R,
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power rechar qﬁ’yste may be wirelessly linked to a transceiver deV| ce
bont ai ned wiARERT (PROTPAR) cprogedys, WREsRIra SUBRCLS: REte cehn paapehesier and

appr opri at e leH”Sﬁh \Aﬁ% Sor r%%ﬁ? dfBheP &y dﬁ’bf;ﬁrsgg?érﬁi Sp o d;‘an dcﬁ‘éﬁt @nd

conput er de I ces erern ata nay be sto
anal ysed. Thaabyeadttlero\ﬂﬁlvbdéah operatipngirecequirey i lddudify standatd tﬂchanuuelst(ﬁrrf ace

to the M nmodul e fQr a | rpedan testin also be
w rel esiy PRAREE- CTRRPh ol SioRRcR IR oM oh Seetng GRS mev et

interface ifd s¢tefh GMhbPréseWlingéipRct i on. The | MES devi ce, Wnen

i ncorporated wwth local (incorporated in VWEM nodule) 20 or renote

(wireless or wire-linked) BIC analysis may provide analysis for detecting

The syat om SRETHERLALSER o terirpSHTaye Mt oty BiiRp. SrahbAes Rblps
( ECS) (r ef er phisgs(e¥8ked polanti®) and st 5@@1@ yeh&bMmuseleorspenss of apsubjest 25
device for sensing and neasuring Eye Opening. Eye novenent sensors (such

as pi ezt or Whil® Yrsiasaeing ar epsraoraay ”@%'rﬁf@@@d‘é@ucﬁhﬁs‘ﬂlme‘ hei{inaulsen
dinth t
used in 998&3 mgrbé’%gg)ﬁéprObzfgsle%wegfagat@h |8t¥§r<§{te fm\éeé[ﬁ)%ct s, body.

respectivel em assocl a h of aes
noni toring andtthe respohsé Haeneooe nmﬁstclee)m:asn fedtien jor arrbiakmrbrytodngl mgda

medi cal proc dure an openi ng of es can | ead to distressing views
and | ater rUGSIeO%ASFrNE R e Suderbort of KOngrpHgNes Bbl RS (e
patient miydbbfh' 08t eahfestHESal MRbAIRY) AMd determining the response and
20 performance of selected muscles or nerves of the subject may be performed
simultaneously. This “dual-monitoring” function may be particularly useful when

a subject is undergoing a delicate and precise medical. operation or procedure.

The system of the present invention may include an Integrated Anaesthesia
25 Monitoring Electrode System (IAMES)(refer Figs.16, 17,18,34,35,37,38,41-45).
IAMES may be wired or wireless. |IAMES may include a simple, low cost and
minimally intrusive electrode system, which may be disposable or reusable with
a connector interface to a replaceable EAS. Alternatively EAS may be
integrated with a Wireless Electronic Module (WEM). A version which is
30 completely disposable would typically be lower in cost and may not in some
lower cost options, include a wireless interface. The lower cost completely
disposable versions may include a low cost data logging system with low cost
display means. Low cost display means for completely disposable versions,



obj ective and accurate recording of the patient's state and anount of eye
opening is therefore desirable. A systemthat allows the user to calibrate
such an wgeopeni ng sensor may al so be of val ue. The HCMPEYstt@en@iet he
present WO 02/100267 PCT/ AU02/ 00776 384 nvention may include such a sensor
(refer Fig.34) for detecting in a calibrated manner the degree of opening
of a subj ectmay inoludeThec&EOS display mutpd! foddsdeanmepsliral fposixampte, nemdigdal and

an ECG sensor,. The a FOS s&st&rg rna%/¥ i ncl ude, conventi onal surface el ectrode
el ect r o- phy §16186% 05 PatESYRAPT LU RINRYS,-unction with a capability to
detect the position of a subject's eyelid at any point in tinme. Conbined

sensi ng of eye novenent and eye openi n% may provide a sinple, mnimally
i nvasi ve sersiend\MiyS isyateiml ey he didded inte dva conponentssinglusling gh eleatwde

ot or mat on 20RaelhsSisteinn tEaST; fad o, WERL Bl e EibEh” SRkBsHBE  ng.
system The sE&nsy shaynifeudal ftedated OVEMdaid BAS ssttiotismeort furthar ebst ECG
sensing is achieved wthin the same sensor attachnment system Speci al

desi gn vari &d¢H®Nmmy provi de sinple self-applied sensors, which can be
safely and easily applied in a manner simlar to attaching 15 a band-aid.
A further option exists using self-applied el ectrodes where the el ectrodes
may i ncl uddhe EAS sstdmds spesadicepatizmp attachedelbciroader tearesopives imenitazingabl e
conmponent . For . exanpl.e the.connector and el.ectrani ircyit be 0
Feusabl 10" wAton AT PR BneBRs of liptiseRabpntdgtanto e Wiomedupne
HCM syst em '('@fela'béib roEAlS MBIUER 8VEsHE aattifichiion f Qstéfl bIbviahgNSyt¥
position at conmencerient or at any stage during a subject's use of’ the EOS
sensor. Cal iconfigurationslp be applupedn acodedanae mithg thierspegifionglectnodei hpeand

25 det er m ni.n | i td ver,sus correspondi ng eye openi ng status)
the output ('gkéﬁetgé %@#sg:féGr?&é)ﬁﬁin‘ryi ng conditions, eg. by asking a
subject to close their eyes, and storing the respondi ng ECS signal. The

EGS systemmay incorporate the format of the WEM and the EAS. 30 The,
system B t FADincudas ¢ondustive suitaces nhigh enahbe masy atlaghef de@ patintisode
system (I SE r ef £QS - 2 ) i J sel f -
applied el eg%&og%ﬁés%/{t e Ié gtrncé\ 82%%%2%2@5@9?@8’? ﬁgg?ébjgéeﬁﬁﬂ%ﬂgmﬁ?a

el ectrode sybjeetrincindirng basmisindtion oflditesindrigltnputeronélbar plazet radeldtrodes a

Z:Jl;jcte (r:E)dZ V\ng?rr qg%gﬁtip%%w%g? e &tvrgri%bfégl, Iéfta gr?c? f?igi;r\{’teoda‘[gFIcasr(zllnftﬁeaopL}%I | ed

eye electrodes for detecting EOG electrical signal associated with eye

20 movements, chin sub-mental EMG electrodes for detecting the subject’'s chin
muscle activity and state of restfulness, A1 or A2 electrodes (dependent on the
format of the electrode system) for providing an electro-physiological reference
signal and eye lid position sensors for detecting eye opening activity and
percentage of eye opening.

25
A combination (hybrid) system may provide R&K and/or bicoherence signal
attachment in one wireless hybrid device, thus opening up avenues for large
scale home monitoring of sleep disorders, more critical applications such as
medical procedures and operations or vigilance monitoring of workers or

30 air/land/sea transport personnel. Options may include sub-mental EMG and/or
auditory sound output devices (ear-piece, headphones or speaker) and/or
auditory signal pick-up devices (surface electro-physiological electrode).



39 system An analysis nethod may be applied to the | SES device's signal
output to provide sleep/wake or bicoherence analysis. A flexible insert
may faci IwDakaoo2et asticity to accommopdate different pati eRCTSARS0776

El ectrodes may include varieties incl lé%l ng an attachabl e version and

di sposabl e dot surface re-usable 5 el ectrodes (such as from 3M and
reusabl e/ di ApVieitss Elenttonio Moduleh AVEBESsystgst mrayningludecd sdwll hew fpowet  of

the Wrel I de . Modyl WE d the Electrod hnent Syst
(EAS).  The. Y8RP, MO WEARSANRAL R (AP BYIORLI Beh & dPORMSg: A o
device 10 Wi rh@éhrethﬁy\gg&\ﬁ@é%Ri‘lloizvﬂﬁg%fn%fi@ﬁs:anm ysi s index and

"incorporating at |east wei ghted and conbi ned nodes of analysis (refer
Fi gs. 16, 17, 18, 34nt3{a@®, 0r-onésyr. mohe chppaelst ofspationt idata edwnatingpiadin they to

out put e or no nal ysi.s algorithns including a conbination of
si mul t aneous, re[;ra‘-%am?g)(’i%al ysis of R&K analysis (34), AEP (30), spectral

anal ysi s- SEF- MF (dlgctréie 6AfeERSGCarhBlificatibh (BSH Higd/er BRdbgubthéthalisyave
anal ysis (5), auditory (resg)onse (30), arousal analysis ?35) and ' body

novenent anal ysi Sfilesing, VaB@/eE ppalogiggeethingdp)isi s (36) and anaesthetic

h q : . - . o it
phase and Spect iR A IERARBRUIRIRGN o BresachRd el Wgid,
arousal det ecti osh§pds, fré¢jliensyasdramplitddé)ibchlaesiwaleformer essure 20

reference neasure, Pul se oxi mst%,\é SA02, PTT based heart rate and bl ood
pressur® with si HPIRSISHREIMRARWSBeBY%i net er, PAT anal ysis for synpathetic

arousal detectiongilddt 4050t nﬁ%@ KRt K- conpl ex-wave- acti vi ty-event

cat egori sation (4%@%né %ll)gb aHiet ﬁe’art-tenperature- PTT bl ood- pressure-
respirati on- br eatinpugD€ffadt (e@surahentpeci fi ¢ types of anal yses can be 25
determ ned by way of signal validation 's selection of anal ysis.

requi rement  ( susKIreleSy g rERsCang s PSP of givigrrantollet dati ik sRine
other) and el ect gggssilitiddIpial to the system The HCM system of the present
invention addresses the Iimtation of the prior 30 earlier art

b
presentithg a si npeéerapee eddediidgntiigation tdriailisgr elgpirede r@peemﬁggﬁoﬁ,rrpl e

nmeasure of the sphj ' t state of consciousness or hypnotic state.
This particul ar g&%?ﬁE%foﬁ;ﬁf{e& iCM syst em may comruni cate to the end- user a

si npl e measure of the subject’'s consciousness despite a vast range of
[ asurenents, ddi tion rovidi ng

C o oy B damsanoy iodhle Joag et By iokBer Saks B s
met hod the HMENSIKBHBY tAE SMpedance value across the electrode signals, quality
20 measure of signal or data such as a reference code detailing electrode type (ie.
EEG, EOG, EMG, EEG or other). The EAS transceiver module may also
receive various control and test commands such as requests to measure
impedance, generation of test or calibration waveforms, a measure of signal
quality and other data.
25 A
The WEM system may be powered via any combination of rechargeable or
single use batteries, self powered electrodes with a capability of charging via
RF or EMF induction during use or as a charging procedure.

30 A WEM module may be directly attached to an EAS module, or it may be
attached to an EAS module via an intermediate wireless link or wired
attachment. Alternatively, patient worn or patient attached device(s) such as
headband, head-cap or hat, wrist-worn or other devices may incorporate an
EAS and/or WEM module.



provi de a neans of storing and displaying all recorded raw data and out puts
of each analysis nethod for conplete systemverification and trace ability
rel ati ng womaengédi spl ay of conscious or vigilant state offCa/Adubpecs. The
raw data and 5 anal ysis data nay be st? d and available for later review,
reporting and printing, as is required fromtine to tine to verify system
per f ormance and operation The HCM system of the present invention may

[ 1 t at f
subj ootr oo ithRr SWEM D ey Bt iaelr c e, Witk o RAHS | Brsdncl Gt
pr edi ct ed Eﬁﬁmégﬂ&% fféﬁuéﬁdwpﬁ)wmﬁg% Bo®EH SLpBlentiE. DPRG VAR sysi¥m

I ncl ude predictions of ude vari ation during anaesthesia drug
adm ni strat imay dtligensadigepr I$|Qﬂ’£l’m!ﬂ’tllﬁeslgaa|§r agliatmeans (fooygeheraingrihgs. 16,

, 18,34, 35,37, 41-4 m may recogni ze 15 EEG anplitude
var| atlo{rﬁs BS‘Q”SEP%‘H'?& 'W-m%vgm%ﬁg ‘cal phenonena such as EEG bursts as
opposed to EEG anplitude variations associ ated with m)verrent or ot her
forns of artefact, such as excessive beta frequencies. The HCM system of

the present ThaviMESodevieg apay oermrelessly knad, 40 sclpéetn@x'mtbv EEGdﬁt@fr‘utal s.

B | f

o) gont 1o adPRRHhG R I A =/ PGkl HiB) RRLHAEE cabORGTOIMES) ©
chW acy of qmimllpccbmmltyorfngaltaﬂng habeviiae sd may g!_d:mdel the ziteiadrest]:l'd)feﬁ qmgesedmom
e aVIO tren rovi de ans . to edl ct state o t he e

anacst ni&i andpre & splmavered RS rovaters, Bunica by EMIS roviE “ehelath VSRR 25

anpl i tude v @idy2bé élQﬁﬂ?Wn‘R\éH)to"‘étt&n%ﬁ@véﬂ@b@féb éorﬂé?n@a' whehif ABRdderde or

patterns of EEG anp e variation t under sedation or anaesthe5|a
for exanpl eeaﬂm@dﬂem systhemconverieniorappiopriaiedacation(shalhe ¥eMenay be

aTPL1 9 e A LSRG MBI IR R AAS AP

Viai kat o Hospidréd, dispiaiyed tad/oNanalgead. anrﬁe(ramote WENMPasEte §Hay éls@cbrowde
"Theoretical elect roencephal ogram stationary spectrum f or

whi t e- nb% seadianireled dntedirce teitiel¥ficd megulg f@@ﬁnbaat'%a%!m@ed@qmﬁﬁ@@
phase ¢ ans ik Bny B pBARFA YR PO B2 B R GOFBesd Inctiai bbes an

I NCrease I n pomer ritrcal pol n

transition netvmrkmmt@t'ﬁasemtﬂu@mgcamlu@aeﬁaoﬁne@:om |l ar context to the above-
menti oned wei ghting nethods, the HCM system of the present invention may
wei ght the analysis output from anplitude analysis of the EEG signal. The

EEG The IMES device, when incorporated with local (incorporated in WEM module)
20 or remote (wireless or wire-linked) BIC analysis may provide analysis for

detecting vehicle or machine operator vigilance with a wireless electrode option.

The system of the present invention may include an Eye Opening Sensor
(EOS)(refer Figs.34, 35,37,42). The EOS system may provide an improved
25 device for sensing and measuring Eye Opening. Eye movement sensors (such
as piezo or PVD movement sensors) and electrodes (such as EOG) have been
used in the past for detecting eye movement or eye-lid movement respectively.
However one problem associated with depth of anaesthesia monitoring is the
fact that some patients awaken prematurely during a medical procedure and
30 opening of the eyes can lead to distressing views and later recall or nightmare
occurrences. A further problem is the patient may litigate in such instances. An
objective and accurate recording of the patient’'s state and amount of eye
opening is therefore desirable. A system that allows the user to calibrate such

an eye-opening sensor may also be of value. The HCM system of the present



5 anal ysis may include conparison of actual nonitored EEG signal and trends
and predicted signal or trend associated with the subject's transition from
consci ouswesig/10meronsci ousness and vi sa versa. The out put Pefi/Aamphitrede
processing may be input to a weighting ble for final 10 consideration in
the nmonitoring, detection and alerts -associated wth depth of

anaest hesi ainveytiontray #richids seehd atsensod ey, Figed4)doe detectingiih ancalibvbtedhe
subject. The s séem of the present_invention may include a Programmuabl e

Bl ectrode  MATKEF '&%d%%qee?ﬂﬂijﬂﬂ'go(?éfig}eci:?&y%G, 17, 18, 34, 35, 37). The

PEI' S apparatus 15 may provide a neans for intuitive user guidance and
operation. The user of the HCM system can select a desired function (for
exanpl e depiThedEO8mystarn dsdladesraniaystid mysitiongnpaitereant antkPGnggnsosddihieon

itori h i || uni f IE . ot hh

i spl 2y BybELH VRBr Sl Metbdls copveldioral SAte RsdroksSlechGmdiisdodieh

posi ti on onsiihal &kdnsfidC h adnjditstibACAithos @épatiﬂﬂ%}/tlé_r detett stef pesitieh estt rodes.
|

The PEI'S appar at us maééprow de a pronpting capability, indicating to the
user, whi cRubjests eyeakd af aguipcintipitisne &omkiged sensRgofeeya: Mayaranand

require re- tac C ' i ; . 25 . L
crbodi ment RS BETL G, SR B SR RS Ry sefsifg RySterh oty

el ect ro?edasumafe@tsm?cd’slraﬁekﬁemsmm pTdS\ﬂdsmveeJﬁnbfde}ﬁdﬁts anmck satef eyewwb i on
may inc]ude a Biological Blanket Sensor 30 BS). The BBS may enable a

T ed 0wt PRIGRSAGHEBS £x ErPYUS T NEPTITatiand NeraeishGan BRMS of Bieless

assi stance | 1, ; v g@ynn{ggy , '

sounds, heaF?n'g%ﬁﬁgrsn? %rrggglﬁ’gﬁ%nsﬁté@égﬁ?@rgtsés? Pul se ai’rggrr%i perﬁgﬁ'@l;iaprg%ﬂ ood
pressure anenbediment, uwberel® EDG08263INGCH AobiRved7Wihin Zh&hsarBBSsap$eir at us
may be sensitised wth sensgr el nts whereby the sensor reac t Q.

subj ect mv@h@ﬁtﬂm@\g{@ysﬁﬁma Rﬁﬁ'&gggﬁ'gf‘d@é@&ﬂeé &Y grovf %Fg?ﬁ“@eseifﬁ%‘?}[ﬁﬁd,

pi ezo or PVBegb&EEGhidh AN bd safdy éMéte%%]IPBpf)ﬁ& i £ ARifinet BAIMkrite AtdeMing
include a Biological Sensor Oxineter wth |Integrated and Wrel ess-Linked
ECG andl&ul gdandaaigi ent Time (PTT) Mnitoring and Analysis (refer Fig.

33). The latter apparatus may nonitor a subject's blood pressure
variation, mcro-arousal detection for detecting sleep or consciousness

f ragment at i anfufies toptioh axists ussiigibelfapphied dldotiodes wierdethehelettrddes may

anaest hesi a, consci ousness mpni toring and anal gsi 53, oxi met rr\]/,_ te er&t ure,
include a low cost disposable "component and & more expensive reusable

component. For example the connector and ‘electronics circuit may be

20 reusable, while the applied section of the sensor may be disposable.

The HCM system may also provide an improved capability for calibrating eye
position at commencement or at any stage during a subject’s use of the EOS
sensor. Calibration may be applied by determining (measuring, storing and

25 determining calibration data versus correspond.ing eye opening status) the
output of the EOS sensor under varying conditions, eg. by asking a subject to
close their eyes, and storing the responding EOS signal. The EOS system may
incorporate the format of the WEM and the EAS.

30 The system of the present invention may include an Integrated Sleep Electrode
system (ISES)(refer Figs.35, 37,42). The ISES device may provide a self-
applied electrode system for sleep/wake analysis of a subject. The electrode
system may attach outer malbar or any two EEG electrodes to a subject’s
forehead as part of a monolithic self-adhesive and seli-applied electrode



ECG wavef orm and anal ysis, heart rate variability and cardi o-bali stogram
respiratory nonitoring output and respiratory event detection. Prior art
non- i nvaswoe2hbed pressure devices utilise techni ques sueoTadobvoger 15
attachnment probes. These finger attachmgnt systens apply pressure to a
patient's finger and can becone unconfortable after a period of attachnent
to the patsystem. CAheanah,csis netfasd myme)appliﬁde’ssthued%devimrsﬂgnai@w&xﬁeen

presented i clud t hods. One suc u Iltatlve ne

qual itative™ QF(?‘ngqﬁg?r? \P’a%ﬁ z)erﬁ%gﬁ%nqe HAusErTH IBIPIeARR mayaftac(fgate

cal cul ati ong|gQtisity lthShdcbraRddate Hiff el PaliehtrlizdsECHlebRYSES dﬁﬂﬁclhhé

pul se waveform of' the subject. The ECG waveformis typically derived from

a chest |ocmreetle|§oecltwmg abeattachebleoversian adheisnosableedplswéacgateteable may

or obe. ait achirehpUss (gBoF i FBRRSER At toapRYsRp sty deBlodds, THIRES: o

for derivi ngysﬁéﬁi =8t inciudel thedformap of 38e \Wirgleks eElestréds dbdute (VWEM) and
rel ati onshlg@ whi ch exi sts between PTT agd Bl ood pressure. Plethysnograph
data may al §@ Blectiode AttachsreiiSysiem {5Apat heti c arousal conditions (104),

which may be related to stress or anxiety and which are physiol ogi cal
signs of premature awakeni ng. 30 However a nunber of patient nonitoring
appl i cat i onShe eystere afdhéipreserd invehtiool msy indudea usémprograrothaple device

o1 aod pitkestitB TeARheE YebRuiekiarae e 5Ran 8BE 1 et AIOS A AR tvs

Fur t her nor eygidhtéd %memma Mb@%bvcﬁ é’iﬁ’él?ﬁgs(réfﬁf F%é)%l w a834,85,37,41-
measurenment typically involve a cuff device placed around the subject's

upper ar m 45he Thef appasatus: mayy inghicens | capediliin do etpul @re 06 Mergsanalysisood

Pat  ent - on A08THERE dilutipgcy SoMEREion O HoBIERBRLE, kR, ARvugtratsR
bl ood- pr essghglysige YENEP'E f30)0|sﬁd©tréﬂf bA&NBIBASERINIE ﬁl)t Bl&bhb#ewcel (BIxyt abl e
and def| at eabl e =~ ban st these wistband cuff blood pressure systens,

are potént i analysis<ss), 'ﬂl’i’@h!ﬂiaVé %ﬂ@%'%@eﬁu@m\‘ydﬁﬁpo'ﬂ%@@yﬁwﬁ@' analysis
apparent 't hﬁ Qn%fdsﬁbﬂ Bverrn@lwi 355]%15339{) S&pééﬁ%tl el SndlPdi§ (’3% aRpabl e

to sensitiv posttioning- an ty In I'ning” a consi stent
and .reli abbnaeﬂhamlr}mmetanthspbctmlfénergpe/arsaymeemeaamremmﬁ insss$ociadibnnel y

for areal-ti and continyous bl oqd press ni toring a Iic lqns -
(such as deWﬂﬁ the éHQ@é‘E?leg?t& °?895??'9?§?%§Sd@r ﬁﬁseahﬁanggg’%g @Lrl

moni tor i Ng) pesE] tRoAEM! Q&teclbS 3TN, PTT AREaSREPLRY IR VT Aed! usueeasﬁeéﬁnee of
such nmeasurenent techni ques.

20 reference measure, Pulse oximetry SA02, PTT based heart rate and blood
pressure with simple non-invasive oximeter, PAT analysis for sympathetic
arousal detection(104-108), EEG  spike-K-complex-wave-activity-event
categorisation (47) and bio-blanket heart-temperature-PTT blood-pressure-
respiration-breathing sound (49). The specific types of analyses can be

25 determined by way of signal validation, user’s selection of analysis requirement
(such as depth of anaesthesia, vigilance, sleep-wake and other) and electrodes

input to the system.

The HCM system of the present invention addresses the limitation of the prior
30 earlier art by presenting a simple mode of display to the user which represents
a simple measure of the subject’s current state of consciousness or hypnotic
state. This particular aspect of the HCM system may communicate o the end-
user a simple measure of the subject’'s consciousness despite a vast range of
complex analysis measurements, as detailed herein. In addition to providing a



15 An object of real-tine blood pressure, neasurenent technique is to apply
a 3- point wireless localised network (raw data and analysis results may be
transm t two okoo@eT enot e conputer, if required) to provi dePaTmuened7by non-
i nvasive, mnimally obtrusive bl ood pr ure measurenment apparatus. One 20
aspect of this apparatus is that the clinically accepted standard for
upper - arm @irhplei ovérall i rnaasieennit candreisplaye methodrdhe glGW dgstent inaglson and

absol ute bl god . pressure sur enent .l e the oxinmeter finger .(for
xanpl e - angoYiEs = anns L paio Aa0 e ot A5edtied ThEL A R U Pl oter
with plethyszegr sid RiciMod ¢6r MFI@té’\@yﬁéW verifieation andr teasn hbiffy retateg
transit tinme) and ECG 25 surface el ectrode may provide a reference heart

si gnal to bdo@wddisplaycehpentsiouh ofivigiaphstadaiofa skibjeichgethetav lada @il t o

pr oduce cal ti N T Sy r NS ' lse fr it
e i s Tecananel @ akdf sioted abft ableR poaTel ol o/Holtnd i
(31, 32). 3@rihing0as rigsiequired hieomr tive @& timeh®d kENfysgpdtem perfoiraants et

i nvention may apply periodic cuff attached (arm wist or other patient
attachnent [OPEERUOSR) bl ood- pressure neasurenent system in conjunction

wi th an oxineter pul se waveform and ECG waveform (for PTT cal cul ation).
The nmethod of utilising the PTT (by way of oxineter pul se wave and ECG
wavef orn) t ddet HEM eystenpef thed present inwabtion /MA0 1BFrovETddEUBaE\00f Gdictibnbas ed

D o IS B SaRe TR S5 BeEF s v Al e
bl 00d- pr ess g\ iRfsS VAR AEHS Mtﬁ(r]@ﬁeﬁﬁ;téﬁ_ EERpplRids! valigtichs wherd phediciear ds
t he baseline quantitative bl ood-pressure val ue may be derived fromthe cuff

5 bl ood- pr e&hfs ebehavigir may incudsiredigiens af EigGarmpditudes viariatien plusigur e

val ue nmay rived m PIT.val . Ih ef4 t_ of | St . of
aystem o Avearteyeo g e Rlaudt pGast BeBBlrY artectiiele ¥aBion .,
whi l'e mai ni20yvicher PRIS. B! 17018,84,85(87, 4 THERTENE | HEM Wystérf imali etognite
deflation only at periodic time intervals. 10 Furthernore the system may
simplifid ugﬁG:%@rta@eovar\ﬁtlpﬁsaﬁﬂOP@&d sHthophygielegicad phenoaensnRee iadn of
t he pul se o4 I r ] i

 nt er conneotiing TR 2P R EaT oIy e R AT R plistod wih Ifaident |
renot e w r eloestheriformns ef brtefeet] sticheay exoebsias baetg fegaeanciesni t ori ng devi ce),
at 15 the ECG el ectrode attachnent site, at the oxineter finger probe site
or the

The HCM system of the present invention may apply amplitude analysis to the
20 EEG signals. By analysing monitored EEG amplitudes from a subject and
comparing this signal to a pre-known amplitude trend or signal behaviour, it may
enhance accuracy of prediction of anaesthetic drug administration. The “pre-
known” behaviour trend may provide.a means to predict the state of the depth
of anaesthesia by referencing a known or predicted sequence or trend of EEG
25 amplitude variation (behaviour) with the subject’'s actual EEG amplitude or
patterns of EEG amplitude variation whilst under sedation or anaesthesia, for

example.

The HCM system of the present invention, may reference amplitude trend
30 predictions and signal modelling such as described by Moira L. Steyne-Ross
and D.A. Steyne-Ross, of Department of Anaesthetics, Waikato Hospital,
Hamilton, New Zealand (29) in a paper entilled “Theoretical
electroencephalogram stationary specirum for white-noise-driven cortex:
Evidence for a general anaesthetic-induced phase transition”. This paper



bl ood pressure cuff site. The system of the present invention may include
an audi ovi sual recall and speech sensory validation system (refer Fig.
43) . The wetoeaoo2emy provi de 20 audi ovi sual recall or replrayg/Aandoeizee
synchroni sation with depth of anaest he§i1a anal ysis data and raw dat a.
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20 various surface electrodes.

The PEIS apparatus may provide a prompting capability, indicating to the user,
which electrodes require attention, eg. surface electrode may require re-
attachment due to excessive impedance.

25
In a preferred embodiment the PEIS apparatus may include a touch screen

programmable electrode attachment guidance system.

The system of the present invention may include a Biological Blanket Sensor

30 (BBS). The BBS may enable a wired or wireless interface providing a range of
measurements for assistance in determining arousal movements, body
movement, breathing sounds, heart sounds, respiration, heart rate, Pulse
Transient Time, Blood pressure and temperature.



20 i s exceeded may be linked to detection of "environnental"” and/or system
generated audi o threshol d bei ng exceeded, where "environnental" audio

denot es aw0ioe/1626Drded in the operating theatre from nusi ®CTsyI®e00T76r ot her
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oo |1 110 maghaesiuEr AuAatsipusesaoentoBd, Atk cbalysisly oxoidin. BRGE AR
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t he aIIeged audi o recall of specCific nusic or words was i ndeed prdobable.

The "envi r orgapinatoryauanisoringewipat agd respinatoryavea! dateslioneans of a 10
patient attached mcrophone such as a, mcrophone attached to an outward
side of the patient's earpiece or headset speaker system (as applied for

generating priopddi Ros-invelsivieoblobddireosure lavicss Hdisentechhiqued Bush tagpngdr
met hod has an advant age of Tgr ovi di ng a dual - purpose sensor/speaker system
f

while &9 soaBa@*Mﬂéﬂh@@b@%l esanfinad r aitachsnent gistedisiapRYpreRssse i g éd
with the F&Ff?%ﬁjt'rs?ﬂggér H5@'cbAb bRt ThcorhfIriadid ﬁé{te"‘e acegfjﬁ%g@e caxr .

visual reca an operation, an appropria
that is ti rrmawmielntmatbdr wldrhmpbswe oblogd cptessde aneashmnadmsih'.awwbeeacor d
t he al |l eged vi si

e L e9e 2 GHTB, AEsabd Hhelipds GRS ShgetR £ "
exanpl e. FopuhRgfle RIERABER diPaIsk aahkit YTifRY (FIEtEBY means of a calculation
20 utilising the electrocardiograph (ECG) waveform and the pulse waveform of the
subject. The ECG waveform is typically derived from a chest located ECG
surface electrode attachment. The pulse waveform may be derived from the
plethysmograph pulse waveform of a pulse oximeter probe attachment at a
location such as a patient’s finger. The calculation for deriving qualitative blood
25 pressure value is based on the relationship, which exists between PTT and
Blood pressure. Plethysmograph data may also be used to establish
sympathetic arousal conditions (104), which may be related to stress or anxiety
and which are physiological signs of premature awakening.

30 However a number of patient monitoring applications require continuous and
close to real-time blood pressure measures of the subject to detect a significant

physiological blood-pressure change or related event.



whet her a subject's alleged vision recall was indeed possible as opposed to
| npossi bl e, such as when the patient's eyes are both closed. 25 In other
wor ds, thwoggaoewest may all ow audio validation- i.e. if thePSTNWend756 AEP
data indicated that the alleged audio rggall was coincident with inactive
auditory evoked potential, for exanple, this may support data for nedical
def ence agdiumthermors o exésiingl opprinatmoninvbsives . methmdsar ffgr vibitegl-pfesshee
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may be asso®@afisd WSt thesmweisthandcyfbhiond nressuys systems. arapotentially fesschi ps
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physi ol ogi cal ar amet ysi ol ogi ca
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patient's face may then be identical except for reflections of the eyes. By

15 subt r act imeitaiageapplications (tichaas depth ofrangesthasia, gespigatory diserdartgnsct ' s

moasur ed’ t o S hitoe idingd; Bub RGBSl o ROER e oeielpRly
openi ng and ikddriviénichates sath teasiirbineet tdcBRjqueshi s data utilising PERCLCS
nmet hods may be used as a relatively reliable neasure in the HCM system to

ensure tPat a subj ects 20 eye openings particularly when the subject should

be anaest helsedieands iR GiotSoiclifie BRAFURCAPERIARE|SHS Ay by Svi de

a ,sinple nmeasure o per cent age ye opening of a pati y
cl early i ndipo#ttewireldssoloodlised| netverrkl {raar datd eamid adnal@sis avedudisi nyofbet he

Thvent 1 on mETRRERGhA0 & TICta: COmRHA afleacG5a) d Provide & rinimaiy non-
invasive, minimally obtrusive blood pressure measurement apparatus. One

20 aspect of this apparatus is that the clinically accepted standard for upper-arm
cuff inflation/deflation measurement may provide calibration and absolute blood
pressure measurement, while the oximeter finger .(for example - another
location for oximeter pulse) SAO2 measurement together with plethysmograph
(provides pulse waveform for measurement of pulse transit time) and ECG

25 surface electrode may provide a reference heart signal to be used in
conjunction with the oximeter finger pulse signal to produce a calculation in real-

time for pulse transit time. Pulse transit time is recognised as a means of
qualitative blood pressure measurement (31, 32). '

30 In contrast to the prior art the HCM system of the present invention may apply
periodic cuff attached (arm, wrist or other patient attachment location) blood-
pressure measurement system, in conjunction with an oximeter pulse waveform
and ECG waveform (for PTT calculation). The method of utilising the PTT (by

way of oximeter puise wave and ECG waveform) together with periodic cuff



for linb-controlled alarm (refer Fig. 44). The HCM system may i ncl ude a
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at t achnent oot nov venent or ot her appro
10 neans of ppaodicdimemswiatsusness signal ling. The system of the present
i nventi gf may include a Wreless Electrode system with automatic quality

verifi c1 i on, redundant el ectrode substitution, and m ni nal
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el ectrode c i q&ﬁr amc signal quality for detecting current or
pendi ng el egﬁaggseﬂegggrgl ensg‘{ér?efer drawi ngs). Paths of data storage may

i nclude | ocalised condensed data or secondary 25 (analysis results) data

storage, or_renote raw data (mniyal or no conpression or,copndensing (data
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analysis data and raw data. Audiovisual recall may provide a means to
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monitoring.

25 The audiovisual system may be configured in several options. One option may
include a capability to store more than one audio channel synchronised with the
subject’'s measured physiological data. The stored and monitored (and
optionally analysed or condensed) audio channel may include sound or speech
associated with the subject, to accommodate monitoring and detection

30 associated with the subject's speech sensory system. This function may be
deployed as a last line of defence where a partly anaesthetised patient is
attempting to notify the medical team, in case of partial or complete
consciousness associated with potential undesired recall of a medical

procedure.



"El ectrode application” types may include ECG EM5 nuscle activity, piezo
novenment detection, bi-coherence EEG and EOG  "Characterisation"” my

i ncl ude swopkaorat es, data anal ysis types, data WO 02/ 100P6T/ARCTHMIO2/ 00776
49 condensing formats, data storage ratgs, data storage format, optimal
power managenent, and el ectrical and processing optimsation. Data fornmat
may i nclude on-board el ectrode data storage, versus renbte patient worn
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25 useabl e devi.ce or a conbination of a disposable electrode section and a
re- usehdl c2Bpsed Sates. and wirel ess section. The apparatus may incl ude
means to sinultaneously sense (Wwth el ectrodes or transducer), nonitor,
record and anal yse bi o-physi ol ogical data within a "local" (el ectrode

devi ce nodulOne exemply cfeanceaudichiahé/or nadeor ‘relevantiagent omay" bernwhere @wr i st

o o Sl b, RO b She S 6 o Satnl et 95 brooLee Blatnd) 8t .
device may BH@MidPiG JARBIST consciousness. Detection that the audio evoked threshold
20 is exceeded may be linked to detection of “environmental® and/or system
generated audio threshold being exceeded, where “environmental” audio
denotes audio recorded in the operating theatre from music, speech or other
sources of noise. “System- generated audio” refers to the audio stimulus click,
which may be applied to the patient's ear or ears during an operating

25 procedure.

The system may detect-incidence of exceeding a preset environmental audio
threshold in conjunction with a physiological event such as audio evoked
potential amplitude exceeding a certain threshold condition (typically a certain
30 averaged amplitude measured with a certain time delay from a trigger point).
This “capability” may provide an efficient (subject to system or user threshold
programming) method for validating or evidence of a likely incidence of audio
recall associated with a procedure involving application of anaesthesia. The
system may present in a condensed graphic or numeric form an association



of transmtting and storing | ess condensed and nore conprehensive data, as
may be required for clinical or research diagnosis or validation of

di agnosi swoWww10R267100267 PCT/ AU0O2/ 00776 50 The syst em nay Pofrfadn2/aemnye

conbi nation of very | ow power "self-poygred” systemoperation. Very |ow
power operation is possible by utilising transmtted EMF or radi o energy,
from a r enobetweeran the suljjeet’ steearing statusi(as getectedfppheareaudia samsonenefvepower
for the system. The apparatus .5 may .he .pr.qvided in a.for ich is
reusabl e or "Eﬂr‘éﬁ?ﬂggbfsg’?‘abnaﬁs?‘agtrﬂdi &V'&}n'@ﬂgiﬂﬂ%e ecl’#e(,epygarémgbt%\/i{%?)%%%bqaé t he

devi ce may QetrRed FBH #6 tedofding Of BudiPiWRhinCAB dHRERSS L ONIRIIMGerti! a
such that the data can be stored in the device and nay di Sﬁ| ay various

forms of indbis olassotipiien’sumanr gllowhihe 1systemplusgr nigy eficiently myesiigater e

the indegx. cgan [esen n 0 i t i e f e
state ( cu GonelR) B R bRl T neClasbhEe AE R YkBeR At ekl 13 ren
stage 1, st Rl pursdsk@ethid, faslliggmay, deveiewhbthemaadiubjectfs suiozepsory nérve

bi - coherence el ectrodes. Accordingly, the apparatus may record data

representi ng'atshi@d%ﬁj active das) WS@F# f%lr@ﬁﬁ‘ﬁe Sluripg| 30 &PcPEseings %Fé@t”@ 15
sl eep effi clypgerd thd l@gﬂhaaﬂ%' t&alPof h@&écﬁt’fhc%@si?‘%k%or%e%@r ifd2®d
subject is receiving appropriate rest or ‘quality of rest or quality of
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drowsi ness or depth of anaesthesia nonitoring. systemmay utilise
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mniature agtive el.ectrode and: .t sgeiver I.Ce. ' [ 0f an
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the appar at ufso Previditlg epeeifiec indddiréetion:l aasdioayickiupy isdsosiatdd omith Stbe
anplifier (close to or directly connected to the subject's surface

el ectrdde coatiaris hedrindksifdemst ri ngent el ectrode application requirenents
of conventional electrode systens. The fact that the electrode anplifier
is 30 relatively close to the electrode (and thus the electrical signal
derived fro@imharly,saihgéreubj sabjest sélaims wiswaale)yealoidisingoiare quecatign,nanmal |y
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20 compared to Systems detection (manual, automatic or computer assisted) of a
subject’s eye opening for example. For legal purposes this facility may detect
whether a subject’s alleged vision recall was indeed possible as opposed to

impossible, such as when the patient’s eyes are both closed.

25 In other words, the system may allow audio validation- i.e. if the subject's AEP
data indicated that the alleged audio recall was coincident with inactive auditory
evoked potential, for example, this may support data for medical defence
against audio recall operation claims. Similarly video of the patient could
disclose whether or not visual recall claims coincided with patient eye open

30 status.

In another example, bi-coherence analysis of importance such as where
specific threshold conditions are exceeded may be validated by reviewing it in a
time-synchronised format with video and audio recorded during a subject’s
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system bandw dth has reached or approaches systemlintations, the user
may be alerted. In this way the 25 physiol ogi cal el ectrode wi rel ess system
is a virtuah firingr ontiop mayspettenysentwve snmU%pneowm agsired rimag@sy where

el ayi ng bopAobyEPB aEaufed s & dimerens Ml RsTRpT B ght ' REhEHRnS it s
i npedance chggitRIfadkRimady #idrobevidehtedl oxcept fos sefiéctiond ofameueyaent By
si gnal ﬂ_luallty checki ng and associ at ed_ adj ustnent s, el ectrode

E ubsEI it f)ﬂUléiﬁ%PttﬁlghﬂTesqu& irages, Tfhéh'§‘§'é'ff‘@gﬁn%@nﬁ'ﬂ&\guﬂfet@p?@él&%%&yleﬁum
] |
ased wire %égpf%ékgg? BRAAP e IM45E TNiAY dABhEs fegés Iy BBIrfE BB to

moni tori ng an anaest'hesia “nonitoring ano er applications
(refer Figspraddde 3adnodvasie @5 nodmarsh@0arasBET, /oAGQés @pentg &ad blink

Utilisation of an acti tr st for_vigilagnce.,in-vehicle

ot £ ori ng. ratRs A0 dag HPIEcE KO + PR dla oS PRRELARE Fpthods i he nepey

el ectrode systLRIafifly reliable measure in the HCM system, to ensure that a subjects
20 eye openings particularly when the subject should be anaesthetised and

unconscious (100).

The eye opening value may provide a simple measure of the percentage of eye
opening of a patient and may clearly indicate risk of visual recall or potential
25 awakening of the subject, during an anaesthesia procedure.

The system of the present invention may include a patient alarm alert system
for limb-controlled alarm (refer Fig. 44). The HCM system may include a wire or
wireless remote device connected to or accessible by any patient limb or other
30 location near or attached to the patient's body. This remote device may contain
at least a means for detecting or alarming system users or healthcare workers
that the patient is in distress or requires attention. This remote device may
allow the subject or patient a form of “final line of defence” to premature

wakening or consciousness onset. If, for example, a patient is undergoing a



provide a self-applied driver vigilance electrode nonitoring system In one
5 enbodi nent, for exanple, a driver could apply a self-adhesive active

wi r el ess wbhinket6f or ehead el ectrode system The el ect r ode PEystUsa0omay

i nclude a re-usable section that contai the nore expensive active

el ectronics and wireless circuitry, and a di sposable section 10 that

cont ai ns t héocalrdnaestheltiecprocddarsgnhishndodsonat aflownterbabnotification ofopaime re
usabl e section. .Such, apparat us -.Suitable for . a mnimally jnvasive
e eht ol o cHPgiisHie B 06 Brtiapedte (TGN SYHRRIS rolioss i Raavl alPucibe
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t echnol ogi es associated wi th _measurenent of driver-novenent and activity
sensors ( Bu@hdrihe 1&g )of snighayain expederes. nQthrrdorns iewukiectrigetypp of anedieak he
present inv ' [ | | cal ' Si s
time | ag coﬁgéaéneg%{?%ﬁq %Aeel%(ﬁg?@;ﬁ w&ﬂgg’ g’{)ﬁ% ?m%jem\%%gﬁga&gh@g%t)ﬁe |Iéz’{a’ drug
admi ni st r at aarattahnient femddtectiny foot mealenéntpepg aiovementtaralth@Sappropliate
changes, and the apparatus is able to, predict changes instantly for the
user t ol GvoiMEAPHT RN Gﬁ&%’ﬂscaﬁ)\!lﬂ‘eé&rﬁ'&i‘@ﬂ%tion associ ated with natural
hysteresis or delay factors such as del ay between the instant of drug

adm ni stration and the hunan body's physi ol ogi cal paraneters (as nonitored
by the appdhatsysjemefpgbadirageniinvaetiah mpyadeiudiesa Wiréleas EdectMide systeryw i s
applicabl e to,paranet.ers ch as _pxygen satuyration where. the ysi ol ogi cal
Gata readt i HAUGBRNS Tt eater) YeduaEu Ted e S SulisfushONia e’ ne
nature of tBensBLEIEEFOIE afBEMPENAS téhﬁ(;b@d}"é%s.@mw@mym@ HICRPSYstery gen
col our change. WO 02/100267_ PCT/ AU02/ 00776 The system of the present

i nvent i B mEyay yovide & mhipiaalibdoxasive pmpthed @nsy apparaiust fer aRiIREs a
drug rate o(,; Welg | i | em
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degrees andapplesgion) Horfreadbaldcatant satfaed f etédtragldshe wirelgss admoriicsthgat i on

rocess. The drug delivery systens may include byt, are not .
P connection, actlveyelegtrode for d¥y electrode minimal electrode preparation,

automatic electrode impedance measurement for detecting potential electrode

20 quality problems, redundant electrode substitution for substituting back-up
electrodes for poor quality electrode connections and dynamic signal quality for
detecting current or pending electrode probiems (refer drawings).

Paths of data storage may include localised condensed data or secondary
25 (analysis results) data storage, or remote raw data (minimal or no

compression or condensing data techniques).

A specialised identification connection system may allow automatic
identification and channel characterisation (system configuration to suit
30 particular channel type) for matching between electrode application types.
“Electrode application” types may include ECG, EMG, muscle activity,
piezo movement detection, bi-coherence EEG, and EOG.

“Characterisation” may include sample rates, data analysis types, data



limted to gas ventilation or ventilation or gas delivery systens, drug
perfusion systens, anongst other drug delivery systens. "Varying degrees”
of drug IWodeldozery may i nclude a capability to limt dru@Cadeltiozeerseor
provi de degrees of drug delivery or drgg delivery mxture in accordance
wWith predetermined nonitoring or analysis paraneters associated with the
HCM Syst em cBhdergsige forhatshedatee stotagenvates, odatenystoragel dfermaty optiasal
Patient Electrode 15 Identification and Characterisation functi ondl DCF) .
Thi s functi PAWaly aRAgerseat, apdnsledricahans, pregeseinduphiisationy Lafant ity
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el ectrodes, ject) or optical or 20 magnetic
code seduence, where a unique code is associated with each uni que

el ectrode type. Various electrode types may be identified for groups of
physi ol ogi cehavactedsation mayi alsosingludet aliasingndilteh seqittasments; bighzpass/low-
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An exanpl e withaa “bapdiaidt style arfcattadbooentelat a sibjett s fages femmenjtobipgviher e a
nurse applies, a ﬁeri es.of C|@%I‘| I&ﬁel | ed el eﬂ]rodes apd the re of the
syst em oper StPISALS S"QUPGrY: P "|*§'Ieé 19 §OHEGS a5 TNe RPRAATUEaV! d%up in
accordance Wddnst e irfcdkgsrbrd 1188 eicfapHoney 888sor\amblifid A0S TfilRARy \diarge 776
54 The IDCF is also useful if the application for the wreless el ectrode
system i s aandiGRUeitheras athsewavyay aispasable Rustemsorswith the prareexpengive

vehi cl riyer. r | | | - of Si [ I.ng.
The co neéﬁe&@f‘f‘;@aﬁ%@%@f{ ﬁ]@ﬁJeVrggrae I%bgﬂn%%geér\)ﬁﬁﬁgmhgg@% icgg gi\’g@%ﬂﬁ
charact eri sgid eppharatas d9rtevided s a totdiyt edsposablef utiheaeieahs dde seppiag
active el ectrode signal handling and | ater rfgar%gl si s techni

i ncor por at i APNEPENG i&e reaPTHNGHANE SRBNEMELINSAIB] %%PF%‘{'de(gﬁgﬁ?Wgsﬁoﬁay
P vent o B B4t BaiRpepihrind Pl BLPRAAS The B 1 il ey
fati gue nothd analyged Hata results may include a low cost means such as a permanent
20 graphical chemical reaction associated with markers, coding or other visual
based system. Alternatively a digital wired connection, optical connection or
magnetic means of connection may be used to download the stored data
results. A device may provide a means for recording airflow or. bruxism events
(via vibration or cheek muscle electrical activity) either as a disposable or re-
25 useable device or a combination of a disposable electrode section and a re-
useable electronics and wireless section. The apparatus may include means to
simultaneously sense (with electrodes or transducer), monitor, record and
analyse bio-physiological data within a “local” (electrode device module)
memory device, while transmitting data to a “remote” (wrist watch or remote
30 computer device) device. The “local” device may provide limited storage due to
size, cost and power restraints, while the “remote” device may provide a means
of transmitting and storing less condensed and more comprehensive data, as

may be required for clinical or research diagnosis or validation of diagnosis.



This function may be particularly useful for depth of anaesthesia or a
vehicl e based vigilance systemwhere the user needs to have a systemthat
is as mwommahoesd "fool - proof"as possible. 15 The | DCF systatoxay’7al so
help to ensure that only known re-usablg or disposable el ectrodes are used
with the systemand that optimal characterisation and system set-ups are

aut omat i cal Theapysdteat nay afferr almn cembination lof \earlyelone powlerciseligowegret. 20
SUMVARY OF THE | NVENTI C]\l The HCI\/I system of the gr esent invention nay
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The HCM syste y i ncorporate rea ase equency

anal ysi s5 of rrfa;sbéjmetndecmreatfonnemm&ﬂhw wsmmle Bheiuskﬂmmex em nmay provide
a means to weight the output of various types of analysis and produce a

conbi ned anal ysis or display for precise indication or alert to various 30

users of thg, 33@&;& \évbfbr%r télgﬁt]r@cfe fsogl @%b@%ﬁfeegemg bé Qbnfi rﬁB‘?n gnd

di splay two or i physSi© a parane rs or al'yse one
or nore confyrigiwiicts can proeessuad comderaesdataauet that thetdata dah detstorbidsipl ay,
store, condense and WO 02/ 100267 PCT/ AUD2/ 00776 ., 55 summari se data ior a

range of apﬁlﬂ gavicerandh &R ISPy YRRUSIHMSoPH Igex AraPUtPHb SYBTR¥nedBiS The
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condensed dat at a as arousals per hour and
ot her i ndexdsbected irabu:ﬂeep andvaj;eamatec(cduhdplbaﬁsyeahalge epoombiratians afistated

W th rmnitori .hu cons m COLE Iatetvvo or
nore sets o'ln %OPBB%%)\W&%% e’r Qﬂﬁ%ﬁ?%g gsﬁ{m% $ioW lfﬁ"ok%m? ans
tertiary angf lééysar;%ik”dfsblaéxﬁ%?eﬁé@‘ae@tﬁdﬂj@mﬁ&bm]ﬁgl@ WRE appRRSttiSOHIYESS .
10 The HMC system nay be applied to nonitorin of anaesthesia for

opti mal adrﬁqcnrcétdlaéa representingthe: sibiee 'soslegR e tczlﬁ@é'dm ielsted fo theasubiagist he

subj ect Vi Q S to
ot tor 1%y FeePoaeighE yinid rRYRE e bAGL R oBel L SUBBRLR: ance
for tranSpOl‘éce@\nﬁg nepsprop ﬁateV\méthqu@dﬂiﬂytdf mﬂtdmd;dalm ofielesrr \Similatlga f or
adm ni stering therapeutlc 15 treatnent such_as druy s.or the ltke to
t he subj ect combination of a wristwatch based activity monltormg ? 86) and wireless
electrode (such as for bi-coherence electrode monitoring) to wristwatch storage
and processing may provide a low cost, minimally invasive and potentially

20 highly accurate means of sleep, drowsiness or depth of anaesthesia monitoring.

The system may utilise special re-usable or .disposable electrodes in

conjunction with a miniature active electrode and.transceiver device.

25 A combination of an active electrode and transceiver may provide a unique
combination within the apparatus. The active electrode interface may provide a
localised amplifier (close to or directly connected to the subject’s surface
electrode contact) to reduce stringent electrode application requirements of
conventional electrode systems. The fact that the electrode amplifier is

30 relatively close to the electrode (and thus the electrical signal derived from the
said subject's skin surface) avoids noise pickup normally associated with
conventional electrodes. Conventional electrodes have wires of up o 1 metre
length, with the electrode amplifier being located some distance from the end of
this wire. By buffering or amplifying the patient electrode directly at the point of



The HMC system may wei ght the outputs of one or nore analysis algorithns

I ncl udi ng conbi nati on of sinultaneous, real-tinme analysis of R&K anal ysis
(34, 45,wWo6p/1088P (30), spectral anal ysi s SEF- MF (30), Bircanuseeowe (Bl C)
analysis 20 (33), initial wave anal ysi S§ audi tory response (30),
arousal analysis (35) and body novenen anal ysis (34), 95% spectral edge
anal ysi s (3©ptien‘d skinesurfatec attmhmm,nda qu;tteurallmpaéalgge vardyanoe used.
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unlque measure of stress or nmental anX|et glte t he st

patient's sttla@é”hﬁ" ofa velisiesnay apppprit ékﬁp rgﬂ@atm is/lrrdaeahead vith itlgiafgo o
one aspect e [ rayi ded a nmet hod of

noni toring né%?ggénsz@gé{) &%%rgedrﬁﬂa{@ﬁ b%n ézi%d automatically detecting
WO 02/ 100267 PCT/ AU02/ 00776 56 whet her the subj ect isin atransition from
a conscious state to a Ies con state or, vice ver reduci ng

o fect 101 Abalenede BrplRioRaNGLLer b egpBictLnou SERF InoAR IesCkilgFec:
sai d met hod g 9{,!4@%9)1% Pé@ééH hs, B5® o@@é'tofar\/?@ﬂ Fr@affé@m%;ougﬂ (ii)
performng a requency ase anal is on the EEG sig obtal n
frequency bakid cgansiig qnd |spnpg:~tmmsn1|glgt abasion) l@as'é:dnaaailq/rml alectiage EEG
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is in transigo gnid OO ﬁ%lﬂngqnﬁfém&es\m@@ fe@ultSii @hdrewrg@omwewﬁcét(mte or
vice versa, and (v) providing a warning signal when said subject is in said

transi t19n wcenveatianat opassygs §l9§tr@del§YAtﬁf6?)d|W@ttdh9 fdpsingdr mepieredof
th t

non- ot at Fond S BUIG SRl bely BedehdfecysdBis 87 uilis 2187 G actve
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subj ect, said segnents including portions in which said signal
results:

20 A wireless protocol may include a capability to continually scan for new devices
and allocéted bandwidth requirements to accommodate incremental or
decremental demands upon the number of system channels and aggregated
data bandwidth requirements. Similarly, where system bandwidth has reached
or approaches system limitations, the user may be alerted. In this way the

25  physiological electrode wireless system is a virtual plug and play system, with
simple and user friendly application. The wireless protocol may also manage
functions such as relaying both physiological data and commands for
continuous electrode impedance checking, calibration validation or associated
adjustments, sighal quality checking and associated adjustments, electrode

30 substitution and other functions.

The system may include Spread-spectrum based wireless, active electrode
system suitable for in-vehicle EEG monitoring and depth of anaesthesia
monitoring amongst other applications (refer Figs. 33, 34, 37, 42, 45).



changes fromincreasing to decreasing anplitude or vice versa, said nethod
20 including: (i) detecting each segnent by determining tine instants when
atime odwpiogaoizee of said signal is substantially equal POTAANRN0TT6I )
perform ng syntactic analysis for eachggegnent including assigning height,
wi dth and error paraneters; 25 (iii) identifying noise segnents present in
said signal by conparing said width paraneter to a preset threshold and
said error : ' ' iqilAhAs) i ' j hse
egnent s by AL R SQNE SRS HESRTSCgIancy it o Ty
strai ght |i aenjusotigv withoa wirelesshand batieni agseliépowerad electrode slyatesnj mayof
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signal as bBIVR &y Seb-appled el MotaNcy §lestipdesnapianing SY§esh B fve
frequendy obnfpRefitheR)T8r Bkampied aS@AVETGGuld hpph) 8 selfPaRBRES actile Rireld2a267
PCT/ AU02/ 00776 57 According to a still further aspect of the present

i nventi on t liekes foselpead elgstrogde siglendd of nonitoring physi ol ogi cal
characteristics of a sentient subject including: 5 applying a first
surface electrode to said subject to provide a first electrical signal to
a renot e nofhéwleogody Basteinfiayaippludens re-usablensectionf thae cehtatig thte nigresai d
subject to provide a second  electrical signal to said renote nitoring
appar at us; RUPRRYBYS Agtiyafleeijoniss sadawirclesp @iceipniand as 'éﬁ%abg‘gcﬁqqii'oﬂhe
event ofg a : ' | ' ' | St ' [gally
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si gnal and usablbesepiient 8ficia appgrattatmay bensuitabde dombiminimgllg invibsiver 0rd

lectrical signal and i id lity of said first elect | _signal
orovi di ng aVeiaRnYIRYass, s¥Ftem WNEe (105 SR 2o WITPIeSE HRHIRIS,IRERNBY ( he
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non-stationary signal includi r_g_ segnr_rent s having increasing and decreasing
anpl i tude replierallytinpyt hasiexistigocaiives Hiipwsingss yneasuregeng system.edp this

subj ectys sajf SRIMENGS AN A BPoRE" td AASrdaRe PhERBIRR & TH@8A!drowsiness

detection by using minimally invasive EEG bi-coherence signal monitoring and

analysis. This type of function may supplement or replace other on-board

vehicle real-world driver drowsiness monitoring technologies associated with

measurement of driver-movement and activity sensors (Burton, 1999) and eye
20 opening measurement.

The system of the present invention may include physiological data time delay
and analysis time lag compensation. The latter may be applicable where
anaesthesia drug administration can be monitored in real time against actual
25 display changes and the apparatus is able to predict changes instantly for the
user to avoid over or under drug administration associated with natural
hysteresis or delay factors such as delay between the instant of drug
administration and the human body’s physiological parameters (as monitored by
the apparatus) responding to the drug administration.
30
The latter is applicable to parameters such as oxygen saturation where the
physiological data reading is typically delayed by between 15 and 20 seconds
due to the nature of the monitoring method and the body’s time delay in blood-

oXygen colour change.



20 changes fromincreasing to decreasing anplitude or vice versa, said
apparatus including: (i) neans for detecting each segnent by determ ning
time i nstwotog/1002ben a tinme derivative of said signal is skoTtaanehed’by equal
to zero; (ii) means for dividing said sjognal into said segnments including
data 25 over three consecutive tine instants when said tinme derivative is
equal to zero; (iii) neans for assi gni ng to each segment, height, wdth
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parameter; (v) means for renoving said noise segnents including nmeans for
substituti ng a straight line connecting first and third tinme instants when

t oassi o ng 1DBGAEM Sv8tert e TitShave 18 vaHEES MieeS o erid RivbE, ABemaE
02/ 100267 PERAMOYMIRG Clodrbes vind tpmasof Bl fERGB iR rgffERting tBeSeUgent S

into a plurality of wave nds_based on the value of their w dth
par anet er, adawigkaton Aacess. nd heddiughdaliveyy gystamarnay daerde had arachels

corr espondl t

respectivel gﬁ"ﬂeac}bsd%n ?ﬁmn{g@rﬁgf\lgﬁﬁlg (g@g]l(rf%{?s &qutrsrgsﬂgﬁ[ er Vagf‘be}'fugtg')n

Si Ignal da]E aspstehrsd, oanfgbngst othemndrugf delnedyefsylsminsl etyaryingt degieast dfodrug
relativ regyency of .occurrence in said bands._ The
oot o " Gl ey dRaitns dapablibafo It G SBMER ST Jpromte drdloBeeT 10
anal ysi s. Adr@%”@ﬂbal 'd}CHHS’&Sdé}we GHiRtfrE ﬁf é&%BFcfé-‘dtb' Wgihy drélfétéﬁﬁirfé@ and
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si gnal undmommahgs:ranamsns paragnalatssassosiated withi theadCYl Jysteet ed by

applying syntactic analysis to the 15 si gnal I e. detecting all |ocal
maxi ma and mnina. As a data structure a "segnent" is represented by its

orientati onTheesystapvéirifle sresefOMRERtich mayindlude a Wirgless @tieat Efdgcirdde t he
context of vi sual signal interpretation, the |ast three paraneters have a
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“segment or electrically interfacing to some resident data (contained on the disposable or
reusable sensors or electrodes, which are attached to the subject) or optical or
20 magnetic code sequence, where a unique code is associated with each unique
electrode type. Various electrode types may be identified for groups of
physiological variables, which share the same characteristics and processing
requirements. If a user selects an ECG electrode for example, the IDSC may
alert the system of optimal gain, signal range filter.conditioning, aliasing filter
25 values and types, sample-rate and data bandwidth requirements for the
wireless module interface, processing, acquisition, analysis, display and other

functional requirements related to the electrode channel type.

This automatic identification system may greatly simplify system application and

30 minimise potential user errors. An example of an application and embodiment
of this system may be where a nurse applies a series of clearly labelled
electrodes and the rest of the system operation is automatically configured as
the patient is wired up in accordance with the selected electrode types.



relates to the magnitude of noise in the signal if the "segnment” is a part
of the noise rather than a part of the actual signal that is under

anal ysi s.wP®2A626T al | "segnents" are originally detectedPaSiaug2a0™ynt actic
al gorithm those segnents which are liggely to be noise rather than the
signal under analysis nust be renoved, and new signal "segnents" nust be

r econst r uct dtie IDCRishaleo aisefuliibthaenapplication fer theaviezlase etsfctiodersyistgmrig anoi se
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detected. The . F heOLTA t I.or
art FET et R g o SHRel fA3Ieation ot cophie pertRnaREK 3R AgRrRE TaRilel
and sharp shupdteriaf. genui ne EEG patterns) and zero-crossing nmethods (which
rely on(Jg')C of fset and do not renmpove noise). Al remaining "segnents" nmay

t hen be1_ orted according to the value of their wdth paranmeter among
convent | 0na*rthﬁri‘cgsﬁwﬁ%bgbaaﬁi%maﬁy SseTar for HBpIRYF ank@sitesRebl & UBkickO
both "downward" and "upward"® segnents" to enable accurate interpretation
of asymmet r baaéd "dgitpneat systemnwieredhe sspromads tor bavera aystem thah is @ser val

equal to one.sl eep study epogh, a sinplified sleep/wake discrimnation may
be performeH“BV‘ é\"éu@{ipﬁ‘gO@aPcﬁoﬁ'bﬁr ation of "sleep-like" "segnments"
(sum of durations of all delta and theta "segnents") and conparing 15 it

with the half epoch duration. This approach in fact represents a
mat hermatd caITherrﬁ@GF systeme apayvaiee dieir itPnensireothab LY oW sigaysable or

interpretati n C Vard aus a f L pe- i t hi, St
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det ecti on, w@hﬂba&&%&%@e@ﬁr&g@m%n and nodi fied sleep/wake
di scrimnation rules which take into account a najor role of EEG periodic
patterns (which nmay vary beyond al pha band), role of, context based

20 SUMMARY OF THE INVENTION

The HCM system of the present invention may provide improved accuracy in
monitoring, analysis, detection, prediction, system alerts and alarms associated
with, inter alia, depth of anaesthesia, depth of. consciousness, hypnotic state,
25 sedation depth, fatigue or vigilance of a subject, with as few as 3 surface
electrodes. The HCM system may incorporate real-time phase, amplitude and
frequency analysis of a subject’s electro-encephalogram. The HCM system
may provide a means to weight the output of various types of analysis and
produce a combined analysis or display for precise indication or alert to various

30 users of the system.

In particular the HMC system may monitor, store and display two or more sets
of physiological data parameters or analyse one or more combinations or
calculations associated with the data to display, store, condense and



25 decisions and the uncertainty associated with artifacts. The apparatus
may i nclude neans for detecting and processing artefact patterns in said
si gnal i rwbwdittigeone or nore of: means for detecting flat PCatAdneads6i n t he
signal; 30 neans for detecting int erval5s5 in the signal having a relatively
sharp sl ope, being intervals in which Variation in the signal exceeds a
first threshomthariser data forreerangecofvappleatiahs tassociatdtbwite rmohitoring benand

nar row | peaRONBaRYEGTR SR BVSATLRY oo S6 Wopar BRER B PO Paes or
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e
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S The. ochbr SRRy MEgtefilahufheh edBRtiRrEs of dP3aiMe | SR Ra Bgnal
vari ation ofofrBiats AW BRther B¥tsabf ItRasphyaisiegical Aat® or Jﬁ@xgap@seuysmrmy
i ncl ude nmeans for detecting and processing wave patterns characterised by

m ni num anpPraduge atrftiaiyni ADAEIEd esKiteunsseciedndvith 1 nenitaringi npuMmasans
for detecti . l.hterval of the wave pattern as a sequence of one or
nor e segrrenp(gn%'f?@%ﬁesétsarts at a first tinme instant of a first segnment when
a time derivative of the signal is substantially equal to zero and ends at

a second tine instant of the | ast segnent when a ti 15 deri,vative, of, t he
o onol i TBe b Bisto etk pe dppld 85 Manitenag ceph Of aaeslai dor oimel

nstant of BORdibtfiof BOERASSHERNIAR, 1d SEIARIT (KA Pl AbiedisOBab o

subst anti al equal to zero and en t athirdtine imstant of the
segnent wheseddtion forendrsesvart other ofedibal picfesdionals sitbtonitofing Ifatiguriaind t o

zero, with the total ,signal.variation.of at .least fhe m ninum i tude, 20
dur at i on of MsnotEsStatd BF ke 13, eBySing el icldrai Rt SndoBephif : ne
maxi num dur glordts aBAdt ke dBRtioMtg dRYivedyi @Ysfhdnfar Nadifindietsg eBaassutef at

| east a preset share of the total variation. The apparatus may include
nmeans & dueateemisuchsaasidiugangasabthss like teethe sBNRCE. 25 of the wave pattern
by subsequent conparison with a preset threshold of a deviation of the

sl ope of respective conmponents of segnments preceding and follow ng the
core intervahefHPIO shsteat apy whighih¢he @utputstafrorad or aralef analygisialgorithms

including combination of simultaneous, real-time analysis of R&K analysis (34,
45, 46), AEP (30), spectral analysis-SEF-MF (30), Bi-coherence (BIC) analysis

20  (33), initial wave analysis (5), auditory response (30), arousal analysis (35) and
body movement analysis (34), 95% spectral edge analysis (36) and anaesthetic
phase and spectral energy variance measurement in association with a
subject’s state of consciousness (29), Pulse Transient Time (PTT) based
arousal detection (31), PTT measure and PTT based blood-pressure reference

25 measure, Pulse oximetry SAO2, PTT based heart rate and blood pressure with
simple non-invasive oximeter (31,32), PAT analysis for sympathetic arousal
detection (104-108), EEG spike-K-complex-wave-activity-event categorisation
(47) and bio-blanket for monitoring of heart, temperature, respiration (49),
breathing sound and PTT blood-pressure. Inclusion of sympathetic arousal

30 may provide a unique measure of stress or mental anxiety, despite the state of
a patient’s state of paralysis or “apparent unconsciousness”.

According to one aspect of the present invention there is provided a method of
monitoring consciousness of a sentient subject and automatically detecting



the core interval if the deviation of the slope and maxi nrum devi ation from
the nonotonous change do not exceed respective preset thresholds, and a
total 30 wpdatededuration is equal to at | east a preset sirarawR/oete

m ni mum duration and is |ess than the ggxi mnum duration. WO 02/ 100267

PCT/ AU02/ 00776 61 The apparatus may include neans for detecting one or two
si de waves othetiner thamwjemiﬁsé“ratmsﬁwlus‘aunmconmﬂdmgﬁatﬁ tcsadpasamciﬁus

conbi nations, of se nents recedi ng_.and foll I the

S onal dur astdn B s, PYrrediiuiicendi S AtayRRrYohasaif ehahBbs B

wave bands %ﬁr&@gn@éﬁ&ﬂa"ﬁbrﬁ*ﬂﬁe sUBfelt sar M@ﬂﬁadombtuamgs The neans for
classifying nay include means for nparin reset threshold val ues of

wei ght ed conbi nafi) ons obtaigioguan EEEeSlQn@HfFnghgég tis in the waveband,

f d f
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frequenci eSobm"ﬁllar'ﬂ:éq |Ha$@e gigrgllm ni num nunber  of waves i ncl udi ng:
means for selecting conbinations of a specified nunber_of segnents nmeans

for assigning fofiibacReEBPiNgG? |P8ﬁseé%@3§‘3&“é‘b@'s ﬂpﬁhﬂﬁﬁ%ﬁéﬁnmpm a

anpl i tude agﬂ ggbgFgégyh (M ni num and nexi mum period; 15 nmeans for testing
if the average anpli € exceeds a specified mninum anplitude for a
periodic patter n(w)readetécxblngtmsmmgamrig tH@efremmnnyrbaaqnﬂ slgualeartektd:leqma%he

m ni mu amplit nore than means sting if
the 11 elfanBroed S anihgr tie sHBeehis Rt Bapufibe ot aid cagacl 18 o
greater thagaidgssthhsdiBus ggqg%pgmeqfergélebr@prl odic pattern and is equal to
or less than the maxi num frequency of t he gerl odi c pattern; neans for

testing if the m@Wi mupreédingd warniag sigmsl w en@ﬁlmuly@gw@m saiddsansitipn tone
m ni mum per i od by not than a specified ratio; nmeans for joining

conbi nati on§® @f %5’ n%‘a Shi ch conply with the 25 above criteria; and
means for cl assi fy| ng a tine interval of the signal data as belonging to
one of redefined states on the basis of a conparison of the value of a

vei ght etP  chHepPiing da affusheataspest &f theppigsgnt t'?VQ?ﬁ'%U'terﬁa'ﬁdBrOV?ﬁdeﬁact
patterns an&etﬂ@ﬁfeop%ﬁﬁé‘éﬁn%‘t LNngn rsg%tf%ﬁﬁﬂ) d; %lgﬁ\d(lj |ﬁ§t sé%nént@' hheim %

val ue depending on relative “dur riodi c patter

wi thin the tromeasing emdadjecr@bemgpwaphtude repwsenﬁhgn@ysmgacélmhamdeﬁﬁqa ng a

time int erv%lf aOfseF\trl]eentSIS jg‘l:t, said segments including portions in which said signal
changes from increasing to decreasing amplitude or vice versa, said method

20 including:

(i) detecting each segment by determining time instants when a time
derivative of said signal is substantially equal to zero;

(i) performing syntactic analysis for each segment including
assigning height, width and error parameters;

25 (i)  identifying noise segments present in said signal by comparing
said width parameter to a preset threshold and said error parameter to said
height parameter;

(iv)  removing said noise segments by replacing each identified noise
segment with a substantially straight line;

30 (v)  sorting the remaining segments into a plurality of wavebands
based on their width parameters; and

(vi) classifying said signal as belonging to one of predefined sleep
states based on relative frequency of occurrence of said segments in said

wavebands.



data as belonging to one of predefined states on the basis of a conparison
of the value of a weighted conbination of durations of a plurality of wave
bands, WWO0224002867 PCT/ AU02/ 00776 62 artefact patterns aod/Al@geopeatterns
wi th a decision boundary which is set tg,a different value depending on
the total relative duration of periodic patterns wthin the tine interval,
if the difference between the value and the decision boundary is equal to

t t.h il in, th i se,. I he,5 basi f
R T s S
fol I owi ng_t piEnbt 8f VilonRbM dbRsidiBalcal MetiarhBlchsia 41 o2 st chaaLe | ed

and the difference between The Tespective values Is equal or less than the
speci fied inolyding: or otherwi se, if after subsequent passes through the

data, an.interval_is. still not resolve on the basis pof conparison. of
thi " valie i t - 2PPRED b TEsRITRES CRIEETeRs oo o RRriRpE e BV ogiRti ng
on the tot abldctlicdlisihallty atré®btdmopftblingiappakatgerns within the tine
interval. According to a still further aspect of the present invention

there is provi de@PRlyingaseeond suféce @ledtpdsol $aidsubiechio eyevide @ seronddi ng:
15 first ne %tﬁ(gaqgggi]%é{d)sm\fg@?@ﬁ{&%yﬁéIga)bg#étps.sa| d eye lid and rel ative

to a second means, neans provi el'ectrical signal indicative
of the position oforitaridg §uality ofesaid first @leotdcdl osigaaldane danithenewast, o ach
that sajd signal includes a neasure of position and/or degree of opening
of sai dJ%yefjgﬂfad?é'o'f'HB S\al@%‘{a'%ﬂfgrégﬁmaﬁeans may be el ectrically coupl ed

such that the co | ALk oyl ﬁyf@ f f 4o # of
openi ng of the eg[eaﬁrggmﬁﬂg é’L}gl?&?El{ﬁrLﬁ se?gl%ngeg%ﬂnégl gﬁé;l?/(g(g/}f 3%596:’3&
respective eladtricadsigral addfinthe egent dfva degrasiatinn .in Thid quality ofigaidesquiondt

ably connected,to ,each ot her. Each 25 arm nmay.include a capacitive.el enment
Bt anged suBiPattc “Fatacanlin <5 JuainaprsAR aistipetitcd, SERAL LY & he
coupl i ng beWﬁiﬁgté@qa}apaCi tive elenents. Each capacitive el enent may

i nclude one plate of a capacitor. Alternatively each armmay include an

i nducti’® el ement arranged such that the extent of overlap between the

arms det er ”}A%Eéro{iﬁﬁg %‘ﬁ%hlifﬂgngEéﬁ%{_ ch%lﬁei ELEl! iK9erﬁ%neJch%E§E§ Drovid&d an

i nductive el emen inclu € 'sensor may 1 n nmeans” such as
a w en bri dgpphratusdes processire acapasidtionaty sy iincludiogpbeg@entiehaeipg t he
capaci tive/ :n%?'ggstl}lg\;/ %n%l gerrc?’gégihgvgnglﬁﬁ g?’ggésg%-r/lg\ g(r)\%ig%ggal characteristics
of a sentient subject, said segments including portions in which said signal
20 changes from increasing to decreasing amplitude or vice versa, said apparatus
including:
(i) means for detecting each segment by determining time instants
when a time derivative of said signal is substantially equal to zero;
(ii) means for dividing said signal into said segments including data
25 over three consecutive time instants when said time derivative is equal to zero;
(i) means for assigning to each segment, height, width and error
parameters;
(iv) means for identifying noise segments in said signal including
means for comparing for each segment said width parameter to a preset
30 threshold and said error parameter to said height parameter;
(v) means for removing said noise segments including means for
substituting a straight line connecting first and third time instants when the time
derivative of said signal is substantially equal to zero and reassigning segments

and their parameters after the substitution;



63 BRI EF DESCRI PTI ON OF THE DRAW NGS Preferred enbodi nrents of the invention
wll now be illustrated and described wth reference to the acconpanying
dr awi ngs wberadns7 5 Fig. 1 shows an overvi ew fl ow di agr ampefi/Aamee/06706 m of
ADMS according to the present inventif% ; Fig. 2 shows a graphical
representation of typical AEPi and Bi ftunctions versus 10 tinme for a

Pat i ent under goi (\j) generamls fanaestmgetbeaerﬁéingng Seghmmds intd laoplucdtity of wavene
orm of bi coherence, real duct. and bispectral inde S S;
F g 8 shovBanie besee of tap i€ BgRal widll pardmefiry cagh sk bang) hiiko

di agram of gaflf HEBRBLE MR loirStré idd cBfes bﬁélﬁ toMdwer"8hd i
arbitration; io FlbgE EB ﬁ ows a flrow I agr am of sgrrp ' Q AEP: BI Cr: anal y%rfég
(Mode 1) asealopaferthewidth peiaghrtentespeptivelytansh; Fig. 7 shows a sinplified

overvie of scalin tor and. transitiqQn_cur funct] SQCI W th
The DS o iEns el adifibl £ BRne IBEL il fnd i) 3% aR BHiSN G e

val ues; Fi gon8 Stheslefindd &MY s staté£ Paeeg irarélative freyfaeaty i otslieneé o +Bi ,
TCU & TUC, 30 Fig. 10 shows a graphl cal representation of AEPi; Fig. 11

shows a gr aphilceoMerpBde saldawaenbandsi : Fig. 12 shows a graphi cal
representation of Ai; WO 02/ 100267 PCT/ AU02/ 00776 64 Fig. 13 shows a
graphi cal representation of BM; Fig. 14 shows a graphical representation
of Bi with The stetalled Oéegmmtbae@mrmeIrpdincﬁ»at ihaiidinggbliooks ofliEEE eand &Gt | on
of conscj ousness, st ate; ows a flow chart of ap inproved,

g B ﬁ syst 3m for
noni tor“hg %%é{%‘ﬁo&nﬁ%%me EC'BP'(EI' Ay 3 FCRUBPET L' st \‘ﬁ)ﬁéﬂ?"e@ﬁ"\gﬁ
present | nvgg& %r Qr Eggsé@égﬁﬁr"‘%e&eéél ladd %réé’iﬂg? iRfdAlals DY ThEBIQYAr Vi ew

(FSO of a err apparatus according to the present

i nventi on; En@eﬂéhaivmas a nore detailed functional system overvi ew ( MDFSO
of a preferred enbodi mrent of aparatus according to the present invention;
15

All “segments” may be initially detected by applying syntactic analysis to the
15 signal, ie. detecting all local maxima and minima. As a data structure a
“segment” is represented by its orientation (ie. “upward” or “downward”), width,
height and error. In the context of visual signal interpretation, the last three
parameters have a clear meaning. Width relates to the dominant frequency of
the signal under analysis at this particular time interval, height relates to the
20 magnitude of the signal variation and error, which is a measure of signal
variation from a straight line connecting the start and end of the “segment’,
relates to the magnitude of noise in the signal if the “segment” is a part of the

noise rather than a part of the actual signal that is under analysis.

25 After all “segments” are originally detected using a syntactic algorithm, those
segments which are likely to be noise rather than the signal under analysis must
be removed, and new signal “segments” must be reconstructed. To achieve
this an iterative procedure of identifying noise “segments” and generating new
signal “segments” may be employed. A “segment” may be classified as noise if

30 its width is relatively small (which in the case of EEG signal indicates alpha,
sigma and beta bands — where high frequency noise is typically prominent) and
the error is relatively small (which ensures that genuine visible EEG high
frequency components are retained). Various rules may be generated to
represent meaningful conditions of small width and small error. This “segment”



Fig 18 shows a main flow diagram (MFD) of the HCM system according to a
preferred enbodi nent of the present invention; Fig 19 shows a flow di agram
of one fowmooflo®EG anal ysis format validation in 20 Bl ocleC8/Axf02®80736 18;

Fi g. 20A shows a fl ow di agram of conput g on of bicoherence, real triple
product and bispectral index in Blockl O of Fig. 18; 25 Fig.20B shows a
graphi cal r epmethent lzé appraodimbiethas tar straighi linehane mceew ridegmaht’ donsprlieted

d in Block 1 Fig.18; .Fig. h I ' I | i.ed
Pat i ent " s 8 eSS Spprcxianion “This s dernrhoe Sedpaned Remie,”
| over sensi i i roige “4dgfnenf@Vard Hbtaeteddi us adRStribRar @g?l‘cﬁbchohas a
generating the signals in %I gs. 21 A and 21 B; WO 02/1002 PCT/ AU02/ 00776
65 Fig. 21 Bigstifioant adgahtage oveharidivarteFFormetiiodsc{which ABRnet dissripnicatea

froma ubject;: Fj 1 E shows an ex le, of t I gn h

subj ot & chptueer bp-Fle Rt e GinE Al Sibes Jad U ME ERG RIS apd. 1
and 21B; Fi ggro-ébskingNfethbds (@i RNORIDG offfetditl d0hpUteba®hsiskdr a range
of input frequency sweeps; 10 Fig. 21 H shows a sanple of response curves

from AEP i nput el ectrodes; Fig.22A shows a bar graph of Context Analysis

Met hod and K Sho C nQ} I4S yval i dat | t i 15
Fig.22B sho@'g%?'ﬁ r\ag%ﬁ%t%omd’gi?’%ﬁna‘% ;/gg {%Hﬁé“gﬁ%ﬂy’pi ’toymgngaﬁlégaiz %‘rs hows
the corres posndmlhrmrdnmé' rﬁarémbi ctia;'(\,iemntigaalaﬁﬁé; frEq%emg(bammsTrgs Isartidrg; agaiy of
Transition Ana I S t a I g. 22¢c shows t.he corregpondi i spl.a
vali dat18n Becarermsd for BosbiSuias s avarsh "SrOTPAIR s FORDR S ERE”
Probability; ' !% “ o s ':yélgﬁy l } | tus;
Fi g. 22E sho@ag)rgiaargogr?da*p%qo %&g&ﬁg@ﬁg?ym@w@ﬁod an%MI%i g%%%@h?mg 25
t he correspandiinigndilseqagl vial i ohe | sleept study: epagh22B stopkified belecpmake of

Movenent Analysis Probabiljty apd Fig. 22f, sho he, corr.es i | spl ay
Vel tdat i on SiSeiTinateR Aiaybs petimestol hnlb il dfl AERERT IS
Is:_yst ig‘ out pusedthétss (surh M idePaiirs Gnall delePhad sh@taseehmetts"Vand) cBhuaiingS of
ig.18;
? 15 it with the half epoch duration. This approach in fact represents a mathematical
model of sleep/wake discrimination based on visual interpretation of an EEG

epoch.

Various means for fine-tuning this technique to achieve more accurate detection
20 of important EEG patterns and subsequently more accurate sleep/wake
discrimination are disclosed below. These include algorithms for EEG artifact
detection, delta wave detection, periodic pattern detection and modified
sleep/wake discrimination rules which take into account a major role of EEG
periodic patterns (which may vary beyond alpha band), role of.context based

25  decisions and the uncertainty associated with artifacts.

The apparatus may include means for detecting and processing artefact
patterns in said signal including one or more of:
means for detecting flat intervals in the signal;

30 means for detecting intervals in the signal having a relatively sharp slope,
being intervals in which variation in the signal exceeds a first threshold over a
time interval equal to or shorter than a second threshold;

means for detecting intervals in the signal having a relatively narrow
peak, being intervals in which the width parameter is equal to or less than a



Fi g.24 shows a flow diagram of arousal detection in Block 16 of Fig 18; WO
02/ 100267 PCT/ AU02/ 00776 66 Fig.25 shows a flow diagram of the process of
det ect i ngwoeraodeT i vative tinme instants and el enentary nEKrnuwReeEgoents in
Bl ock 21 of Figl8; Fig.26 shows a flowggdi agramof the process of detecting
zero derivative tine 5 instants and el enentary m ni mnum segnents in Bl ock
21 of Fi g. 18irdrilgesiToldhand the height Paigmetenis etgualdooaregreadér thamep/ foaktb

anal ysis ang BIC EEGartefact renoval in Block 21 of Fig 18; 10 Fig.28
shows wei ght¥8SRAE: @4 pl ay normal'i zed BI C and, AEP data: Fig. 29 is a sanple

of conbi ned and WRisHat oﬁt&tiﬁgdotﬁEPnéﬁ%&g/\Mdldigiééli patferh in tthe eidididbaing
patient state display; 15 Figs."30A and 30B are” tabl es show ng exanpl es of
wei ghti ng f eembinationsdof sepnerds hasjngaaarigéh andrright of enecthessamenisgini 8;

anai ysi @ i g GARaRGh ;1058 1”83 oieSHeter b S B 4t gAY
det er m ni ngv&geatsH OLBREBABINSIUISEY atiaes preses rattbsconbi ned AEP and BI C i ndex
and R & Kin decision .context in Block 37 of Fig.18;, 25 Fig.33 shows one

form of apparatus for wireless |inked continuous blood pressure

measur enent ¢ Ei 'I‘Eﬂfd f ; ' : | 2gk
nmeasuri ng e‘g/‘gé: %@eﬁfﬁ}féhﬂ%' |' gse].c %@Jﬁgﬁg%lg %ﬁd;ﬁoégégﬁg\r\}zé\}f%?m (')115 t he
el ectroni c cimractaisedsbpwninimumFamplittdia; ak® b0 6[@d PEAXIAUDR/GEliéns,67

Fi g. 351 hows i)n formof electrode systemfor integrated anaesthesia
moni t or' g;'”ﬁlﬁf'% shows one embodi ment of a wire connected sensor device
5

I ncl udi ng bi - , d&&etinghign ﬁﬁ%\%‘y | Wiy eaFi S one
enbodi mrent of a wre ig@gi%t egrlggeg eclgg%;t rode s;e/%fgﬁg ?%gleﬁ(ﬁgﬁ%?n 88"a
bi - coher enceeqbé€ce lufroreVor arsteesegmpaits ndiict Gtaitg a88 firbbiimeainstahtof ad

enbodi nent of a wirel ess el ectrode;
first segment when a time derivative of the signal is substantially equal to
zero and ends at a second time instant of the last segment when a time
15 derivative of the signal is substantially equal to zero, or starts at the
second time instant of the first segment when the time derivative of the
signal is substantially equal to zero and ends at a third time instant of the
last segment when the time derivative of the signal is substantially equal
to zero, with the total signal variation of at least the minimum amplitude,
20 duration of at least a preset share of the minimum duration, less than the
maximum duration and the maximum deviation from a monotonous

change of at least a preset share of the total variation.

The apparatus may include means for detecting a start and end of a main wave

25 of the wave pattern by subsequent comparison with a preset threshold of a
deviation of the slope of respective components of segments preceding and
following the core interval from the slope of the core interval, and for updating
the core interval if the deviation of the slope and maximum deviation from the
monotonous change do not exceed respective preset thresholds, and a total

30 updated duration is equal to at least a preset share of the minimum duration
and is less than the maximum duration.



Fig.39 shows a flow chart of master firmwvare; Fig.40 shows a flow chart of
slave firmvare; 15 Fig.41 shows an overview of primary, secondary and
tertiary woakyeizs7 Fig.42 shows one form of vehicl e bi colreranime/ondrs el ess
system 20 Fig.43 shows a flow di agramgyf one form of audio and video
apparatus used for validating and replay in an in-depth anaesthesia
system Fi gThe appakgtusnmalonelude mpaams farvdsteeting: one irduonside waues! ofr tagot e

el ect roge. syEvamatetn oy eRuBRE fRMInG BT SeOURMRCA bRkl R P Bats
Fi g. 47 Shogﬁr&%@i@'éﬁd fSMRIWing thé nydirh Ala@8 Fobmeasigaaitduration eshdinsies. syst em

30 Fig.48 ows a drug delivery systemlinked to a consci ousness nonitoring
device; and Fig.49 shows a power spectral curve of sanple data. WO

02/ 100264 PGI/ S P NTS
one forngof TARADERRas L ouin bt oy o el Daihas o FECHer] P & s
cogbi giat i ongefec&$ WA I @bttbm(i;ex -KH%‘ meahsdiop @iawﬁdhg;m}qnmdlhdé hlm@hs( AdPi )
an eep Staging Anal ysis (SSA) .for inproved Depth of Anaesthesia

moni t or i ng campanﬁevtouﬁea%%@r%ﬁhd Welugs Gvarighted meiin@@naf BCAUTENGES ADVS
may present F% ; ' e r nts

t he hi ghestoi'?qaet tggg a %’gﬁ;ﬁ?m‘%bﬁgl éﬁ?fasc% ongﬁﬁgmé%ﬁgsfﬁpﬁzgems
t he | owest Bppavatws raay lioclodai meassl fpatdeterting pedodicopaitens cwithu spesifiedAEPI |

in the gcontext. of prior art depth of. anesthesia nmonitori Systens, has
boen ol t BRI ARG dfeetiencis® FHTED SagRas abd TRk Smnet o
detection obf{yBges friilddihgon from unconsci ousness to consciousness. AEPi has

15 al so been reported to be nore responsive than Bi to Batient movenent in
response sti nul i maansdoeselegting gombinaiions s et sedified moneasefl spanarnris! y

during energence, f nest | ; : [
recovery of con&%%ﬁgtozsgéﬁﬁﬁgZfog%gcﬁﬁrﬁégéﬁ%@?én ?%i%ﬁlé’%ig’ @?]."mgﬁg a%&99).
20 Prior ar makeatim amphiest dresaa averzigep minigsy ahemakiynim letigddepl oy ei t her
AEPi , Bi _ or both indexes as separate neasures. The nitoring of, AEPi and
Bi as a5 conbi nefgaigder tegting)if the ayarpge amRiitude exeerdsa SReE'Bgﬁr”é'ﬁﬁﬂ%'i“ve

??gﬁlgi 1(:):‘ ona?ﬁ@qni]ﬂﬁﬂ %r%%ﬁd%fié Bgﬁéﬁzﬁt emw th the ability to detect
means for testing if the maximum amplitude exceeds the minimum
amplitude by not more than a specified ratio;
means for testing if the frequency corresponding to the average period is
20 equal to or greater than the minimum frequency of the periodic pattern and is
equal to or less than the maximum frequency of the periodic pattern;
means for testing if the maximum period for a combination of segments
exceeds the minimum period by not more than a specified ratio;
means for joining combinations of segments, which comply with the
25 above criteria; and
means for classifying a time interval of the signal data as belonging to one of
predefined states on the basis of a comparison of the value of a weighted
combination of durations of a plurality of wave bands, artefact patterns and
wave patterns with a threshold which is set to a different value depending on

30 the total relative duration of periodic patterns within the time interval.

The apparatus may include means for classifying a time interval of the signal
data as belonging to one of predefined states on the basis of a comparison of

the value of a weighted combination of durations of a plurality of wave bands,



unconsci ousness to consci ousness (TUC), patient novenent (AEPi) and the 25

benefits of a neasure for the gradual energence from anesthesia (utilizing

Bi). A owptob/1efR26anest hesia nonitoring system shoul d be sipepladoanae’76

unambi guous in its' use. This presentsga problembecause while a single Bi
or AEP index presents a sinple user-friendly system the scope of a single
measur e (Bi acefaa paiteynd and tveavehpatiemnsrwitly acieoisions oandarty whichidptdet ¢é a

th h hand I t AEPI
and By canden vaLE bendidhn AT te BrA PR s R C SRrIRPa Pelifinds an
anmbi gui ty agyithth e G intef2€  WRe RAGIENEE ISdiREbA the Vaié camltr@ dabigiome
point in tinme. WO 02/ 100267 I3CT/ AU02/ 00776 69 One problemw th

convent i onalbouéﬁah/ isf equal dorersgreatgisthamsa ispecifigd anaegianele ptheryisiey amthe Bi |

inconssiBuskasE ¢a cBRBarERY, AR ARG Wil fB1RLhedRe vailie 18 e iBceding
change in t e f@l@ﬂh@num@mtemammud'mg ma&&&aﬁlﬁtdlm @@&eahyrcl@tsuﬂedtéhcathmr e
gradual indication of the transition from unconsci ousness

consci ousnegiferepce hetween the repregive MalugEps efbias afdess 59@3 éh@ spegifiedual
h d d I
change ““ IFProQ% Jf M%%Héﬁﬁﬁés@%h%@sther&% &n tht8RGFisC! ear

depi cti on o e 'transition point unconscl ous conscl ousness.
Concer ns nagtikrbstesolvetdhah thébagisaaficmmparsoge this vBIuenwith mdhresthiodd whgm sh

clearly, or quickly engugh su dentraS|t|o es, ..suc 08
require toq% E@/ g ¢ %ﬁ%{ﬁ alye de §G NN - QB‘?BS%? aeiatiye ‘ﬂﬁ@ﬁ?ﬂ r?g REMGRIC
unconsci ouspagarnsT\ESA the Biflcmeasal. of early awakening (from anesthesia) can
| ead to potenti l"Iy traumati c occurrences of menory recall and ot her

associ ated 15 effects If, for exanple the TCU and TUC phases are not

T e ABRRAGR ot BTy HARRER e SRR e B PRBRTRL)

to disti ngueehséMraewcﬂngmaroyu offsf ¥pe Adificliaig:and awakeni ng as
effectively as AEPi, due to the nore direct hearing sensory analysis

associ at®d wi t h Amstimeans gdarted tamovg subiariallyydinsaig ayedid anqralaivg thased
systenms may r &h H:'Q eichnol ogi es under greater scrutiny in future
dept h of an8sthesra Ront tori ng applications. The ADMS addresses these

di sadvant ages by rme“amgfoatplmgdwgearstelmmai sngndbmdlcaﬁ\mf toedp&itiomiof ksaidst i | |

D R et S 3mSR ey e Sp-hiset] B Sogotdes,
vor g B SRt g g 78
The first and second means may be electrically coupled such that the coupling
provides the measure of position and/or degree of opening of the eyelid. The
first and second means may be provided by respective arms connected for
relative movement. The arms may be pivot ably connected to each other. Each
25 arm may include a capacitive element arranged such that the extent of overlap
between the arms determines the coupling between the capacitive elements.
Each capacitive element may include one plate of a capacitor. Alternatively
each arm may include an inductive element arranged such that the extent of‘
overlap between the arms determines the coupling between the inductive
30 elements. Each inductive element may include a coil. The sensor may include
means such as a wien bridge for measuring the capacitive/inductive coupling

between the capacitive/inductive elements.



anest hesia nonitoring paraneters wth each individual patient. Exanples of
30 variations that can change the nonitored paraneters between different
pati ents wpnehiate? di f ferent | evel s of hearing perfor mance Pogtat@enotbie
different patients. This variation cargqsbe of particular inportance where
the conparison of AEPi transition thresholds and critical thresholds, for
exanpl e, i sBRIEFIRESCRIPFION@RIHERRAWINGS vari ati ons between patients,
whi ch can affect depth of WD 02/ 100267 PCT/ AU02/ 00776 70 anesthesia

noni toring outconmes between different patients, include gender, body nass
di fferent spesRrCEMLBBIHERS, ofRBNASENIM Wil hagt Bé SHustited\BE @ésdribed
present invention may alleviate these difficulties by 5 incorporating an
aut omat i ¢ pwithgafereace ko ke accompaityinghdrawisgewhst@ip: 5 and STEP 6). A
further %i fficultly exists where a depth of anesthesia systemrequires ease
of use ™ ut at the sane tinme may be required to accommodate the flexibility
10 associ at Fig. i thows i Bvagiew fleangtagians v oae formfdf ADIMS acsbrdingi to thenge
of different system configurations can exist due to the fact that sone
Depth Of ARESSemé&IVeNtiDOA) applications nmay not be practical, for exanple,
to attach nultiple sensor or electrode systens (such as both AEP and B
sensors and electrodes). These situations nmay occur where the sinplest

el ectrode oFigénsioowd 5 graphicglirepréesentaton ef typicad ABRIrariteBi fematiphesersuswher e
t he system ombj gur atjon ga'y need to Fhan i nclude situations where

vari ous' &I efMeJgE& RAtIeDE HREPYOMGJenIA %’éa%ﬁh?%i?m ng reliably or to a

m ni mal standard suitable for the nonitoring and subsequent anal ysis or
various paraneters. 20 In situations where the user elects to use one or
mor e di f f er Eig. pahawst 2 flonoehanieé aneefosat obbiisoherensen seal dripleepinsiust ved t o
not be performn nropriately, it would be desirous for the DOA

noni tori ng @?8?8&?@8‘8%@8&}%@% user to select or change the sensors or

el ectrode status, or alternatively for the DOA systemto notify the user
and automatical ly conpensate for the current electrode and 25 sensor

confi guttat i 6i9- &rShaws epederer of staep AtagingaPaly§ii ess these difficulties by

i ncorporating automati ¢ sensor and el ectrode scan (STEP 2) and MODE
configuration (STEP 4). 30 A further difficulty which arises with the task
of i ntegrat Fitg SAéidwaadlBck dimgrdrmatofisample ddiP:BIC deiabysia (Modd il L bssdciated AEPI
or Bi is nost, appropriate at any given point in time, an independent

met hod of aWhtVPé)@gﬁﬁ@g ﬁﬁ?}trg@r}'equi red to determne which of the two

nmet hods (AEPi or Bi) should be utilized or given

20 Fig. 6 shows a flow diagram of sample AEP:BIC analysis (Mode 1) associated
with weighting arbitration;

Fig.7 shows a simplified overview of scaling factor and transition curve functions
associated with the ADMS;
25
Fig. 8 shows a graphical representation of ClAi,TCU & TUC values;
Fig. 9 shows a graphical representation of absolute value of Ai+Bi, TCU & TUC;
30 Fig. 10 shows a graphical representation of AEPi;

Fig. 11 shows a graphical representation of Bi;

Fig. 12 shows a graphical representation of Ai;



hi gher wei ghting at any particular point in tinme. WO 02/ 100267

PCT/ AU02/ 00776 71 The ADVS may address these difficulties by incorporating
Sl eep St ayprg/100anal ysis (SSA) as a nmeans of independent arbirtatarioengef or

wei ghting of AEPi versus Bi. SSA anal ygi s may provide a determ nation of
the context of a 5 patient's depth of anesthesia nonitoring state and the
state of a subject's consci ousness based upon SSA spectral based anal ysi s,
in contrast to %I anal ysi s ba‘s E&P} ference and AEPi basis of
aver agi ng BSKERS $09yY ??l%%p'%'P@rEPEe%e)? ik to the patient's hearing
response. \Where "context analysis" refers to V\/net her the patient's is
entering a state of 10 consci ousness or energing from unconsci ousness
(refer STEPF]gS drghSTER graghicalMepresemtation aftd mﬂeﬂmmolouw@frmw@chg und

i nt egr at a_sinpl ndex pnefits of both AEPi and
Bi for t e ??Qfﬂgtﬂﬁ'ﬁcﬁ%ﬁq@% rbop%sgwysn‘%gsa%??ng anest hesi a. The new
system uses an i ndependent (to AEP or Bi) nethod of analysis being spectral
based or 1/2 period anplitude analysis (34, 35, 45, 46) as a neans to
arbitrate whigh5 showsea Bpow-gharheban irmpiayad systernder moaﬂpnmpowc'@wﬁnqﬁu nt
intime. Fur e said nethods in
order to con%?ﬁﬂg m@wgrr%a%t'ﬁ%&ar;r@%ﬁ gﬂh%?rbgcg%tl@ﬁ%ﬁﬁ;@f 20 depth of
anesthesia into a sinple but accurate single index. Qher difficulties with

rior ar chn ies include a nablllt to respond subj e

my be Hr aFiB a8 s & ABHE BnetonA svRieph ckPHiRY WL of Fmrsteted o

in the CO‘”%ﬁwtﬁ%rﬁ@npﬁ@é\}gi%@fhstébd%ﬁﬁﬁ%tH@M@%ﬁPm%ﬁﬁo@5 novenments during
on. ere ha een 1 nci

t he operati ts reported where patients were
i ndeed consci ous or partially conscious durlng an operation and due to the

i nfl uence o zi ng_drugs abl.e t rt nedi cal DV may
ol eviate ¢ RIED SHGWEh (nBeS JhTech dulrl SeBir.Fieidy Mgigoyst ™
Movenent i ndeferBd ersis@fimdindf 8pARRAlISaccriingitbdné Peedbiiti®ygntigRyenent st at us
and/ or arousal status alert, independent of C A (STEP 23). A further
difficul®y that exists with the current state of the art depth of

anest hesi a LkO, S i i IW“'@ I t I

sensitivi tyw£1?héﬂ%nﬁt%élfgg e@'?é%% i )e%fﬁzﬁe @Fﬁgny%ﬂﬁ n %@?&@a?o a

vari ations prsfesredsrmbodiment of tieeptesent laveM(erZI 100267 PCT/ AU02/ 00776 72
ADMS may al leviate this difficulty by incorporating a neans of using
Cal i brated

Fig 19 shows a flow diagram of one form of EEG analysis format validation in
20 Block 8 of Fig.18;

Fig.20A shows a flow diagram of computation of bicoherence, real triple product

and bispectral index in Block10 of Fig.18;

25 Fig.20B shows a graphical representation of bispecirum, bicoherence and real
triple product in Block 10 of Fig.18;

Fig. 21A shows a sample signal applied to a patient’s ear(s);

30 Fig. 21B shows a signal similar to Fig. 21A at a lower sensitivity;

Fig. 21C shows a block diagram of hardware for generating the signals in Figs.
21A and 21B;



Patient (CALPAT) values to nodify or adjust these said transition threshold
val ues on an individual patient by patient basis (refer STEP 5 and STEP 6).
5 The neawe oefiom2hi s Aut omatic Cal i bration nmethod are basedCaraawadorreasuri ng
the patient's AEPi, Bi and SSA during tgge patient's first occurrence of
transitioning from Consci ousness to Unconsci ousness. Thereafter Calibration
of Patient FigariD ishawsaingeforamdf UaEMam fepnellaciingcAER ssensenadbta fros a
specific to_ the individual patient's sensitivity to AEPi and Bi. 10 A
further difP¥REFEy with prior art AEPi :based depth of anesthesia
nmonitoring systems is the difficulty to conpensate or acconmpdate for the
varying hearing performance (or response to audible stinuli) between

di ff erent pEtg &XitEs showis @nsexarpplevifdhedsignal feap theigubjest's @ar sensppaneives and

Too7) | Bhestngh BB RidnaS pe Mol BINGS R DI EEL 2 The moans ueed to

generate the audi o stimulus, the attachnent nethod and devi ce type
(typically a single or pair ear pieces are used to cflenerate audi o click
stimul us i nFigsr |Fe@fé9 PATS: SWSQ@W&I?%MA%DP&?RL&Q@PHS PledrARge Sé PR mance
evi dent betﬁﬁ@” e>; . subj ects. The ADMS of the 20 present invention
may adj ust ? quency 'spectrum anplitude and phase of the audio click
in order to prow de optimal conpensation for different audio stinmulus

devi d d.h i ati 113 b
epor LD | I 2L SR PARIAS! (RARSSsURIes KA AR o e ctmgley of - 2

anaest hesi a nonitoring systens suffer several concerns. One concern reI at es
to the use of the bispectral index nonitor (Aspect Medical Systems, |nc.,

Natick, MAFig.2BA showsia bar grapésofu@cntetxhénawlﬁe@‘etmd and &ig.28a Shows theni t or
consciousness sedat | n n evel s. However it has been reported
that vari ouf° %ﬁ%%%’idd'é‘% fjl:sp e\?ﬁq@%ﬁﬁnﬁﬁéu%’i spectral index scale appear to be

agent 30 specific. In general, it has been reported that agents such as
pr opof ol m dazol am or t hi opent al have a st ron%’[rdepr essant effect on BIS.
It has Wl soFidsd shewsra dar graph phaniextdnalysis Srekabibly R F0-2¢b sBgWSe an

i nter nedi at %fvg&ﬁ)%?@\%@%ggé%% na?ﬁa@ér?‘sta‘f@é"ever it has been reported that

t he opoi ds uence on the BIS at clinically rel evant
concentrations. Al so WO 02/100267 PCT/ AU02/ 00776 73 disconcerting is the

fact that nifr xi de d ket ear, t rad fects on
the BIS A BIRGIPWS 1R $86R YLGaesten APRYSIE leBY SHeh i 2268 o
sedation ang, WRREOSIchdirRy §isplaWalidlagsn Briugroperly reflect level of .
20
Fig.22D shows a bar graph of Transition Analysis Probability and Fig.22d shows
the corresponding display validation status;

Fig.22E shows a bar graph of Movement Analysis Method and Fig.22e shows

25 the corresponding display validation status;

Fig.22F shows a bar graph of Movement Analysis Probability and Fig.22f shows

the corresponding display validation status;

30 Figs.23A to 23C show graphical representations of system output alarms,
indicators and displays associated with Block 15 of Fig.18;

Fig.24 shows a flow diagram of arousal detection in Block 16 of Fig 18;



anal gesi a or depth of anaesthesia. 5 One inherent difficulty wwth the prior
art depth of anaesthesia nonitoring systens relying upon BIS (Aspect) as

t he mai n wodesows7 measure of depth of consciousness is tRETIABROOTIGt a
patient may | apse into a state of consgousness or indeed not enter or
continue their state of unconsciousness, during critical 10 tinmes of an
oper at i on pFigc2dshewsTadiodDBgast efrthef prdoesprafsdateciing zetd derivadiveatimevi at e

d j f thi difficulty by i ' i St Audi
Bvoked Pot cetans i emem A S akeedsn B OR2T o SRl ol ndi cator of

a patient's transition from 15 consci ousness to unconsci ousness and
transition from unconsciousness to consciousness. This added factor of
moni t ori ng Figy26 sbowseaiflow diggramnef thedpragesalaf-driediing zeia Hetivaiiveetier e of

bi spectral anal vsis., Thus different eff . t n | ate to different
anaest heti ¢ gé%gr%e&'gggﬂgﬁﬂﬁ%lsﬁgﬁ%@ﬁ lig%fk‘?je%éﬁgglsgf BSAEPM. whi ch
is directly related to thernmus and tenporal |obe 20 generators which in

turn are directly related to the patients state of consciousness, and nost
i npor t ant | yFigy2 @ shows: adipvsidiagiany ah#ie eroesss elgaepiwake apalysiskand Bienory

recall assogi j LLd: i tLhe.n  operation procedures. 25 The
prior art UEF?’: ggg%&ﬁ%ﬁbb‘%vgﬁ%ﬁ ?%ﬁ%ﬁ/z second frequency audi o
stimulus <clicks as a method of auditory sensory stinulation. The ADMS nmay
i ncorpojrate_ a steady state Audjo Evoked patential ca ity, including a
capaci t toF&%éﬁﬁﬁ“’%W%ﬂﬁﬁed%&ﬁ&@M@qmﬁﬁﬁaﬁ@Pda@?‘S’%@’i cks. The range
of audio frequency capacity may be from1l/2 Hz to 100 Hz. The steady state
BSAEP may provide 30 greater sensitivity in that nore subtle changes may be
measur ed frbig.t3%eis 3 Sojmpe’ of @BAERed RadpueightashBiS andyARPsdatbewitto cadtipaleci se
due to the fact, that,there is less tinme between consecutive stimuli clicks
and t her ef O&E%'P@g@qupaqleé'&g{%@daﬁa%d | ess likelihood in m ssing

physi ol ogi cal responses. WO 02/ 100267 PCT/ AU02/ 00776 74 The ADMS may
include a capacity to provide interactive SSAEP. The |atter may provide

click std nmuFles 3y ant 89Bwei tablas rshavdng ramelesi elgweihdingctasrermbined « he
et o L2k ST ST DB DA BEEE oI o oL ek BT ey
status under 5 various stinmuli frequency and anplitude conditions, where
these condi Hgog’? S %nws gr{i1 ré/xatrr?p esfg}nr]rgtl i’ortt?ésr%sit?oenquw%ri]gch%ng based upon context

analysis in Block 37 of Fig18;

20
Fig 32 shows a flow diagram for determining consciousness/unconsciousness
using combined AEP and BIC index and R & K in decision context in Block 37

of Fig.18;

25 Fig.33 shows one form of apparatus for wireless linked continuous blood

pressure measurement;

Fig.34A shows one form of sensor device for sensing and measuring eye
opening;

30
Figs. 34B and 34C show alternative forms of the electronic interface shown in
Fig. 34A;



The ADMS may include a capacity to provide nultiple frequency (typically
dual frequency) steady state BSAEP. In particular 40 Hz and 80 Hz

cont i nuowwoakitedee7 10 stinuli frequencies my be used, whePeTtAw®24@776z and
80 Hz click rates are sequentially tog d or switched between. A typical
sequence may be 5 seconds of each continuous 40 Hz audio click stinuli

fol | oned by Fig.88cshowsobnec dorm nabuded@toddr systéro dbn dittegrated| iapaesthasia
continuous sequence toggling between 40 Hz and 80 Hz. The 40 Hz (or
simlar | owé?&?”ioé'&Gency rate) audio 15 stinuli allows middle |atency
testing of the AEP, which may provide a graduated neasure or nonitoring in
accordance with the subject's state of consciousness but nore inportantly,
a precise tFigmdbtshowssonre enfhoslimenheta svitnesnaated saososdeios i ing dpi-
unconsci gusness to c i Qus ...The 80 Hz audio stinuli and

correspoﬁdi ﬁaﬁﬁ@ﬁcﬁagfb;?’l‘gw ﬁ@‘?f&ﬁé‘?@a"%ﬂ%e and monitoring 20 nethod
for brain stemcortical response which is an inportant signal for

detecting a patient's risk of neurol ogi cal danage or risk of serious or

fatal over Fidbdat shewsfongeubadisient pbra avtalesse integratedoelastrode sysiemar
hi gher freqt ) p i de: ' .warni ng nmeasure for
t he ADAMS tﬁ%%@%ﬁﬁbgﬁ?@éﬁug?q ?gwwbg% ?géggttelnoﬁ’or excessi ve depth of
anaest hesia. This 80 Hz 25 Continuous State and is BSAEP signal is a key

measure for brain life or death status, The A integrated i ndex and

i nt egr al@d MS§§PPW§ acairé@ﬁreéﬁm%@“@a%?ﬁajwwﬁ%g QU the prior art by
i ncorporating an inportant nmeasure of hypnotic 30 consciousness state
(utilising bispectral analysis), incorporating effective transient state
measur e frofigd38showssnbew chartofeoaster timswaes and unconsci ousness to

consci ousness utilising |ower continuous frequency such as 40 Hz click
stinmuli, and also incorporating critical brain stemcortical status WO

02/ 100267 PEjg AYRRORA & flow Chayrsfiilae fflvaveert capability, particularly for
reduced risk of over adm nistration of anaesthetic or sedation drugs.

Miul ti pl 85frequency (typically dual frequency) Brain Stem Stead State Audio

oi spootral ) srelg arh AV UBeE Bt RAHORF B EaEY S BB RS T evea

with as few as one and as sinple as one sel f-adhesive el ectrode attachnent

strip, requiring little or no electrode preparation. This is due to the
ADNVS systelﬁ‘%“géﬁﬁlﬂﬁlqr‘@y{q@ Qfé‘ﬁ?@egi’@hﬁ WIERIESS R¥RIeMr el ess and/ or

battery 10 powered audi o stinmulus earpiece and al so a.single el ectrode
substrate with a
20 Fig.43 shows a flow diagram of one form of audio and video apparatus used for

validating and replay in an in-depth anaesthesia system;
Fig.44 shows one form of pain level or consciousness level remote indicator;
25 Fig.45 shows a spread spectrum based wireless, active electrode system;
Fig.46 shows an indirect connected wireless module;
Fig.47 shows one embodiment of a wireless based active electrode system;
30
Fig.48 shows a drug delivery system linked to a consciousness monitoring

device; and

Fig.49 shows a power spectral curve of sample data.



uni que conbi nation of 2 inbuilt forehead. EEG el ectrodes (for bispectral
EEG signal- attached near patient's forehead outer mal bar bones) and one
further woRilb26El ect rode whi ch may be positioned about PCTawd20m76rom t he
patients centre ear towards the patiemdg s nose. 15 This single

sel f -adhesi ve substrate with as few as three inbuilt el ectrodes may
optionally include a di sposabl e el ect rode format. A further option may

all ow a seéﬁg@ or foil to be
renoved to 5 optt+onal |y contain an
in-built electrode and 20 a use by date of the electrode may be clearly

mar ked on the outer el ectrode packaging. This systemof inbuilt battery
and due dat @neafssm ohd\naepthesis @epélmio@wtqrmgafiwt@ahww@/) veiche aitilizes @i sk

dur abl o Enacomle e, 8o BREr Th R BRI CHRE P BBl Mo 58 o
the el ectrogdfeep! m@%ng eArlpals (SISA) Wor erh@s@/emuer)fmoe A@esaﬁesﬁah fmd%m‘dﬁng
neasur i ng devi ce include active el ectrodes, wher eupon an

el ect r oni csWitbaewde ‘é%@é@ﬁﬁtvﬂ%/"bﬁef?r@lﬂﬁﬁlt@ Figri 1diosto Jdel APM: nay RieseRt 191 ose
| ocati on of r |y

| ocat ed el et@%ﬂé{:é %L”fgﬂé;ﬁcﬁag‘ cgnpg% ?%(?Jms fr“l:)'[‘l}bmrtbd Fﬁpﬁé@é;]géglﬁ@ageg%ﬁ eé g)igt em
which is | esonitorec rpetieat's cx:cmscmpsness)amd @nocepresehtex’dmr adestoinslexpotcle- up.
El ect rode i npedanc er and may avoid issues of prior art

el ect roﬂ)e 5@1 gﬁﬂga'éﬁp‘gﬂge%]‘?%s%’r“éﬁﬁ? tion is required to clean and
abrade the patient skin surface, to achieve acceptably |ow inpedance

bet ween patient connections. Typical inpedances WO 02/100267 PCT/ AU02/ 00776
76 wi t h nonAkdii ireths eentestiet priay apedeptki ofoanestbesia mpanikering sysieris, dashns

ol cct ot baPPa:epaRarcre anird fhodh PEhetFe ER B afe clo bt hbRl Tn.s.

enbedded wi gbidetibhofshbstarasitRrofrobhenedregiousaess @b icenstigusesss. t AERi hdsui | t
electrodes using flexible printed circuit techniques, such as circuit

tracks 15ri alsedbean giepartedite baemere deseRrsive ban Bicto patiant mavemantune of

t he ADMS el C Fffis

el ectrical Eéé"l ng%? i %Wg th}é[\)/gf Bélrrﬁés Rgﬁﬁvggﬁédogfﬂﬂéﬁéjﬁﬁn e”gct rln(S,Jal
activity deteryence fram haesthesideapd $ketefarehyay dxse ablesiy precict renovery of
ul tra-1 ow noi se,. ul tra-%i h- i,nput ippedapce pr bqs Jhese probes do not
require a rEANSERYINGHS 5ﬁﬁﬁegicﬁ@n§§ S'aa&gajféggaﬁ el %h he general

principle of induction of a signal froma non-contact source.

20 Prior art depth of anesthesia monitoring systems typically deploy either AEPi, Bi
or both indexes as separate measures. The monitoring of AEPi and Bi as a
combined index (ClAi) is preferable in terms of a comprehensive depth of
anesthesia monitoring system with the ability to detect transition from
unconsciousness to consciousness (TUC), patient movement (AEPi) and the

25 benefits of a measure for the gradual emergence from anesthesia (utilizing Bi).

A depth of anesthesia monitoring system should be simple and unambiguous in
its' use. This presents a problem because while a single Bi or AEP index
presents a simple user-friendly system, the scope of a single measure (Bi or

30 AEP) limits the accuracy of measurement of depth of anesthesia. On the other
hand, relying on two separate measures (ie. AEPi and Bi) can complicate
system operation by producing confusion, such as an ambiguity as to which of
the two measures should be followed at any one point in time.



15 This technol ogy may provide a unique application for the ADMS el ectrode
configuration options. Electrophysiol ogical connection of the forehead EEG
connect i owe 0altbiaed ng nonitoring and anal ysis for AEP and PCIpamroeisc

anal ysis nay be inplemented by el ectriggal probes, which are enbedded into
the electrode substrate device and thus allow signal nonitoring with
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may be life saving for detection of fatigue onset (change in hypnotic and

consci ousness states can be detected, for exanple). The vehicle driver
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di stracting concterns o entanglenent” or other adverse effects. The ADVS
system may bedrespirethts elelectf instandess ofiral Subject atpremeturglylit emerging fsom

real -tinme wreless connected audi 0 sti pulus devi . Whj i i to
avoid 10 rBI'PARLCENERPr € ,esﬁagﬁsg%“%eé 8&#&%[‘3/%&’%ﬁ@"ﬁqﬁﬁ’g‘éf‘ﬁﬁgﬁéﬁﬁgaf‘d and
may be att aghgdol sotbhitalRafka®nhtidotturterideddfena@ory recalliar otheeasssuiated
process. Furthernore the device may include a disposable cover system

desi gneth t oeffestsi df, deoexampledde; ) wirl B ainhasragre met iamedisigle @pPaeeiudi o
Shangeover  fihftnel hatfodsorisianoss slith bR FocalCuifER4sE, TRRTRAEre

changeover cover s Gdé a unique protective-di sposabl e-cover
opti on provthd ngtureghf thel BalbiHG tdataisl lessolikelyite ndistinguish the eludios sBSSEYM.
audio sti rmlngrtv%rsmidl)\?vtn e?r?c; Q%a% irrlmlgyasugﬁéctively as AEPi, due to the more direct
hearing sensory analysis associated with AEPi analysis. Thus claims of audio
20 recall with Bi based systems may render these technologies under greater

scrutiny in future depth of anesthesia monitoring applications.

The ADMS addresses these disadvantages by integrating the strength of both
AEPi and Bi, while still providing a single user-friendly Comprehensive
25 Integrated Anesthesia index (CIAi) (refer STEP 23 and STEP 24).

A further difficulty exists with the current state of the art depth of anesthesia
monitoring in that variations between different patients can alter the depth of
anesthesia monitoring parameters with each individual patient. Examples of
30 variations that can change the monitored parameters between different patients
include different levels of hearing performance between the different patients.
This variation can be of particular importance where the comparison of AEPI
transition thresholds and critical thresholds, for example, is of importance.
Other examples of variations between patients, which can affect depth of



friendly and attractive for critical environnments such as operating
theatres. This 20 provides a protective cover wwth an integrated di sposabl e
battery awo oanoo2zsndustrial design which allows a totally fPomlAUsROGI76
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20 In situations where the user elects to use one or more different parameters or
where electrodes or sensors are detected to not be performing appropriately, it
would be desirous for the DOA monitoring system to allow the user to select or
change the sensors or electrode status, or alternatively for the DOA system to
notify the user and automatically compensate for the current electrode and

25  sensor configuration or performance.

The ADMS may address these difficulties by incorporating automatic sensor
and electrode scan (STEP 2) and MODE configuration (STEP 4).

30 A further difficulty which arises with the task of integrating AEPi and Bi is that in
order to determine which of the AEPI or Bi is most appropriate at any given
point in time, an independent method of arbitrating may be required to
determine which of the two methods (AEPi or Bi) should be utilized or given

higher weighting at any particular point in time.



EMG (for SSA EMG and arousal detection), mastoid el ectrode connection for
bi pol ar reference signal where the aforenentioned forehead connection 25
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20 depth of anesthesia into a simple but accurate single index.

Other difficulties with prior art technologies include an inability to respond to a
subject who may be paralyzed due to muscle sedation and paralysis drugs
administered in the course of an operation to prevent unwanted body

25 movements during the operaiion. There have been incidents reported where
patients were indeed conscious or partially conscious during an operation and
due to the influence of paralyzing drugs were unable to alert medical staff.

ADMS may alleviate these difficulties with the use of Arousal index, Body
30 Movement index and associated sensors, allowing the patient movement status
and/or arousal status alert, independent of CIAi (STEP 23). A further difficulty
that exists with the current state of the art depth of anesthesia monitoring
systems is the inability to calibrate the sensitivity of the monitoring device with

each patient's individual variations and sensitivity to anesthesia.



Psuedo Code Sanple (Psuedo code may be expanded upon or del eted dependent
upon whether the preferred enbodi nent demands such detail); ADMS
Initiali2a0ioengo280 Systeminitializes with STARTADVS i n deattAtsaneds
(switch-up) position; ADMS=O Systeminitializes in the uncalibrated

pati ent node; CALPAT = O (calibrated wuninitialised). W 02/100267

PCT/ AU02/ 00776 80 STARTADMS = 0 when start switch is de-activated (up

position). ADMS, = | en art switch is.activated (down L tian).
STep 7" hUTOIMS SERiRrPIR b e rpRR S S pide of EfR AT ieted
el ectrodes phecfelGALPAT)Vfalles ROSRodfy BRIRIES hes¥Séam tradidrowmrabhe and
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| npedi nent s "of “previ ous art systens Us as a na

moni tori ng tepindividual patichts sansitivityte AERifaralBLy to conpensate or
accommfl te for the variatations in hearing performance (or response to
audi bl e''stinuli) 20 between different patients (Lippincott-Raven, 1997).

These vari an fjthef adif ngﬁ%ﬁﬁcbr#& dre Qe ShSdeeh daptH be Bt Aibriforinge

audio stinulus attac it method and device type (typically a single or
pai r of ear sygiemsds the diffisuity taocoropensate ona@scommadske doi el \atying hearing

' : he 25 physi ol ogi cal AL j ' f ord i
between i f PERafTamcH fir SeSdbid o Aidieisiiu) BePic IaePal iR A ¥isiCency
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heari ng performnmanc ween i ndividual p
attachment method and device type (typically a single or pair of ear pieces are

used to generate audio click stimulus in ear piece), or physiological variations in
hearing performance evident between different subjects. The ADMS of the
20 present invention may adjust the frequency spectrum, amplitude and phase of
the audio click in order to provide optimal compensation for different audio

stimulus device and attachment types and hearing variations (113).

It has been reported in recent publications (Vuyk 2002) that prior art depth of
25 anaesthesia monitoring systems suffer several concerns. One concern relates
to the use of the bispectral index monitor (Aspect Medical Systems, Inc., Natick,
MA). This device relies upon the bispectral index (BIS) to monitor
consciousness-sedation-unconsciousness levels. However it has been reported
that various anaesthetic agents on the bispectral index scale appear to be agent
30 specific. In general, it has been reported that agents such as propofol,
midazolam or thiopental have a strong depressant effect on BIS. It has also
been reported that inhalation anaesthetic agents propagate an intermediate
depressant effect on BIS. However, it has been reported that the opoids have
little or no influence on the BIS at clinically relevant concentrations. Also



(112). An object of the present invention is to provide a neans to
calibrate the ADMS AEPI nonitoring function for each specific patient's
heari ng reeponers7 This WO 02/ 100267 PCT/ AU02/ 00776 81 capeabiAtoryo77ei t hi n
the ADSM is achieved by providing a r e of audio calibration stinuli
signals and neasuring the AEPi response to this said range of stimuli.
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and optim zatjon, of spectral. content Qf 25 the-audi,o St Lgnal _in
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this manner (BOAEMMIL) 'sRiriafbhs ar peédicéi Midicdi@ardfng pREEhs NRASHIG® Nitbi ons
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deri ved!§ or consgiopsnassnio wngenseinesness agtalipasition fremi HRCRNSYQUSNESE i@ us
frequency a | e L %A el | . | 30
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02/ 100267 Ptcr;gtpéléonwrglgtg% d?ffzerent anaesthetic agents are reduced or alleviated by a
measure of BSAEPML which is directly related to thermus and temporal lobe

20 generators which in turn are directly related to the patients state of
consciousness, and most importantly by definition of the function of

(BSAEPML), to risk of memory recall associated with critical times within

operation procedures.

25  The prior art utilises BSAEP, typically being 2 second frequency audio stimulus
clicks as a method of auditory sensory stimulation. The ADMS may incorporate
a steady state Audio Evoked potential capacity, including a capacity to provide
higher continuous frequency of audio clicks. The range of audio frequency
capacity may be from %2 Hz to 100 Hz. The steady state BSAEP may provide

30 greater sensitivity in that more subtle changes may be measured from the
subject’s BSAEP. Responsiveness may also be more precise due to the fact
that there is less time between consecutive stimuli clicks and therefore there is
less delay and less likelihood in missing physiological responses.



STEP 4. AUTOVATI C ADMS CONFI GURATI ON * The ADMS systemis capabl e of

provi di ng user adjustable or factory default MODES. A library of MODE
confi gur awpenr4goen be configured for different patient typeEsse/oU—ger
specific requirenents. 5 Subject to connected el ectrodes and sensors and
the status of each of the said sensors and el ectrodes (per above step) the
ADMVS syst enTHetADMiSn@sytiheuds pdapacity td pgwidd interactit@bESAER. MthegatieethakEP
and Bi. 10 2- Bi,only. MODE 3- AEPi .anly. tion 1- Body Myvenent
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(aut omat i catHey system tth ‘ivalidate” racrei aceurately vanch pogriselyipatiend status. urder ADVS
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forehead EEzg) ppistiptarteandedithcehi n EMG el ectrodes for arousal analysis
and event detection. A logical OR function will, by default, display an
arousal event if an arousal is detected fromthe forehead EEG OR the Chin

cmbodi mont A0 DS, il BEARBEE Gy, B HHEPEE hpR Reausmty P BiIEA dya
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sensor. Option 3- Electrophysiol ogi cal  Arousal, Detectjqn (derived fromchin
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Sensor PassgEal e : ail it § Bir, or
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i d f th i | t A .ab th 02/ 100267 PCT/ AUQ2/ 00776
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measure or monitoring in accordance with the subject’s state of consciousness

but more importantly, a precise transition state from consciousness to
unconsciousness and unconsciousness to consciousness. The 80 Hz audio

stimuli and corresponding AEP may aliow a graduated measure and monitoring

20 method for brain stem cortical response which is an important signal for
detecting a patient’s risk of neurological damage or risk of serious or fatal over

sedation of anaesthesia, for example. This 80 Hz (or similar higher frequency

rate) may provide an ideal alert or warning measure for the ADAMS to prevent

or reduce risk of over-sedation or excessive depth of anaesthesia. This 80 Hz

25 Continuous State and is BSAEP signal is a key measure for brain life or death

status.

The ADMS integrated index and integrated monitoring capability may vastly
improve upon the prior art by incorporating an important measure of hypnotic
30 consciousness state (utilising bispectral analysis), incorporating effective
transient state measure from consciousness to unconsciousness and
unconsciousness to consciousness utilising lower continuous frequency such as

40 Hz click stimuli, and also incorporating critical brain stem cortical status



perform ng appropriately, what steps can be taken to alleviate the problem
5 Alternatively the user can be pronpted to request the ADVMS systemto
reconfi guwe oche2syst em MODE in order to ignore the poor elpegtatodeo776
connection. The 10K threshold can be c}sanged to the user's selection. >
Fail condition for AEPi, Bi or SSAi would signal that the respective index
10 shoul d bevameingrdretalest eapabilityhparicalzely Zer redusieghtiskngf obveraadministsation
response to sigga&l ai | ur autgmatical | y changes node in accordance to
above STEP 2f8Raestpglc PHFeLRHNYIULSt . Mode 1 i npedance wei ghting ef fects
are shown in Table 1 below. 15 TABLE | AEPI Bi SSAI Pass Pass Fail MODE
1- Integrated AEPi and Bi w thout SSA arbitration. 20 Pass Pass Pass MODE
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sensors, (per STEP 2 above) and the status of each of the sajd sensqgrs and
el ectrobées PRwergsaueins sRHILFeAPIRGRN ﬁisos%st"éﬂ{?c‘gﬁfftf‘&fﬁ §Sﬂ’§§FﬁteE}M Bp 5 -

PATLENT SCEGHRLS APLREASH O ZAABITERNHOLEES, pileaps o dspesi e
signal- attached near patient’s forehead outer malbar bones) and one further
inbuilt electrode which may be positioned about 1 to 2 cm from the patients
centre ear towards the patient’s nose.

15
This single self-adhesive substrate with as few as three inbuilt electrodes may
optionally include a disposable electrode format. A further option may allow a
self sealed outer sterile cover typically plastic or foil to be removed to access
the new electrode. The sensor may optionally contain an in-built electrode and

20 a use by date of the electrode may be clearly marked on the outer electrode
packaging. This system of inbuiit battery and due date labelling may avoid
conventional technology issues and risk of both cross infection and flat batteries
during critical use. A light, durable and non-obtrusive electronics module may
optionally be clipped to the electrode substrate providing wireless interface to

25 the ADMS measuring device.

The ADMS may include active electrodes, whereupon an electronics module
(separate or inbuilt and disposable) may provide close location of amplifier
buffering to the inbuilt electrodes. This closely located electronic buffering
30 circuitry may provide an electrode system, which is less vulnerable to stray
capacitance and external noise pick-up. Electrode impedances may be higher
and may avoid issues of prior art electrode systems, whereupon extra
preparation is required to clean and abrade the patient skin surface, to achieve
acceptably low impedance between patient connections. Typical impedances



change of zone A to B), Transition fromthe deepest stage of
Unconsciousness to a | esser degree of Unconsciousness (change of Zone B to
C) and Traoletdmn? 10 from Unconsci ousness to Consci ousnes®CI/ALG2/0077€one C
to D) in the ADMS systemis determ neggfromeither default values as
derived fromenpirical clinical data (see below) or fromvalues as derived
by way of twithshar-dstiveletestoidesdnay the Gakilobolans monyfaredttoedd KilGAvms)or

function. 15 Graphic .referen of, AEP an I . show.n hases of a typical
anest hesi a MR WBP?‘H@%@%@?@% with,ag Yﬁ/\ﬁ%c 0&?583@9‘3?8%% es 2 to 4 bel ow
describe the associated ADMS transition zones. TABLE 2 20 1. Start of

nonitoring 2. Zone A ----------------- Smmmmmmo -------C 3. Transition
from Zone AThe electrode-tuffer ¢andiemanmlification -and. filtering)- electronics- may. be- - - y

g; ) Tr an% t ' _8Pn_t{ef I fen_d_z_%_ri}ﬁinBtﬁé) scljbstratqJ of E\%\r/\/g’éﬁoﬁgﬁzﬁiﬁﬂyz Dear dhe, in-built

D--------- Teldctdded0nRing flexibte -printed - circuit- techniques; -such as- Gir€uig Urackd
presents a typical AEPi and Bi versus time functions for a patient 30
under goi ng BERGOON ahwihindbe glectipderpiisti@i®.al axis represents tine
progressing left to right fromthe earliest to |latest tine. Note the
gradual Bi curve ascension in zone C versus the steeper ascension of AEP
in Zone C f Arfurthérefedtune of theoADMS pletiredd conmmetidnisothatit sosynvaetsrequire direct

O o By RO EL S el B Dy g <
depl f)y the detesiiirabas beén bedh paEsibleanyd rdtient ativanees jiv elyeriowngisa, sitiagiigh-
SO <> zonePit bR eRe " SR oBe BR P fesiFe e cupreh Bty 67805
Def aul t or &mbbpératd orhe@eneral Bibcivlé OTAudtiDDBEa SPNS\ONDBACN{COMAECE $AVDRD

Cal i brated Patient Data -> CPDZA CPTCU CPDZB CPTSW CPDZC CPTUC CPDzZD 10
NOTE: Val ues exist for Bi and AEPi for each of the transition points and

zones A5 B, ThisastHaologhABdy $rovide a unique application for the ADMS electrode
configuration options. Electrophysiological connection of the forehead EEG
connections allowing monitoring and analysis for AEP and bispectral analysis
may be implemented by electrical probes, which are embedded into the
electrode substrate device and thus allow signal monitoring with minimum

20 invasion.

The electrode and wireless systems may be used in a configuration of only
forehead electrode provision for predominantly bispectral analysis. This type of
simplified configuration may be especially suited to driving, operator or other
25 vigilance monitoring and may be life saving for detection of fatigue onset
(change in hypnotic and consciousness states can be detected, for example).
The vehicle driver using this system may simply opt to open the disposable
electrode packet, remove a battery start enable paper tag and self-attach the
discrete and virtually undetectable wireless electrode to the forehead under the
30 hairline, while a wireless mounted dash (or cigarette lighter connected) device
monitors and alerts the fatigued or drowsy driver, potentially preventing a fatal

road accident.



15 Definition of CODE Description Zones A, B, C D Key Zone Ranges and
Events. Zone A C Patient in Consciousness State. 20 TCU Transition from
Consci ouswesg/1e@elnconsci ousness Zone B U Patient in unc®aTNloae0ssat e.
Zone C U Patient in unconscious state. 'JfUC Patient Transition from
Unconsci ousness to Consciousness 25 Zone D C Patient in Consciousness
St at e. BM BAHuRhes eoaerofof Buidy aNtdepiie of anaesthesiarrebniferjng systeme whiels doce.

of Arousal events (ref 35) Pati | i.brated val ues ref t. di fvi

adi usting ¢ FeSArtsome iR (BEAEP TR AT ptrRhliEdt bh el miged Rlpiie ™ '
pati ent - by- Rldn@Néf Aafitcry sliffilieaysters tbh Baﬁéﬁ@@@r‘iﬁ a@lIrylepPépératisRidrod
are based around neasuring the patient's Bi during the patient's first
occurrence othermagdicali racedurerean bedissoneriiingstooipvasive apdivdiesranbcablg

accordance w th.AEPi, TCU enmpj L. t r It S ve
(refer sn‘f epC : 'r_\'f%%jz/ %Jvﬂ%?hﬂé’%%ﬁﬁaglﬁog'??@&eggg%tg%ﬁ@éﬁ'ﬁ@rgﬁbg%ﬂngf Af
Patient, tranginglementdresthel ddversgesfectbCU, TUC) and display zones (C U
can be allocated specific to the individual patient's sensitivity to AEPI

and Bi. 5 Default enpirical data values of AEPi (ref 3), Bi (ref 3) and SSA

6 Unconec: SR Byllayt REnfIdER tiocd Bffculficd shd Iietighe oy ARaRYRYy 3" ess
transi ti oni realtiMmeowiieldsseconmeset tudie sticwiltus desivel dvhich isedesigiteédsta aveidal or

first transitjon of consci ousness state es .a calibrati int f
the ADVES oy SIBRAP o T Gs 203 b sh ST, A 0% cnisst Bedrahd A @ag Fig be '

anest hesi a AfBihed tANTheSItidRNIWitA! id"gsiﬁgﬂ‘éi hbMiihvasivép@efidp fprosbss.
consci ousness t o0 unconsci ousness transition has been tracked and analyzed
usi ng the APuBhegsorentte davieaTmiurioclude,a alispasable coveinsystemndesigned doB, B

or 11 no-t unBtP RGPS MrAI it elind: A€ ke oot dudi Splfuds oRiey

bet ween AEPjp p@¢eRBised! TCU is. unique to each patient and can be used to
ext rapo1l5at e each individual patient's TUC threshol d val ues.

Furthermore the speedy disposable changeover cover system may include a
unique protective-disposable-cover option providing high reliability and
convenience of a wireless BSAEPML audio stimulator whilst being highly user
friendly and attractive for critical environments such as operating theatres. This

20 provides a protective cover with an integrated disposable battery and an
industrial design which allows a totally fool proof attachment of the cover with a
“snap in“ battery function (either rechargeable or single use). The “snap in”
function, denotes that when the user opens a sealed pack which displays the
use by date for the cover-battery (protective cover for audio stimulus device with

25 integrated battery), the user has a simple battery activation means such as
removal of a paper or cardboard tag labelled for example “remove when ready
to start. This type of methodology may ensure that the user never needs to
contend with flat battery issues while the protective cover with integrated battery
avoids cross infection. The “fool-proof” battery with cover method at attachment

30 and use may be by way of the battery sliding, clipping, magnetic slotting, or
slotting only into or onto or part of the wireless audio stimulus device.

The method of incorporating an anti-cross-infection and battery management
system into a foolproof cover system alleviates two major issues namely, risk of



The ADMS uses the basic principal that detection of the TCU for a specific
20 patient allows all subsequent transitions and zones to be estimated with
greater WwengiloG2¢71ty and accuracy than using enpirical datraeTsaloebyr7¢as with
prior art DOE systens). General overvigw for CALPAT operation: 25 a) After
ADVBSTART is sel ected the ADVS nonitor atients AEPi, Bi and SSA, b)

Enpi ri cal d#éiabatéryegoinig flavaad cedsshivifdatioh andehay becaduptéd emall e&nddrl) stide
conpared to actual and real-tinme patient's data for AEPi, Bi and SSA. c)

The wei ght | RIPAREERAPPIRRIIPRS t 0 each of AEP, Bi and SSA i s dependent 30 on
the followng factors. d) When the TCU (Transition A to B) has been
identified for a specific patient is derived. e) The TCU transition is
noted in teRig1chdWeaAerviBiv fod dSéranalaiean ADMS rextdondingf tot &gseferred
correspondi ng TUC vaJ ues, allows the accurate swtching and 02/ 100267
5T ADP 00 PHPORSRb AT dop PRGSO LRI @RS sTid it ihg Joundingra are
transitions gelcflitbPrelBut © € and Cto D) and Display Zones (A B, C D). f)
When the TCU (Transition Ato B) has been identified for a specific

patient other transitions (Bto CGTSW and Cto D-TCU) can then be derived

5 fromthis | brag,ion d xalDer b ving. the. equent transition states
fromthe CAI?&%‘P QngagttléRZ\ Smiaﬁéﬁﬁi%?\?ﬁ%i%&&‘g@%? §P§ S %USgi ven
patient than reliance on enpirical data values for these subsequent

transition states (B to CTSW C.to DTUC). 10 Sanpl e pseudo code sanple for
CALPAT 1@incfiopneases dese odrd nayjnipa! @Jﬁﬁé@@%&%@ura\iwma dyrigald slrctigsiet

O s ST B S, BRIOHATEN o, RS AR Aehdody el
def aul ts TCgystERW aAderfdBivelyl aesinbleorseaspi devizk éatendingirmierithe pafierdishol ds
Elg) ZQ,Bﬁg?or%ﬂeg naendE Hirrllr%%ly Ele ErsTgclir Itc? aallloa\/El?heS%'?\er?eoanéj Iéb&?SEE Efan?élll’
reference connections/AEPi connections (where AEPI reference may include a
15  mastoid connection), while also allowing EMG via chin surface and mastoid
reference near patients ear and optionally wire or wireless connected earpiece
for audio stimulus connection. The electrode device could contain 3 electrodes
whereupon Bi and SSA EEG signals are derived from the forehead electrode
connections (outer malbar), EOG signals are also estimated from the forehead
20 connections and reference is derived from the central forehead connection.
Alternatively the electrode device could contain 6 electrodes, being the
abovementioned electrode with the addition of 2 electrodes for detection of chin
EMG (for SSA EMG and arousal detection), mastoid electrode connection for
bipolar reference signal where the aforementioned forehead connection
25 provides the BSAEPI signal, and optional earpiece interface or connection for
AEP audio stimulus. SSA EEG and EOG signals would be derived as
estimations of conventionally placed (per sleep monitoring clinical standards
(34, 114)) for EEG, EOG and EMG signal monitoring. Estimations are required
in order to allow the minimal and simplified ADMS configuration, while still

30 providing SSA.

Incorporating the self-adhesive forehead attached electrode system as a single
attached substrate would provide simplification and ease of use. A wire or
wireless connected ear-phone can be applied to one or both of the patient's



Transition Transition-refl Transition-refl (ref STEP 16) Zone A to B (TCU)
76 65 CAWS OR CA2WS Zone B to C (TSW 40 36 CA3WS 25 Zone Cto D (TUQ)
74 50 CAWKO :@R0I2A2WS AEPI Bi > Assign TCU 65 76 > Assi @aT/AUG28@76d4 30 >
d) Start CAP PAT procedure and determ patient specific values for TCU

and TUC. > e) Read Current Patient Data value for AEPi, Bi and SSAI %read
the real - téams fort threnpudause ahg@etenatinge theiAERiealimphusi itk Saundiat ¥Whertues

to TCU Enmpirical Data val.ues.for AERI . Bi and SSA,, VWO 02/10 7

PCT/ ALD2/ 00%/BIE38g CANTIgUIBlip ofs Ussir e pRTPIEGR=ROU, B ??fﬁilﬁ:‘i‘g’% fop,the
Transi tion §eeffbnfe8NH6HQAEIOLESWEP akl WARIESPUGMES SnteHiakd, iGné Bsthd baiguer
equal to (<=) Enpirical Data AEPi Values (IDAEPi) for Transition from

Consci ousneaspeas ofithe AHVVISesEaD ig trerpbilist to adibs ¥elunsaebtheastiedlusor Bj
and SSAi.. 5., T ' ! " | Qfe@i-ely
to vari QDI e%hqkotpeeyo@ ?g%q\itg ”ggr?‘.afeﬁ? r ggq”?%%?%re ZSn%I %ﬁ%‘h‘g?f@%éggns >’OI}L[IIS ness
to Unconsci euieiers cohtfenSiatd @i Gddirihgapdrféimhartentvadiafionis drdtwean adifferent
Transition from Consciousness to Unconsciousness for SSAi (CDTCUSSA). > f)
Assign; 1oPaEt®Bi CPTCUSSA > g) Transition states TSWand TUC are now
derived fromTCU. Calibrated Patient data for Transition from

Unconsci ousness to Consci ousness for AEPI (CPTCUAEPi ) will be derived from
CPTCUAEPI tTheslé¢dtmnics miodule ean clifp oCREaErPthe suler spdace ofitie dispoealleed t o
CPTCUAEP; . te that in re . conpl ex enbodi.nents of .the . D[

comp! 1 8 ecSepHf bRt prd Opse: wipkss e rctt ek ba Flastoge
provide a i8hs d R wilkth 188 WispRRabId MBcFYEE Sttt Roald eptiordllyOnce
t he val ue %@ggﬁrscug‘?ﬁ@destvgbl i shed| er above? CPTU%:B@ can be gtéri vgd (in
a si npl e enbed rdisposablal bateihdtus aveiding Bhe uagaty othmswiss for @ehavgiag 9fr om

enpirical dglteactrg(naicrs‘g ﬂo%ﬁ%ét%e@%&lme (electrode may be subject of separate
patent). Optionally the electrode system can be designed as a re-usable

15 device.

The Electronics Electrode and Sensor Module (EESM) can be a fast charge
system with charge capability electrically connected (for example, via electrode
press-stud connections), slow charge system (via induction or RF interface to
20 EESM recharge circuits), or a combination of both systems. Clear EESM
indication (ie. LEDs status) of remaining battery life and remote warning of
pending battery flat alert is always active. An easy to clean container neatly
holds EESM module and sensors, while at the same time providing ongoing
charge function. One or more LEDS provide a clear status at any time for the

25 remaining hours of charge energy.

Psuedo Code Sample (Psuedo code may be expanded upon or deleted
dependent upon whether the preferred embodiment demands such detail);
ADMS Initialization;

30 System initializes with STARTADMS in deactivated (switch-up) position;
ADMS=0
System initializes in the uncalibrated patient mode; CALPAT = O (calibrated
uninitialised).



> h) Assign value for CPTUCbi 25 > CPTUCBI = |DTUCBI /I DTCUBi X CPTCUBI

Furt her enbodi nents can utilize a nore sensitive formul a based on appl yi ng
any conbiwetoeam2ef TCU, TSWand TUC derived from usi ng paPCemuoae®i’¢ Bi

and SSAI data to derive TSWand TUC. 3 ATCAL and default threshold
determ nation for TCU and TUC The thresholds for TUC and TCU for BSAEPI and
Bi can varySI@REEDMEEiCewhen starhswitch isade-asidBed dup pesitiohpdi nent assunes

that the relati | . between  these TCU and TUC val ues.is able to be
derived (r e%?f‘@ﬁé@m%, = Apyaea §Wﬁ%ﬁ%wmm%%99 cal data (Gajrag
et al 1999) and then nodified for WD 02/ 100267 PCT/ AUO2/ 00776 89

I ndi vi dual patient cor_pol I ance with PATCAL functi onE&Eer step 5, ADMS sanple
enbodi ment ) STER\@y eAUTQMATIC ARNSORANR ELECTROBESLHEECK SEATUS |

providing a re accurat eri nation of .th nd. T shql may
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this 5 devi ggnfigeraRon airdonstififatioheoff Altb@iatio endor abdesiectrodagaality dthrisADVS
in predicting nore accurate default and PATCAL TCU and TUC val ues; BSAEPI ,

Bi, SSA eyéehgek.-opening and novenent status, eye novement status, arousal
and body novenent status. 10 STEP 6. |S CALPAT SET ? If no go to Step 7 and
If yes go to Step 9. STEP 7. SET TO ADMS DEFAULT (1 MPI RI CAL DATA) DI SPLAY
ZONE FUNCT PeNSdichffedancBi3cannipigZds, aliRiECiropiysilodicabeiptirodes pawidesviideues

are referen s a neans,. of establishing the transition, of, zones A .B, C
ond bR caAEMEIng Gty da TaEe a SiBeorahen o canan IAUhO R ADkPaial i

val ues usedy; ; hi YoN ; | lnin6}

oresont ati ole, THE SHERASCIOhN bDVRIACHIETBMorR R cofibc P bt Eloctiode
Transiti on Eopnediioal. AEMtemBativelycdhe BADBS3 @®nautdraticallRefreonfiggred4cto 25

L1 TNt e i ol Begehighap A STkl LabiTB: O

anesthesia in the absence of the disconnected or poor electrode contact(s).

15
STEP 3. AEP AUTOMATIC CALIBRATION
One of the impediments of previous art systems using BSAEPi as a marker for
monitoring depth of anesthesia is the difficulty to compensate or accommodate
for the variatations in hearing performance (or response to audible stimuli)

20 Dbetween different patients (Lippincott-Raven, 1997).

These variations can be caused by factors such as the generation of the audio
stimulus attachment method and device type (typically a single or pair of ear
pieces are used to generate audio click stimulus in ear piece), or the

25 physiological variations in hearing performance evident between different
subjects. The ADMS is capable of adjusting the frequency spectrum, amplitude
and phase of the audio click in order to provide the optimal compensation for
variations between different audio stimulus devices, variations due to different
attachment methods (of audio stimulus device ie. ear piece or headphones), or

30 variations due to different hearing performance between individual patients
(112).

An object of the present invention is to provide a means to calibrate the ADMS
AEPiI monitoring function for each specific patient's hearing response. This



30 Zone Cto D(TUC) 50 74 Wor STGL to ST& or STG3 TABLE 7 35 Zone Ranges
Bi Range AEPi Range SSA Conditions ref Zone A 100-82 100-65 WOR STGL WO
02/ 10026 WBG@IN#2B2/ 00776 90 Zone B 82-40 65-35 STQX or SPGI/AIN028IE or REM
Zone C 40-75 35-50 ST& or STG3 or ST r REM Zone D 75-100 50-100 WOR
STGL 5 Determ nation of switching or weighting of BSAEPi and Bl. It has
been report edpakiify; agitiein dhe 1ADSM,t imtachiERiedpbyv pdnddingpeovanpelasfeatudion  of

the t iti fr, t [ TUC) . . Thi s, be d
Lo BSAEPr o CPLRAIAG SHUTNSORaE F1EL RsrSunng i Eh qeengse 1o e sail e ve.
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subject's ear and auditory nerve. An increase in P signal * can
provi de a semspiticaleclinica data. oTheHdoundiPressers beyeln@Rlg ofrthe poiice stimrlusac k

of in state of pynconsci qusngs i th communication h o.the brain

(sate 5 2 K papised) R Te desle JfRRo0trnar e npacetls thnfeabfirielo
audi o recal Istarddard hearifdipatibheg agefcpéncsd fradtth@ @niiritdlizagdi t ory BSAEP
comuni cation paths provides a nore rapid signal change and subsequent

measure of transition state than that of BIC. BIC signal, in contrast, is

a neasure of r.al . 14M ] lg‘gn?'é ) '
control si gr'fa&\%is/oer% %&‘%%ésa%&oéry“%lfﬁﬁé?' ! magipl S%%Bé&c%%%g sﬂgnelﬁ/ééﬁl(g?%fnd
directly relcaimpensatdueforpas requiseds Atfaictimes safe SRictevels ean det verifiedetot h of
anest hesja status, such_ as, vulnerabjlity or risk of post- operative nenory
recal I . 1¥n I%Erﬁsqfﬁéuﬁﬂ\@'ﬁngll@a‘iﬂd't@r@f referring to the SSA anal ysis and
in 25 particular the patient's EEG spectral conposition, to assess the
progression fromone stage of unconsciousness (sleep) to a |lighter stage

of consci oumes of thelwigle aBpests' of diep kSt Systemoin BEARRIlNdo Bdyst the
assessnent of  SSA

, «alds .the arbitratio rocess. «.nproved determ natjon of
pendi ng ons¥Pluspe tq{gh‘?tﬁ'myﬁ’ﬁng&'ﬁ bﬁy%% t %ecfe%@enggn%lch\?a&%dlr\mo{ [t Re
ability to appipenshisRF habfhy peffontndd vARGdHsSERech Uithoret patients api d
increase in the BSAEP signal (as would be expected with TUC). O her MODES

of the MDMVB are capabl e of applying any conbination of BSAEPi, Bi, SSA
eyel id openijngy, ang TMSEITRES, Wil Sathbs BYREBYigrdidddEs not respond to the

AEP threshold levels as expected from "normal" patient hearing performance,
the ADMS system provides a servo gain control function. The servo system is
achieved by adjusting the AEP audio stimulus click amplitude level (while
20 ensuring safe levels are not exceeded at any time) until the AEPi signal derived
from the patient's data is similar to the levels as expected from normal patients.
Further calibration of the AEPi signal can be achieved by detecting a particular
patients hearing performance at different frequencies or combinations of
frequencies and different levels thereof, and optimization of spectral content of
25 the audio stimulus signal in order to compensate for each patient's individual
hearing variations. In this manner the most reliable or efficient hearing
performance conditions can be determined for each particular patient to ensure
the AEPindex is derived for that patient under the most stable and reliable AEP
stimulus frequency and amplitude conditions on an individual patient by patient
30 basis. These same principals can be used for the automatic and optionally

remote servo control of hearing aids (a subject of separate patent).



WO 02/ 100267 PCT/ AU02/ 00776 91 arousal and body novenent status, as a
means of determning switching or weighting between Bi and BSAEPi . STEP 8.
SET TO ADNB oREHARWLT (1 MPI Rl CAL DATA) DI SPLAY ZONE 5 TRANSCTIADN2BOUINCTI ONS
(I1DZTF). (1 DZTCU, |DZTW5, |DZTUC) STEPg®. SET TO ADVS CALPAT DI SPLAY ZONE
FUNCTI ONS (CPDZF). (CPDZA, CPDzB, CPDZC, CPDZD) 10 STEP 10. SET ADMS

DI SPLAY ZONSTEBRAUIAMSETOMAITICCADBIS CONKIGURAXIGN PATI ENT DI SPLAY ZONE

TRANSI TI ON FCRVU (CPDZTE) STEP 1 SET. ADVS ALARM THRESHOLDS .1

i apl 2y Zone (O FOMP SIS FRPAIRGT Oy St pret PIBIANS, 08 1HH1E5e AT
consi st of RlEDESMArAI|itgsryast MOBE! aynfiirafibeicafnb®fcopfigliredt k¥ different

i nportance to ADMS user, including body arousal or novenent for exanple.
The DZCAT chatigrt types enuser speaifierneguiedenthe Cl Al display, al arns of ot her
forms ofgp user notification to assist the ADVS operation. BM and A can be

used to weight or bias the CIA towards patient consciousness state and/or

r epr esent edSapjeit pacohnected @legtrodesambseisars bad thé etates of edslebf the said
notification to assi st th%si&Dl\% operation. 2 SngAéZ- AEPi ANALYSI S (ref
3, 61) STEPSensorsepnd glpetiasies fRespaboveraiany e ABMSEyptem - determings vibes

(ref 3) Fig . : chart of one form of bicoherence, real triple
pr oduct andsyéﬁsﬁgg%ﬁf@rg#%ex anal ysis. WD 02/ 100267 PCT/ AU02/ 00776 92

COVPUTATI ONMGDBI ’SFPE@Q%M(/EH #BIBHERENCE AND REAL TRIPLE PRODUCT L 5
B(f1l f2). = 2: Xi(f1)Xi(f2)X *(fi+f2) 1=1 Epoch length = 30 seconds 75 %
fo; fidhEHe dig

overl ap uce variance of bi-spectral estimte
MODE 3- AEPi only.

Option 1- Body Movement Multi~zone movement Biomat sensor.
Option 2- Body Movement Single-zone movement Biomat sensor.
15  Option 3- Electrophysiological Arousal Detection (derived AEP and/or B EEG

electrodes).

ADMS MODES 1 to 6 can be configured (automatically or with manual
assistance) with options 1, 2 or 3. The ADMS system will detect the presence
20 of a mattress sensor and type as being single or multi-zone. The ADMS system
will also, by default, detect the forehead EEG electrodes and the chin EMG
electrodes for arousal analysis and event detection. A logical OR function will,
by default, display an arousal event if an arousal is detected from the forehead
EEG OR the Chin EMG electrodes. For the purpose of this description of
25 preferred embodiment we will assume:
MODE 4- Integrated AEPi and Bi with SSA as Bi-AEP arbitrator.
Option 1- Body Movement Multi-zone movement Biomat sensor.
Option 3- Electrophysiological Arousal Detection (derived from chin EMG
electrodes of forehead EEG electrodes).
30 Automatic Electrode and Sensor Pass-Fail detect and Mode select.

> Fail condition for AEPI, Bi or SSAi is signaled when any of the respective
electrodes or signals is poor quality. Poor quality electrodes (for example)
would be signaled if the impedance of the said electrodes were above the



10 L=epochs, i.e. 1 mnute of data f1 & 2 are frequency conponents in,the
FFT such that fl1+f2 fs/2 where fs is the sanpling frequency Real Triple
Product (WoRp/10@b7 L RTP (*f1f2) Pi(fl)Pi (f2)Pi (fl1+f2) 1eCTNUWhere Pi (fl)
IS THE PONER SPECTRUM P(F) = |1 X (F)12gBi -coherence (BIC) 25 BIC(f1f2) =
1006 f1f2 VRTP(f1f2) ranging fromO to 100 % 30 STEP 15- Bi ANALYSI S

Dl SPLAY OR E&éﬁatﬂéEBlétﬁodSLEEﬁ’e@m@I M@eéhwlds’SI g )(r.er\) inff3stangs, thteshald)

Fi 4 sh f : Fi 4,
the " 35 si cligals Bgi 1) o ShSoisirpade SYaEIE: o ARYB IR FBREIOei g
the context to@gabames A(mﬂscwdwi §gh& MHen utslae éﬁd@wowhﬁh\/\%&% #hatl eep

stage esti of a subjects (derived) OG and EMG data (in the
form of sl eperfetaing a;sprmnemm,owmv sM/mmmmwm t® zllgviate e farellem.

aby -~ De | BTV Blo TR B 0 B8 Thrafthusid b To g e RS Byt 0™

el ectrode criHpRfigLRthd sysidm M@@E)lrf@nfdeﬁwrgﬁo@e%e pear elggtlodetonaeeti®s f or
near Eatlents chin or cheek for EMG signals, or alternatively may be

derl ved 5 fThe0K threshadd capdeehpngsd tPéh%Hé%ﬁ seleshom area) el ectrode
attachnment. If only forehead EEG el ectrodes are used, the EMG data will be
derived as nuscle electrical anplitude from signal frequency response
range of (typFsincbpditién fdr ABPil 3B dﬂzssmmmd I‘ngnéJOth'ﬁlhéhSS’Aspmtwet mdaxe

| d d h h i
wei gt | Ty aRBPYSRG ekl 2t Jibrat LreneBhing &Y aRasRib FEeRbe e o
sleep st age§|gﬁ§f‘faﬂﬁre1aut%ma°’ticaﬂy cﬁg%eél\ﬁ‘lﬁa@e inAROFIAHR-6h5ove STEP 4 and

the following table.

Mode 1 impedance weighting effects are shown in Table 1 below:

15
TABLE 1
AEPI Bi SSAI
Pass Pass Fail MODE 1~ Integrated AEPi and Bi without SSA arbitration.
20 Pass Pass Pass MODE 1- Integrated AEPi and Bi with SSA arbitration.
Fail Pass Fail MODE 2- Bi only.
Fail Pass Pass MODE 2- Bi only.
Pass Fail Fail MODE 3- AEPi only.
Pass Fail Pass MODE 3- AEPi only.
25
BM-8Z BM-MZ AR \
Pass Fail Fail Option 1- Body Movement (BM) movement Biomat Single-
Zone (SZ) sensor.
Fail Pass Fail Option 2- Body Movement (BM) movement Biomat Multi-
30 Zone (MZ) sensor.
Fail Fail Pass Option 3- Electrophysiological Arousal Detection.
Pass Fail Pass Option 3 and 1-
Fail Pass Pass Option 3 and 2-

35 NOTE 1: BM-SS = Body Movement Single Sensor; BM-MS = Body Movement
Multi-Sensor



TYPE CA1 WS Change from WAKE to (sleep-stage 1 OR2 OR3 OR 4 OR REM ref
34, 35,45,46 20 CA2WS Change from sl eep-stage 1 to (2 OR 3 OR 4 OR REM
ref 34, 35w0924@26TCA3W-S Change from sl eep-stage 2 to (3 ORCA/ADR2BENY 1 ef
34, 35, 45,46 CA4WS Change from sl eep-sijage 3 to (4 OR REM ref 34,35, 45, 46
CAS5WAS Change from sl eep-stage 4 to REM ref 34,35, 45,46 CA6S>W Change
from sl eep- Qe 2REvbjest fo\oeharked efRtder @dcserwprs Gier SITBEB ushore) zmd

CA7S>W Ch f | VWAKE 45 46
CABSW Chiﬂﬁie #%@Si?*egﬁcmg@“% Stagd( aReroans o8 §?9R%ﬁ%§4i@§ﬁ§5§§% '?‘
CA9S>W Changgtefrﬁmﬁ@ﬂr@e@sgémg@n K%lg@.tkMAKE OR 1) ref 34,35,45,46 CA1L CS>W

Change from sl eep-stage 1 to WAKE ref 34,35,45,46 30 For sinplification and
m nimal el ectrode attachnents to patient Al can be derived from existent

EEG f SSA

oo S B B TR Gl R R

detection nmay be by way of analysis froma nmattress m)verrent sensor device
th t i L . trod tt to WO

02/ 100267 PEREATGIHSTY d TeBHOLdRG ChetePEFROUTEREC 9 ST SBOu RS it o

relates to éhﬁﬁg{é'oFané"AVt@)nB)‘tTraﬁéltlbhﬁfrd?@@Ye gespest st @ﬁm@ohycnaum@%sure

or vibration sensitive sensors. STEP 19- BODY MOVE | NDEX (BM)
ANALYSI S DI 8PeAgs®R dem@re of §ncpasciogsnescigbange mbEeneAp fo mndsT@r(sﬁs’p STEP

Trans TN RNttt 0ahSebiEngh 00 Sbrabihaeeckl A AME Ao

TIM NG Thi Ssﬂét@m defdetesnihbe freingeitheg defdulbyaluegeas ederivieich flomriergpiatal
changes of t 15 weighting ratios of AEPIi and Bi for each o£ tt he zones A,
t

B, C D. forclimgalaggta (ERnhelpwhryHOR VRIUSS: 86 cderiiast RYolvarnes dheeshgldsndex
(CI Al). Fig f anal ysis associ at ed
wth wei ghfjlen%é’ﬁﬂﬁ%}%g\(,ﬂh% rﬁgﬂ'%ééﬁ%ﬂg\f@ﬁoﬁ Fig.5 are defined as
follows. 20 TF = Transfer Forrml a. The transfer formula is desi gned to

d dj d | i
B ane g i Brbiii: retepanizer of BRe s oviRd B0 OF G SaEAoropShBSlaL i n
the Vi ghti fehfitoahySdessiodl 8K sMbiAGHIFigURTRE ChaBlgs & tPBVbEIBw dE3tRibel thePs

when swit chi ng betWween
associated ADMS transition zones.

TABLE 2

20 1. Start of monitoring

2. Zone A C

3. Transition from Zone A to B------- TCU

4. Zone B U

5. Transition from Zone B to C~-----—- TSW
25 6.ZoneC U

7. Transition from Zone C to D--------- TCU

8. Zone D C

Figure 2 presents a typical AEPi and Bi versus time functions for a patient
30 undergoing general anesthesia. The Horizontal axis represents time
progressing left to right from the earliest to latest time. Note the gradual Bi
curve ascension in zone C versus the steeper ascension of AEPi in Zone C for
the Transition of patient from Unconsciousness to Consciousness. The new
ADMS system produces an ideal depth of anesthesia monitoring by



AEP, Bi or SSA analysis. 25 OS = Ofset. The Ofset is designed to provide
an of fset adjustnent between AEPi, Bi and SSAI in order to avoid |evel

j unps whewogmilowht ng between AEPI, Bi and SSA. Fig. 6 sheeg/Avoghemsdi agram
associ ated with AEP: Bl C anal ysis wei gh ng 30 arbitration (Mde 1). The
abbreviation Sin Fig.6 denotes a step. 5The system of the present invention
may al | ow timeoqxﬁatlrng a esathoy tup@p&x@ethmadvamgeMd bmigikElahdnddiiuMn'lyz with
the course of tine reavancg Dl\fe 5 Flu Lbdata The Al tem
may i ncl cdebtessalo st P grele,atrinesaiipptt o AnsSthesty, mopieMe N %koup. of
studies and via analysis of these studies allow WO 02/100267 PCT/ AU02/ 00776
95 ADMS system wei ghting and analysis priorities to change in accordance
with nore devel oped clinical data st A&NBIsE 3As detailed in the steps of
Fig.6 the ADMS system highlights to the systemuser 5 4 nmain zones of
interest, while nonitoring a pat| ent under general anesthesia,__as detailed
in Table 9 DEMBEONENE f ol | owi ngZeWeBs ar e? 9@%8 in TABNECO. DefZW&RPon of
CODE Descr i pungition Zdieres A, B, C, CD K&QU Zon¥d Rarf§¥s 10 ZorgCA Pat i ent

eﬁggisggof g@gglgmgﬁﬁ{ AusBass tF;gt D2 OMTEUO KBS HTSWakszdB ind oAt ioeh irFr) et
u i ous_s] . : e atien
Transition F# &)’Fﬁt{%ﬁ@ @?tausnessb?'gip‘ &%@gﬁgg?%gpﬁg%%%ﬁng%gEQCp %‘%ent s

exanpl €) of NADRValvesiedst fof BipeABR fos aach Phige ixmwtiomeeints 3 seriedld. B Crap @i 1 ity for
wei ghting ratios to be changed or programred by ADMS systemresearchers or
for a range of pre-configured weighting ratios 20 (MODES) to be sel ected.

TABLE 9 MODE1 MODE2 25 AEP Bi SSAI AEP Bi SSAi  Zone RATI O RATI O RATI O
RATI O RATIO RATIO A 100 O 0 80 20 O Tﬁé.‘i_é.g_o 0 20 100 O

15  Definition of CODE Description
Zones A,B,C,D Key
Zone Ranges
and Events.
Zone A C Patient in Consciousness State.
20 TCU Transition from Consciousness to Unconsciousness
Zone B U Patient in unconscious state.
Zone C U Patient in unconscious state.
TUC Patient Transition from Unconsciousness to
Consciousness
25 ZoneD C Patient in Consciousness State.
BM BMe Presence of Body Movement events (ref 34).
Ae Ae Presence.of Arousal events (ref 35)

Patient Calibrated values refers to modifying or adjusting these said transition

30 threshold values on an individual patient-by-patient basis.

The means of this Automatic Calibration method are based around measuring
the patient's Bi during the patient's first occurrence of transitioning from
Consciousness to Unconsciousness (in accordance with AEPi TCU empirical

35 data transition threshold level (refer step 7).



C 0 100 0 20 80 30 D100 O O 80 20 MODE 3 MODE 1 + N AEP Bi SSAI AEP Bi
SSAi  Zone RATI O RATI O RATI O RATI O RATIO RATIO 35 100 00 B0 5050 CO
50 50 D wO®00@6W0O 02/ 100267 PCT/ AUD2/ 00776 96 NOTE: Thecraxige/owfe MODES
may be selected in accordance with patiggnt or nedical procedure related
factors. For sinplicity a sinple MODE f configuration is presented as an
exanpl e of AfteADN&mendifri%mﬂentNranéltlodeeslncdﬁr\a‘k&m €TGUJ Age andudisplayof

Modes whi ch | ect progr. I n th Syste S EP 24
Y SCALING ARDRRARSUHIER PerdiepeRdpRotiars Mg egRoe Gren Loty
functions apepigay@ied to provide a nethod of 10 scaling inputs to the

CIAl to mnimse confusion or error associated with ADMS operation. In
particular this confusion or error can occur if the two scales and ranges

Ui tabl & t oPBEBPHSH BAE pBP Ry eI g BhEr & ane s8Rk bRy
range of AHg dat@Obeth 8eﬁi@fne§snrétorranglh@nmn@c:ohdcmsnesﬁ t@Unc@r@édtdquﬂesé
vaI ues of AEPi and as detailed in steps 14 an respective

"mat ch” the TZCld)smald&tt%Cte hY @bsstying AERINSH ansd A ﬁ@%#logwq OUQ'hélWSes
occur, the ggg,u srdmhrggmge i tggmlt;lrﬁgﬁ%nggrlfgn H54ifi6h P BGidsnasal ue

or scale re ation unctron may adj ust the
time durati Qﬂat@‘&erved"lasfa aalibration t mintofor ke ngdDMQ:)sydstengm @npdmnze Ixeteaebn

(for exanple). BlLC and AEPi. rt her mp ra s tlona lied to
bach of 8 eirHBdgal FApenti bt of AReS el Bl el S S matiars SpRaivibgg
this switch over duration or period may be 25 selected froma range or

transfer functions. However, as with the scaling factor the default
transfer fu@acedheviirst cblesomu$nesse1@rl)ncdﬁselwlsaga?%mﬁa@mtm has begn tragkedsent s

a sinplified 8 ver}/y ﬁ o S Arth aé:yts?em sa('ERLIE’A%n 'nc’ugr[\], éwofﬁ%rftférﬁgﬁloﬂgs

associ ated AN¢ R
(A to B, B to C, C to D) and monitoring Display Zones (A, B, C, D) can be

15  optimized or fine-tuned to the individual patient's sensitivity. The relationship
between AEPi and Bi at TCU is unique to each patient and can be used to

extrapolate each individual patient's TUC threshold values.

The ADMS uses the basic principal that detection of the TCU for a specific
20 patient allows all subsequent transitions and zones to be estimated with greater
sensitivity and accuracy than using empirical data solely (as with prior art DOE

systems).

General overview for CALPAT operation:
25 a) After ADMSSTART is selected the ADMS monitors patients AEPi, Bi and
SSA.
b) Empirical data values derived for typical (ref 1) conditions of TCU are
compared to actual and real-time patient's data for AEPi, Bi and SSA.
c) The weighting factor applied to each of AEP, Bi and SSA is dependent
30 on the following factors.
d) When the TCU (Transition A to B) has been identified for a specific
patient is derived.
e) The TCU transition is noted in terms of the AEPi, Bi and SSA value. The

noting of these corresponding TUC values, éllows the accurate switching and



30 STEP 25- DI SPLAY COVPREHENSI VE | NTEGRATED ADMVS | NDEX (CIAi) MODE | Cl A
basi ¢ Assunptions 1. MODE 1 presents one of the sinplest enbodi nents of the
ADVS. WO w9/02@0267 PCT/ AU02/ 00776 97 2. Table 10 bel ow s®ematiozeer7s he

wei ghting factors for zones A, B, C an ;ZD 3. The colum entitled D splay
transition includes a colum titled display offset. This value is designed
to m ni m zenmani@king rGfnAEBI dudiB1gslIU$eqaehtt tohcmangiig AfaRisitionBi (Ava Bh8 togCf r om
100: 0 to 0:100. ABL OCI I e AEP:Bi ratio Cl A Display
Trans|ationaﬂg&fﬁ DE) iSpla% (z\nguctzaﬁhoo (of fset) 10 A 100:0 X1 0 O
B 0:100 X1 ¢(76- Waen e 160 Hn3fion (K 1006) rmbloodh Wifiel] 1dr/d-REEL 13

15 NOTE: fset code | DOA I cal set applred for
zone B _ (BatlaEPomerftmnsﬂaime(sB KndZ-EFSWl and C:m&eT&hb)mthm*r bedigrived 1,

fig 5). o1 - i rical ta Ofset applied for zone C 20 = -(Bi - AEPi ) ;
for val @ngc%ﬁgsDB?"qr?ﬁ%qu@%nsci ousness period (ref 1, fig 5). |1DOD

-Enpirical Brfrivird theadubeeglésrditigos@itda ﬁo&ﬁhe'ﬁﬁﬂ_PATOF val ues at start
of second consciousness period (ref 3, fig 5))-1DOC 25 NOTE 2: Val ues at

end and st adClbstaieris ceessensiivedand rcoueaie faiUe givess patient, thay) religacer ow

Var ue 1oy B 3Ep Jehug el thedktShisdhen it En 283, (kLTSI Co

PCT/ AUOZ/ 00D14JC).
10
Sample pseudo code sample for CALPAT function (Psuedo code may be
expanded upon or deleted dependent upon whether the preferred embodiment
demands such detail).
> a) Select STARTADMS=1 % Wait till ADMSSTART button is selected
15 > b) Assign defaults TCU, TSW and TUC values from empirical data transition

thresholds (3).
TABLE 5
20 Zone Empirical Bi Empirical AEPi SSA Conditions (Ref 34, 45,
46,113)
Transition Transition-ref1 Transition-reft (ref STEP 16)
Zone A to B (TCU) 76 65 CAW>S OR CA2W>S
Zone B to C (TSW) 40 36 CA3W>S
25  Zone Cto D (TUC) 74 50 CAW>S OR CA2W>S
AEPI Bi
> Assign TCU 65 76
> Assign TUC 50 74
30 > d) Start CAP PAT procedure and determine patient specific values for TCU
and TUC.

> ¢) Read Current Patient Data value for AEPi, Bi and SSAi % read the real-
time patient data and Compare this real patient TCU data values to TCU
Empirical Data values for AEPI, Bi and SSA.I.



98 Tine DZ AEPi Bi Al BM DZTF AEPi :Bi CIAl tO=start Display ** ** * *
assune= Ratio *** t|l O=end Zone x 1 5 ref: 1 See Ref. 1 Ref. 1 ref: Step
22 See SewOotiepeB Step 23 Step 24 COL | COL 2 COL 3 COLPLTAEMO2B01TOL 6 COL
7 COL 8 COL 9 tl1 A77 85 81 79 (X1) 19@:0 77 10 t2 A 76 90 73 75 (X1)
100: 0 76 IDC(nmean) 75 90 70 65 (X1) 100:0 75 |IDTCU A 65 76 80 64 (X1)

100: 0 65 | BU(fre€oyreBt Patidnt 4BataX ARPL1ValusOCIBAERD Bor35TrensBI®N3 Srg

1)-11 0:100.31 15 t4 B 34 41 36 36 (X 1)- 100 30 5 C 35 38.36,37 (X
13-11 0: 100CSRSCIPRFREGES: 04 nggn%ﬁrowéaef# ﬂllél‘?):?l'éo 5§ ﬂage'n @M@qaalsifi é%>(§<

1)-11 O: 100Eﬁ§3irié& Saftd A@i@alﬁas(g@AEPl)lf&i FRhsibrl fohP Gons3ubheds 160 (X
1)-11 0:100 60 1DTUC 50 74 40 38 [X1) + 13 0:100 87 t9 D 60 75 50 60 (X1)
+ 13 100: 0 Baconggousmessgd CU) mude thel Currens Datm values foriBi and8BAi.pr esent ed

el at o tob IR0 R Vasslef BT BT RR ard SRR it e B LSS fanver
the sel ect edalibtate@IRsiznatiatadfos Toaesltion fronp Canecivubhesy ionUnsbnstidwsrigsedi es,
currently in progress iq%ei{erence 3 *** CIAI formula;__ (AEPI (colum 3)

. 30
X AEPi rati®r(dBl utD8C ECR &@lﬁqra@}i) Patierint datp (Tor (Wengifian4)froma;
ratio (col U@Bn?cighsﬁ%éé & YAtAHRousnBEd FOK@AP{%DJQ\,U§SQ Al Note: AEPI/Bi or

Bi / AEPi nunerat or and denom nator are taken respective 35 AEPi and Bi
rati o val ues fpAssigaluim 8 in Table 12. Fig. 8 shows a graphi cal

represent at | g’ﬂ_c‘g; Cl A, TCU & TUC val ues; Fig. 9 shows a graphical

represe1 at £ Bhbsol ute val ue of A +Bi , TCU & TUC;, 40

CPTCUSSA

> g) Transition states TSW and TUC are now derived from TCU.

Calibrated Patient data for Transition from Unconsciousness to Consciousness

for AEPi (CPTCUAEPI) will be derived from CPTCUAEPI transition state, ie.
15 CPTUCAERPI is proportional or related to CPTCUAEPI.

Note that in more complex embodiments of the ADMS more complicated
calibration of the patient's variables can be applied to provide a greater degree
of patient sensitive system calibration.

20
Once the value for CPTCUBI is established per above, CPTUCBi can be
derived (in a simple embodiment as described herein) by using the ratio derived
from empirical data being IDTUCBi/IDTCUBI.
> h) Assign value for CPTUCDbi

25 > CPTUCBI = IDTUCBI/IDTCUBi X CPTCUBI
Further embodiments can utilize a more sensitive formula based on applying
any combination of TCU, TSW and TUC derived from using patient AEPI, Bi
and SSAI data to derive TSW and TUC.

30 PATCAL and default threshold determination for TCU and TUC
The thresholds for TUC and TCU for BSAEPI and Bi can vary between patients.
The current ADMS sample embodiment assumes that the relationship between
these TCU and TUC values is able to be derived (refer step 7, ADMS sample
embodiment) from empirical data (Gajrag et al 1999) and then modified for



WO 02/ 100267 PCT/ AU02/ 00776 99 Fig. 10 shows a graphical representation of
AEPi ;  Fig. 11 shows a graphical representation of Bi; 5 Fig. 12 shows a
gr aphi calwpepnegent ati on of Ai; Fig. 13 shows a graphi calPCreyinesersat i on
of BM; Fig. 14 shows a graphical repregentation of Bi with the col our of
t he background 10 changing to indicate transition of consciousness state.
NOTE 1. Sl ebylivitieali pajiend @bygliante eyithBARGALAuaten ¢pantstgpts, APMSearaglear e

si mpl est enbodi nent s, as, |0 erat ed 1. v t he current state of
clini cal da?a‘%PPET‘eﬁti) 'EJP PV %%%ﬁm\@?}‘ﬁ@?f ?V@Neﬁ’e Wyans of

bi spectral Yalvifiag Ja‘szire'%Fe@u?éte SASRRbTGHAF t5d TEU $hadre. thidahelddnriyced
enbodi nents of the w |l provide greater definition and specifications

in rel ati onalso ey@eer aartlcubegb{dwﬁhea@"eaﬁad yahinisal defa andsexrgerlenw witim dbis

further %/ODESWII but i on
as oppos 5!t fe c%‘?WBﬁ‘%Eéhi é&ﬁc&gﬁﬁ }Z%%é{%? %‘g’gﬁg%y%. BMé | eep
stage defi nptécmtng&d?@E\Ecaraté/&Jdﬂaﬂt ahd AT @Ald murdndOTUCOV@ms;LBSAEPI ods
(TCU and TUC. respectively) and TSW (ref 3, 5) are set out below. TABLE
13 25 TranBi t$§ﬁ Airelid 9&?0@93?“@/&‘I‘Q}@mﬂ"tt1§ 6’@5‘ 7EyeTaoyemenbstatise atousdl 30
TABLE 14 Ti gﬁ,ﬁ Eﬁt DZTF AEPi : Bi tO=start Display assune=
Ratio 35t one 1 02/ 100267 PCT/ AU02/ 00776 100 ref: 1 ref:
Step ref: Step ref. Step 14 ref: Step 22 ref: Step 23 ti A 76 85 81 79 1

100: 0 'l(g)TCg_TE%éFSSCR{PS&TE%Tl?lOO:0 5t2 A7590 73 75 1 100:0

If no go to Step 7 and if yes go to Step 9.

STEP 7. SET TO ADMS DEFAULT (IMPIRICAL DATA) DISPLAY ZONE
FUNCTIONS (DDZF). (DDZA, DDZB, DDZC, DDZD)

15
Empirical data values are referenced as a means of establishing the transition

of zones A, B, C and D based on data collected from normal patients.

The empirical data values used for the purpose of this embodiment and
20 simplicity of presentation is set out in Tables 6 and 7 below (3).

TABLE 6
Zone Transition Empirical AEPi Empirical Bi SSA Conditions (Ref 34, 45, 46,
25 113)
Transition Transition
Zone A to B(TCU) 65 76 (W OR STG1) to (STG2 or
STG3)
Zone B to C(TSW) 36 40 STG2 or STG3 to 4 or REM
30  Zone Cto D(TUC) 50 74 W or STG1 to STG2 or STG3
TABLE 7
35 Zone Ranges Bi Range AEPi Range SSA Conditions ref

Zone A 100-82 100-65 W OR 8TG1



| DC(nean) 75 90 60 65 1 100:0 |IDU(mean) 40 49 43 45 1 0:100 t3 B 35 42 35
38 1 0:100 t4 B 31 41 36 36 1 0:100 10 t5 C 35 38 36 37 1 0:100 |DTSW 35
38 38 37 WORA0026DTUC 40 44 40 38 0:100 t6 C 40 52 41 38PCTRWRO07LE Fi g. 15
shows a flow chart of an inproved systeggfor nonitoring indices associated
wi th human consci ousness and incorporating artifact rejection. Fig. 16
shows a singPidB ed functi of&f0 syst emb8ver vi ew (FSO) SdB2 ar PiGBfoed F@dpr REM
enbodi nent g@bneppar at us acaowsli ng t o3sBe present i NBEEL biSTG3LASTEPRRERL US

of 20 Fig. %gj%eﬂ)s a Moni t ok ngy and Di5ﬁ_g&pstic Syst el hReQERorating a

reduced ris pth of Anaesthesia Analysis and Mnitoring System including
M ni mal Sensor-El ectrode attachnents for Consci ousness, Audi o Sensory,

Movenent |/ Y . {ng,

Stress/ Aér’lxi g@%@ﬁ‘b%%@%%@&ﬂ%&iﬁwﬁgﬁg%%s@dal Recall. 25 Fig. 17
shows a nor ¢t kias bebedeported (Gajphg &Y at ¢09DMaEYAERI Pk&FEED improved ifetéetioned
enbodi nent of apparatus_according.to the present invention. The apparatus
of Fig. 17 jofthe %@Bﬁ'ﬂo'ﬂ)fmﬂhHB%‘?W%”%&W&PBS%%Wi('EFHQ g System

i ncorporating an extended range of Sensor-El ectrode attachnents for 30
Consci ousness, Audi o Sensory, Myvenent/ Arousal/Miscle Activity, Eye
Movenent / Qpdihis gnaSthiee dae Alox BEAE R reflectBigytise Peauaale tesponsantd heliandifogual

el Ropd el o, AP B epleh B SR ol T
appar at us Ofstihhwatblﬁlvb%y&jtgewsr@émﬁaadm HehRsle AnSRBEREeSH e MEFBLigRKI 1)

connected to a signal conditioning and data acquisition system (Block 4),
an anal ysi s candoravidetaosengities measu(apbtiie aydiasensonseerved resparce2®r lack

cyst em (Bl odk oyt bR RSB B et 5aRe R e bR 8RR T o
to be recor éed. in Ganiiudr tReerssbeiatad vidHarbillbp s pichishtessf dvdiv teyaling Syst em
I ncorporates 5 drawing Figs. 16, 17, 35, 34, 43. Block 1 in Fig. 16

pr esent$dthat sensors and el ectrodes are connected to the
The "switching on" or activation of the auditory BSAEP communication paths

provides a more rapid signal change and subsequent measure of transition
state than that of BIC. BIC signal, in contrast, is a measure of overall brain
activity and can incorporate a mixture of control signals for the body. These

20 "mixture" of signals may not directly relate to the consciousness factors or
factors effecting depth of anesthesia status, such as vulnerability or risk of post-
operative memory recall.

In MODE 1 the ADMS is capable of referring to the SSA analysis and in

25 particular the patient's EEG spectral composition, to assess the progression
from one stage of unconsciousness (sleep) to a lighter stage of consciousness
(sleep). This "independent" (from BSAEP and BIS) assessment of SSA, aids
the arbitration process. Improved determination of pending onset of the TUC
transition can therefore be achieved with the ability to apply closer analysis and

30 measurement focus on the rapid increase in the BSAEP signal (as would be
expected with TUC).

Other MODES of the ADMS are capable of applying any combination of
BSAEDPI, Bi, SSA, eyelid opening and movement status, eye movement status,



pati ent body by neans of a unique integrated el ectrode system (refer Fig.
35). The latter provides use of wreless el ectrode systens and speci al

sel f - adhewDwe/10Q6®l ect rode attachnment systens to achi eve @&CriAtoxadi7y
invasive and sinple tangle-free pati enfq connection system desirable for
anaest hesi a application. EEG electrodes are for simnultaneously nonitoring
EEG physi ol agjml atalt body movepteénti statlishiasspantans odritterminingsawit@iieg prake

anal ysi s, | ectrodes S|l eep/ Wake anal ysis, Audi o Sensory

El ect r odes ‘é(PlQ tigg %WB%’%%MEEW evoked potential froma patient's
auditory sensory nerve (refer Block 11 in Fig. 18), Reference Electrodes
are for reference of electro- ph SI ol ogi cal signals, Chin EMS el ectrodes

are for aro8SBP &hd SHTecHPwABM TandMPIRIGAEaRATA)  BISPLAY Z@NEr odes
can be &ppITBANﬁITl@N/EUNﬁT@WQZiT ADZTGBARZTWISGIDZTAIC) 37 20 34, 17).
Audi o stinulation can optionally be applied by nmeans of a wireless |inked

Phe uoer 1op T Portil TCROMS CARPAT] BSPERY 2ONE EUNCTIONS (@20,

nodul ar f as{GPDZA) GPD2B, CRDZAC\CHEPZDyes of 25 conplexity and versatility.
The nost conpl ex version of the systemis configured to accommodate

noni toring and anal ysis of a broad range of physi ol ogi cal paraneters, as
deran L ob ahsre MY SEPRDNRS) BISPLAYO FOREN FRIRMUANS IH. °8, '€, BoorEnda @
critical parameters such as p- Wake' anal ysi s 46}, bl rence
anal ysi s, acmmsmmu BA&'IEN'EI BI&PIaAUusZDNsE\aI'ISRANSI'BG)NSIEQBMWkAS
anal ysi s, &gp@és%g may be applied to optimse appropriate weighting
bet ween aud d potentl al and bi-coherence analysis in determning a
subj ect's consci ousness. SUBSTI TUTE SHEET (RULE 26) WO 02/ 100267

PCT/ AU02/ 00776 102 El ectrode hi gh-i npedance anplifiers, signal

condi ti oni n§TERI1TAUSED\ARBMS ALARNM (THREGHMDS ecor di ng functions (refer

Bl ocks1 3 and 4 in Fig. 16) are provided by devices such as Conmpunedi cs
Siesta, “E-Series and Profusion software (71,72,73). The aforenenti oned

devices arep EoRaGHlicy Allérr’i'assmﬁésﬁ’dldngsmgfédéf@édﬂr Block I in Fig.
16) such as_addition of mnimally invasive wireless and integrated

function el Ebe%&zﬁﬁzﬁ eansistrof s3lgera aningseand digplay ®9tl§<aa)tlonrpfrﬁartlcular
synchroni ze 5in
Fig. 16) i sfﬂ?% ce det QMSCgQQb"@dé{Ql@EO%%@%bg@t ro éqé.rﬁ%%'ﬁ?%atl on
requi res nedi cal grade isolation, with special addi ti onal input circuitry
for el e2CC)t rO%Hé%iéA?rggnegéIp?gseaqu Fé'; rlng uetrs folnI t%erélrlg dlsplay, alarms of other
forms of user notification to assist the ADMS operation.
BMi and Ai can be used to weight or bias the CIAi towards patient

consciousness state and/or represented as separate display, alarms of other
forms of user notification to assist the ADMS operation.

25
STEP 12- AEPi ANALYSIS (ref 3, 61)

STEP 13- AEPi ANALYSIS DISPLAY OR PRINT

30 STEP 14-Bi ANALYSIS (ref 3)

Fig. 3 shows a flow chart of one form of bicoherence, real triple product and

bispectral index analysis.



protection agai nst extreme conditions of voltage as may occur with
defibrillation procedures which are possible in a critical nonitoring

envi r onmewo oefio@n7 operating theatre, being the |ikely appCiredatoz/oome
environment for the apparatus. 15 Overypew of Types of Physi ol ogi cal
Sensory Monitoring paraneters and analysis for depth of anaesthesia

appl i cat i onCOMPUIATUON: &F BIEREGT UM (B9, BIOOHERENCEC ANDHREANIRIPLE

at t achnment éﬁ@a{&pb@ty to a patient and includes a capability, with use of
i nt egrated | ess el ectrodes (refer Figs. 20 33,34,35,37) to provide
a conprehensi ve assessnent of a patient's physiological states via

noni toring and analgr is of the patient's critical sensory systens
(critical includes &voiding incidence of recall or premature anaesthesia
awakeni rg) , B(/mfZ)e=1Eé(|(rﬁ‘h)r)ﬁl((£21)r)(l’i(ﬁ+fah|der goi ng anaesthesia drug delivery.

Conpr ehensi ve assessik®nt of human sensory systens includes 25 consci ousness
(bi -coherence & Sl eep/wake. Audio sensory (AEP analysis), arousal sensory
(arousal, m.cro-arousal_and novement states), eye opening (special ECS),
anxi ety & sEPashlengih& 3%82¢9nd8 signs (Bl ood pressure, tenperature, GSR
HR and oxygero I es a nmeans of
recordi ng p? |/Z?1)§/HQ§% O?réépgﬁlg?]& @r’%&g r\%ﬁlﬁgﬁ? 6252%%\%%%5 eggﬁlé:tegeo wth tinme
synchr ot sat+epothsyket ¢ rplaluteaoquﬁbym ol ogi cal paraneters, thus providing

evi dence foy, | egal | i cati ons such.as cl ai e.relati mature
depth of an@ésfgr?e@.fjée%@a{iwe?“ﬁ? "bﬁ‘ﬁi’glloﬁ‘i"gﬁﬂﬁﬁﬁ 58%? E%'%

SUBSTI TUTE 02/ 100267 PCT/ AU02/ 00776 103 Block 5 in Fig.
16 presents @méwﬁegégn&deo can be recorded in tinme synchronisation
with the depth of anaesthesia nonitoring procedure, providing an inportant
evi dence record. .This ma articularly inportant for verifying audio
recall or oéﬁé&ﬂ@-'ﬁéé—@g—ué—&@ by subjects undergoi ng depth of anaesthesia
5 monitpging. Fig. 18 shows a main flow diagram (MFD) of the HCM system
according to a preferred enbodi nent of the present invention. Patient
physi ol ogi cal paranetlers are signal conditioned and digitised in Block 4
of Fig. 16.RTRe(*t02)+ Qi Pi(EORi(BA)BitEIHE2)are read or buffered in Block 3 of
Fig. 18. Data is storeldtin Block 3 of Fig. 18 in buffer sizes :based on
filter and anal ysi S requi rements. Data fromBlock 3 is applied to Digital
Filtering in Bl ck 40 §rowdes filtering for various

Bl o
physi ol 4bi cWhQigth((fé)}]ﬁﬁHIEsPOW% CRIECTRUM s0 17 nked to signal

Bi-coherence (BIC)

25  BIC(f1f2) = 100B(f12)
VRTP(f1£2)

ranging from 0 to 100 %
30 STEP 15- Bi ANALYSIS DISPLAY OR PRINT

STEP 16- SLEEP STAGING ANALYSIS (SSA) (34, 35, 45, 46)

Figure 4 shows one form of sleep staging analysis. Referring to Figure 4, the
35 Sleep Staging Analysis (SSA) provides two data descriptions, being the context

analysis (described below in the form of S1W>S etc) and sleep stage estimation
of a subjects (derived) EEG, EOG and EMG data (in the form of sleep stage as



validation Block 7 to provide a neans of conpensating for poor signal 15
condi tions, such as excessive mains interference noise, which may require
notch filwerieng2et 50 or 60 Hz dependi ng on the mai ns fre®aEmap2/0e776 he
country of operation of the apparatusggbData from Block 40 is also |inked
to Anal ysis Format Bl ock 8 to provide %0 specialised filtering where
si gnal s r eqderieat! from spesitsad apalysis ofdedGtandoeorralation pf BiVG apg E,%Geﬁig@ds

| i i gpal i s.coyl.d | wh | eep/
analyors | SCRbg B iSRG siors B' Grse TEMa ThRY B B
outer mal bap|dcfbgbRANSLEGIA ® RYsddlS fGratbueiBdy ! Redi® (Riticnts $§6s for EOG,

digital filtering to provide the closest possible emulation of C3 EEG
signal 25 nheahpatients|chin &t cheghkaios EVensignalsk on@ligmatively mayvele iderisedck 7,

where egch gignal. i h j : f r pot enti al
errors, aé::tr t ﬁPﬁ‘c?Smﬁe f°§8$§€%kﬁf8?§%1agﬂ§£ﬁm§§{%%§ﬁ I%tr eé"c%%g‘ﬁ‘é‘ﬁ%’ﬁ' all ows the
HCM systemto present a 30 signal validation score for each signal, so that
t he user can be pronpted_when erroneous or reljabl e, si | s . coul

adver sel y alff@dy ToreheagdsEER: elrptindessarg: %Seddg[}@rérvﬁgg?& ."‘ﬂ@%ﬁﬁ?"l"@éagHEET
(RULE 26) i WRRd i bisoy! WRPOASe TBRGE GIRLRIGS an
early war n?"ﬁ\gﬁé%@%ﬁﬁ%ﬁf’%ﬂc“ Oﬂ%ﬂ?lg@%?ﬂ?gﬁﬁcﬁmﬁﬁ oring Qng) gr@l ysis in
a depth of Z0adtstonts) Hzdbesidevnidth)hi ch ot herwi se coul d be nore vul nerable to
anbi guoys outcones of patient state determnation. 5 The foll ow ng
provides’a nore detailed overview of types of physiological paranmeters,
wei ghting affedsd A Juiph! Al QfiRN0IC a8 RRinRthef wé@%'tihg%al% amathe dror
presentation of Integrated or Combined Index to provide desired functional
out put and awhching welghting apglysisdSTER 43). t he HCM system and useful 10
apparatus for depth of anaesthesia nonitoring. The follow ng section
details how the apparatus has a capability to take sensory physi ol ogical
paranet ers Blsdpusiatg Oopiie@i ousness, audi o, arousal -novenent, eye
nnverrent-openiEr:lg, stress-anxi ety and vital signs_paraneter nd. apply 15
wei ght i Hy ahKENnfarSShy (wbemnleﬁaétaqe&mwMi de a user
friendly and risk mnimsed depth of consciousness nonitoring and anal ysi s
devi ce. ForSTeAar%e of presentation this overvi QW will procgedyk@ the order of

TYPE
CA1W>S  Change from WAKE to (sleep-stage 1 OR2 OR 3 OR 4 OR REM) ref 34,35,45,46
20 CA2W>8  Change from sleep-stage 1 to (2 OR 3 OR 4 OR REM) ref 34,35,45,46
CA3W>S Change from sleep-stage 2 to (3 OR 4 OR REM) ref 34,35,45,46
CA4W>S Change from sleep-stage 3 to (4 OR REM) ref 34,35,45,46
CASW>S Change from sleep-stage 4 to REM) ref 34,35,45,46
CABS>W Change from sleep-stage REM to (WAKE OR1 OR2 OR3 OR 4) ref 34,35,45,46
25 CA7S>W Change from sleep-stage 4 to (WAKE or 1 OR 2 OR 3) ref 34,35,45,46
CA8S>W Change from sleep-stage 3 to (WAKE OR 1 OR 2) ref 34,35,45,46
CA9S>W Change from sleep-stage 2 to (WAKE OR 1) ref 34,35,45,46
CA10S>W Change from sleep-stage 1 to WAKE ref 34,35,45,46

30 For simplification and minimal electrode attachments to patient Ai can be
derived from existent EEG forehead (B or AEP) electrodes.

STEP 17- SLEEP STAGE ANALYSIS (SSA) DISPLAY OR PRINT
35 STEP 18- BODY MOVEMENT INDEX (BMi) ANALYSIS

BM detection may be by way of analysis from a mattress movement sensor

device or other pressure or movement sensitive sensors/electrodes attached to



physi ol ogi cal paraneters set out above. 20 The apparatus is capabl e of
noni toring el ectroencephal ographi ¢ physiol ogi cal parameters to provide
neur ol ogiwalozheizet anal ysis for optimsed bi-spectral an&cysiw2penrs ent
state and optim sed R&K sl eep-wake patignt states. The physi ol ogical
paranmeters for bi-spectrumvalues are the outer nal bar EEG el ectrode
connect i onsthe patientp &etestionsoff Bodh dbalenogret (BM) relates &b aophysicatB@verhent

mastoi d refe onnect i G signal s ar sed..in Block 10 of
Fro. 18 whoPbioRoRhaug: s Bekicteby g prisam .l YEBSHVE SERRTSor oduct s
are derived. 30 In accordance with enpirical clinical data results
(initially set with factory default values) the V\Blgﬁl ng for colum | of
tabl e DCTT BilTd&RA9sBONIMNQYEMENDINDEX(BMRIANALYSISBUSPLAYIORPRINT100,
where t bi - spectrum val ues refer to between above nentioned bi-coherence
and triple product and bi-spectral index SUBSTITUTE SHEET (RULE 26) WO
02/ 100267 PSTEMO6!. ARU(@SAILQNUE)QQM)Q.(NALYNSW)H cal clinical data results
calculate and determne these O to 100 values. Colum 2 of table DCTT
presents Consci ousness To Unconsciousness 5 Transition Threshol ds (CTUT)
Negative Sl LA hr eshol d

val ues of the |:l']-czi)pec U%IA\EEBI. ue ngﬁﬂaﬁéggséeﬁ/l\gggAVbﬁugg% 1 to 100

(bi -spectrumval ue is det erm ned from bi-coherence, triple product and

optimsatio i ults). 10 Colum 3
of tabl Mé@eﬁf@@?ﬁ@ﬁ%&w@‘ E@@@Pﬁ&&%@f’g ) Transition
Threshol ds (UCTCT) Negative Sl ope, for the BIC or -spectrum val ues
critical threshold val ues of the bi-spectrum val ue nor mal i sed bet ween

val ues of 1S{l&EPL28- SEK@%NALP(@ISiABB&'RMIl@NaWEIGHﬂ' ING: ANR RBMING om bi -
coherence, triple product and optim sation of these paraneters with
enpirical 15 data results). An object of the HCM systemis to distinguish

bet ween t heThig afep HefiesPtheC ARIFHIPYSRADS fogethes URET s &F chaifgey i GFatheer sa
and to apply .critical threshold detection and wei ghting values to the

anal ysi¥h daigightindaietios ®iAd="ivanchBi fer eachneh memneSrA,t% ¢ Rafprihe AdPPar at us
tim f th t
educe 11 skoognEheEy Rinlédad it J AeghRa RARIEIE 270N (ored

patient. "Positive" and "negative" as used in this context has simlar

i h h h
meani ng t rwgg 8u§hc§wsls b?oc%ugeagram of an overview of analysis associated with

weighting index. The abbreviations TF and OS in Fig.5 are defined as follows.

20 TF = Transfer Formula. The transfer formula is designed to provide an
adjustment or normalization of index values in order to allow all analysis input
data to be comparable and allow cross-selection within the Weighting Analysis
Block without mismatching or obvious level jumps, when switching between
AEP, Bi or SSA analysis.

25 OS = Offset. The Offset is designed to provide an offset adjustment between
AEPI, Bi and SSAI in order to avoid level jumps when switching between AEPI,
Bi and SSA.

Fig. 6 shows a flow diagram associated with AEP:BIC analysis weighting
30 arbitration (Mode 1). The abbreviation S in Fig.6 denotes a step.

The system of the present invention may allow the user to readily upgrade the

system's logic and accuracy with the course of time and more advanced ADMS

clinical data. The ADMS system may include a self-learning capability to

evaluate any selected group of studies and via analysis of these studies allow



Colum 4 of table DCTT presents the weighting values which are applied to
25 optim sed bi-spectral analysis (0-100 normalised values) to anplify the
critical weareaonb7t he di splay graph for bi-spectrum di spl gTaxid2aése to
achieve a visual affect so that all sg@sory di spl ays (consci ousness,

audi o, arousal -novenent, eye novenent-opening, stress-anxiety and vital

si gns) appeADMS® systarnsweighting @ndgaealysis priositieste rchalinigesiensamoydamee withbi ned
sensory index's are operating 30 with optimal zone systemthe user has a

si npl e vi su%]or‘éldﬂfﬁ'r?&‘?ﬁ %‘P'c\?gfi?@u%u‘%'ﬁﬁaph di spl ays. These wei ghting factors
are indicated as sanple factory default values, but this is only

i ndicative as the neans of systemto wei ﬁ/thgﬁ t hese Bar aneters is achieved

by al | owi ngAstgetailgshindhessters pEFigdtiine AQMaysiphy bigelights Jo thg sysiem user

t echni ques jn¢l udi any. f .ne : e r r .
SUBSTI TOTE 1) %%%Ogﬁtg’%’gw'%o'@%%@%@%%%r%%bgraﬁ)ear?%égﬁséa'
storage devis§eetdileddACTablié 9 RIGWOT hes fslloWwde] codes 8re asestemsT auid 9.
configuration, Alignment of critical _thresholds and optinmal working area is
an obj ect oPetHENoE Hom sySPBR as tRESURIGP has a unconplicated method of
ensuring thadénesepBo@mirati gy and del i very of anaesthetic agent does not
cause the displ tering of the depth of anaesthesia nonitor to nove
out si de thet%%t%%n%?grgr ea of operation, Furthernore the display graphs
associ atbd 4P each sensofFy par aneP@entARFreMETAR ARG ESIEX change
colour to say, green when operating Ubfconsdidusimesshe opti nmal area and orange
when operat%}% utside thejoptimal apga..if Q% Ongefoggg{age. In a busy and
stressful operating theatre these operapl_ona and user aspects nay nmake a
subst ant i al Zef1efG er ence to Fhe useabi PRiiept ipEnqoRgcionpsigieat us. The 15

appar at us neyhelDYPr ove accupat e assespaRit TrédsitoAafrém Whcavaclozasssadt r at i on of ,

anaest ic drug adm nistration duri egqsg%lﬁ)stngssof anaest hesi a nonitoring.
Col um of table DCIT presents Unconsciousness To Consci ousness

Transition Threshol ds (UCTCT) Positive Slope, for the BIC or bi-spectrum
20 values critjcal threshold val ue he bj -spectrum val-ue lised
bet ween val t@éfeog Erqsﬁn?ﬁ)éaxemgqseOﬁiAmgcm%Svgfﬁgef 108et (Mgfmﬁ%
bi - coher encgrovidd '@'c%pﬂbmﬂpA%r deyHIPY ]fﬂtﬁx%t {PDOLhAhGSE dPapdERaRRfedVpbyh

enpirical data results). n exanpl e of bi-spectrum val ues and wei ghting in
accor dance ADMS tsystemokesearshess &irifer o mnaa of aia-genbgessi weightiagpradiosnt ed

in tabl D({” l.e bi-spectrumdata), columm 7 (weighting or
transl afol on 9%%@p ?igélg‘n"{%g t he bi -

TABLE 9
MODE 1 MODE 2
25 AEP  Bi SSAi AEP Bi SSAi
Zone RATIO RATIO RATIO RATIO RATIO RATIO
A 100 0 0 80 20
B 0 100 0 20 100 0
C 0 100 0 20 80
30 b 100 0 0 80 20
MODE 3 MODE 1 +N
AEP  Bi SSAi AEP Bi SSAi
Zone RATIO RATIO RATIO RATIO RATIO RATIO
35 100 0 0
B 0 50 50
C 0 50 50

D 100 0 0



spectrum val ues), colum 8 (un-nornalised bi-spectrumvalues) and colum 9
(bi-spectrum val ues normal i sed between 1 and 100). 30 In the systenis

m ni nrum awo opnaf2er red configuration (for reasons of sinpliPCTta02/06776i ngl e
pair of EEG el ectrodes attached to a sygect's forehead (A, A2 outer

mal bar bone skin surface positions) is nonitored and anal ysed to produce a
bi - spect r aNQTtekh¢ dange aifi MOLRES b‘nayc(bleesaiﬁcfedalﬁaaqmrdain@mdvml patienigrect ed

to SUBSTI TUTE. SHEET LE 26 10026 (00776 _ 107 tral
anal ysis wi m?%m' ePET® é%?eé?@alf\f/fpt Fﬂﬂsque ofo %’fbh%ﬁ)fe AP0 ﬁﬂ%ﬁ

sl eep st at echagRitafioh F&tpresémedbad an xariplePoP BhsROMS @hatbodi@eat.i NSk 1
Conprom sed el ectrode | ocations refer to applying forehead Al and A2 outer

mal bar el ecMasige r@@ﬁﬁ&ﬂ“@ﬁwsaaﬁrgﬁpbb@ﬂhgf tMedes i Whichy reewnber ge e@teéﬂ‘ Qr
Princi plges ICI ne - Kryger Roth and Denent Roth)
i nst ead %f Eﬁoﬁ}gm@@mt‘gﬁé&ﬁ@é peC| al i sed scal p el ectrode
application). The apparatus has a capabl lity to present reports and

anal ysis display and reports i tabul ar or graphic
form or SB'E%%\HS&A'F AND Tﬁ‘“—‘@ﬁoﬁ{ égﬁgﬂa etailing raw or basic
physi ol ogi cal data. In this way expedient and effective validation

of condensed raw data results is.accessible to the user. Furthernore

gr aphi c andTber&d:ehts@damtjesahdyr@sﬁ'[msfupcﬁmﬁsjareadaﬁ'gned(btfo praxied anneathodr of
integrajlng various co 'n I consci gusness in n:Di or.d

var | abi 8 " stnsahRyEORengClAIE rBniie tariSaE oL enet Aysnriac, o s

i nputs) . | nopBtatioWan tdéﬁ.daw trrsaéoﬁfu@ma@ﬂ birby ch dreiPifiheotweessaléd and
consci ousness i ndex includ |%%ador exanpl e bi-spectral anal ysis conbi ned

with audi orangsiscef Btieand Al ﬁqryecagnple)r aigsart eprapgtible, ebimeriada Jprmat

comi nat | onguiole P MES 8 d8ai TP RAIORORI 0 20 Note 1 any

conbination of 1, 2, 3, 4 and 5 can be uti |ized for display purposes. Note
2: 1, 2 34, 5 and 6 represent anal puts for, Bl C, AEP, Arou Eye
openi ng 15304 Sealigremd range afy AR %’T éﬁépoﬁsm@m %

e o My 8 o Gy g g
nor mal i zat i easpedfiveayBOTIMAICE" BHEE'Ee()EwIEerqus so that when weighting or switch
changes occur, the CIAi does not have a sudden jump or confusing change in
value or scale representation.
20
The switch transition function may adjust the time duration over which any
switch or weighting change occurs between (for example) BICi and AEPI.
Furthermore the transfer function applied to each of the respective data inputs
(BICi and AEPI, for example) during this switch over duration or period may be
25 selected from a range or transfer functions. However, as with the scaling factor

the default transfer function will be X1 (linear).

The diagram shown in Fig. 7 presents a simplified overview of scaling factor
and transition curve functions associated with the ADMS.

30
STEP 25- DISPLAY COMPREHENSIVE INTEGRATED ADMS INDEX (CIAi)

MODE 1 CIAi basic Assumptions
1. MODE 1 presents one of the simplest embodiments of the ADMS.
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OOO EEEEEEEEEEEEa aacan n a U Ca) mO. NEgj] awoO
NadOOOOOOOOOCDOC LO LO"coW30.. ] OLMMMMMCco co MN
NNNU OR. mrawammumw b’ummarﬁzés theweighkting fAckors forzéngs A B5C@rnd DO O ) -
1- t F. O
g ?he column en? t)lec? Display Frans@on includes a column titled display offset.
This value is designed to minimize level changes during the switching of AEPi:
Bi weighting from 100:0 to 0:100.
5
TABLE 10
ClAi Display Zone AEP:Bi ratio CIA Display Translation formula IDO
Transfer function IDO (offset)
10 A 100:0 X1 0 0
B 0:100 X1 -(76-65) -11
C 0:100 X! -(76-65) -11
D 100:0 X! (74-50)-11 13

15 NOTE: 1 Offset code
IDOA AEPi
IDOB -Empirical Data Offset applied for zone B
= -(Bi-AEPi); for values end of first consciousness period (ref 1, fig 5).
IDOC -Empirical Data Offset applied for zone C
20 = -(Bi-AEPi); for values at end of first consciousness period (ref 1, fig 5).
IDOD -Empirical Data Offset applied for zone D
= (Bi-AEPi; for values at start of second conscioushess period
(ref 3, fig 5))-IDOC

25 NOTE 2: Values at end and start of conscious periods (TCU and TUC
respectively) and TSW (ref3, fig 5) are set out below.

TABLE 11
30  Transition AEPi Value Bi Value
TCU 65 76
TSW 36 40
TUC 50 74

35 TABLE 12
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a) d O0O0OO00O00D0DODOOOOWO mMmC/) NOOOCOCOOOOOOCO CO
O0O0O30 CbCcCcL MCYY) MNMMMMC/I NNOCC) Loa- 2 M w@o0O00O
0 00O OWOR1M67666 MO mo C) w 0O z C9 a) W++ + arTwum@am776N N N D
WW.0 caa) (ama) c~ CL CL o Cu- ppgpeMa E Lu O3 n yLLLLLL2Z E + wJ
to Ny Oto | JcomfnChfnca ZYYYYYo o WW-p-pwwwrno
a QClsCs coTi®gcas?U?wRd_o ABRI _BL 7 fi- OBMi - BZTRl mmQOMRB>>>> 8Bio Y Y
D1-ai aacm0OOOOOO0O0O0O0OO0OO0OOWWON 0Oo0 LLLE wO
Q2 2vwwww2m Q n BM\AWI\MMMW\I\MMMAM\CO cncnrrhggume N CO f,i#0 CO 1--«CC 0) O
N CO It ) OnrrPTT T %I_?FDJOZCZ J L co
C CO SL%BS :i[iié SHEE fRULE 262& WO 02/ 100267 fS /[ AUO2/ 00776
See Ref. 1 ref: Step 22 See
Step 8 Step 23 Step
24
COL1 COL2 COL3 COL4 COL5 COL6 COL7 COL 8 COoL9
t1 A 77 85 81 79 (X1) 100:0 77
10 A 76 90 73 75 (x1) 100:0 76
IDC(mean) 75 90 70 65 (X1) 100:0 75
IDTCU A 65 76 80 64 (X1) 100:0 65
IDU(mean) 37 49 43 45 (X 1)-11 0:100 38
13 B 35 42 35 38 X 1)-11 0:100 31
15 u B 34 41 36 36 (X 1)-11 0:100 30
t5 c 35 38 36 37 X 1)-11 0:100 27
IDTSW 36 40 38 37 (X 1)-11 0:100 29
t6 c 40 52 41 38 X 1)-11 0:100 41
t7 c 40 62 42 39 X 1)-11 0:100 51
20 8 c .39 71 43 40 (X 1)-11 0:100 60
IDTUC 50 74 40 38 (X1)+13 0:100 87
t9 . D 60 75 50 60 (X1) +13 100:0 88
t10 D 77 80 77 75 (X1) +13 100:0 93
25 * Data presented for sample only
* *The ID values present some ambiguity, particularly in relation to IDTCU, 1DC
(mean), IDU (mean), IDTSW and IDTUC values. However the selected ID
values are designed for update with clinical data studies, currently in progress
(Reference 3).
30 *** ClAi formula;
(AEPI (column 3) X AEPi ratio (column 8 AEPI ratio value)) + (cont'd)
(Bi (column 4) X Bi ratio (column 8 Bi ratio value)) + DZTF (Column 7) = CIAi
Note: AEPI/Bi or Bi/AEPi numerator and denominator are taken from respective
35 AEPi and Bi ratio values per column 8 in Table 12.

40

Fig. 8 shows a graphical representation of CIAi,TCU & TUC values;

Fig. 9 shows a graphical representation of absolute value of Ai+Bi, TCU & TUC;
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Fig. 11 shows a graphical representation of Bi;
5 Fig. 12 shows a graphical representation of Ai;
Fig. 13 shows a graphical representation of BMi;

Fig. 14 shows a graphical representation of Bi with the colour of the background

10  changing to indicate transition of consciousness state.

NOTE 1. Sleep Staging Analysis Step 16 and Analysis Weighting Step 23 are
simplest embodiments as operated in MODE 1. However, the current state of
clinical data (ref 11) provides only a slight correlation between bispectral values .
15 of EEG and conventional sleep staging. More advanced embodiments of the
ADMS will provide greater definition and specifications in relation to spectral
based sleep analysis (ref 3, 8, 9, 11). These further MODES will, in particular,
deploy modified frequency distribution as opposed to the conventional

frequency and amplitude analysis for sleep stage definition.

20
NOTE 2: Values at end and start of conscious periods (TCU and TUC
respectively) and TSW (ref3, fig 5) are set out below.
TABLE 13
25
Transition AEPi Value Bi Value
TCU 65 76
TSW 36 40
TUC 50 74
30
TABLE 14
Time Dz AEPi  Bi Ai BMi  DZTF AEPI:B
t0=start Display * * assume= Ratio
35 t10=end Zone X1
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t3 B 35 42 35 38 1 0:100
t4 B 31 41 36 36 1 0:100
10 5 c 35 38 36 37 1 0:100
IDTSW 35 38 38 37 0:100
IDTUC 40 44 40 38 0:100
t6 c 40 52 41 38 1 0:100

15  Fig.15 shows a flow chart of an improved system for monitoring indices

associated with human consciousness and incorporating artifact rejection.

Fig. 16 shows a simplified functional system overview (FSO) of a preferred
embodiment of apparatus according to the present invention. The apparatus of

20 Fig. 16 is a Monitoring and Diagnostic System incorporating a reduced risk
'Depth of Anaesthesia Analysis and Monitoring System, including Minimal
Sensor-Electrode attachments for Consciousness, Audio Sensory, Movement/
Arousal/Muscle Activity, Eye Movement/Opening, Stress/Anxiety/Vital Signs
Parameters, and Audio-Visual Recall.

25
Fig. 17 shows a more detailed functional system overview (MDFSO) of a
preferred embodiment of apparatus according to the present invention. The
apparatus of Fig. 17 is a Depth of Anaesthesia Analysis and Monitoring System,
incorporating an extended range of Sensor-Electrode attachments for

30 Consciousness, Audio Sensory, Movement/Arousal/Muscle Activity, Eye
Movement/Opening, Stress/Anxiety/Vital Signs Parameters, and Audio-Visual
Recall, audio, video, PTT, activity sensor, blood pressure, oximeter, body and

head wireless electrode modules.

35 Referring to Fig. 16, the apparatus of the HCM system includes a electrode-
sensor system (Block 1) connected to a signal conditioning and data acquisition

system (Block 4), an analysis and monitoring system (Block 3) and a user
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provides means for time stamped video and audio to be recorded.

General Overview of Human Consciousness Monitoring System Incorporates
drawing Figs. 16, 17, 35, 34, 43.

Block 1 in Fig. 16 presents that sensors and electrodes are connected to the
patient body by means of a unique integrated electrode system (refer Fig. 35).
The latter provides use of wireless electrode systems and special self-adhesive
electrode attachment systems to achieve a minimally invasive and simple
tangle-free patient connection system, desirable for anaesthesia application.

EEG electrodes are for simultaneously monitoring EEG physiological data for
optimised bi-spectral and optimised Sleep/Wake analysis, EOG electrodes are
for Sleep/Wake analysis, Audio Sensory Electrodes are for monitoring auditory
evoked potential from a patient’s auditory sensory nerve (refer Block 11 in Fig.
18), Reference Electrodes are for reference of electro-physiological signals,
Chin EMG electrodes are for arousal and sleep/wake analysis and redundant or
backup electrodes can be applied with various embodiments (refer Figs. 35, 37,
34, 17). Audio stimulation can optionally be applied by means of a wireless

linked patient earpiece, to minimise wiring.

The apparatus may be configured by the user for different modes of operation
and furthermore is designed in a modular fashion to allow varying degrees of
complexity and versatility. The most complex version of the system is
configured to accommodate monitoring and analysis of a broad range of
physiological parameters, as detailed above, while more basic versions can be
configured to accommodate critical parameters such as “sleep-wake” analysis
(34,45,46), bi-coherence analysis, audio evoked potential and arousal analysis.
“Sleep-wake” analysis, for example, may be applied to optimise appropriate
weighting between audio evoked potential and bi-coherence analysis in

determining a subject’s consciousness.
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monitoring and recording functions (refer Blocks 2, 3 and 4 in Fig. 16) are
provided by devices such as Compumedics Siesta, E-Series and Profusion
software (71,72,73). The aforementioned devices are supplemented with
5 specialized sensors (refer Block 1 in Fig. 16) such as addition of minimally
invasive wireless and integrated function electrode and sensor systems (refer
Figs. 35,34). Time synchronized audio-visual capability of the apparatus (refer
Block 5 in Fig. 16) is further detailed in Fig.43.

10 Basic electrode amplification requires medical grade isolation, with special
additional input circuitry for electrosurgery protection and RF input filtering for
protection against extreme conditions of voltage as may occur with defibrillation
procedures which are possiblé in a critical monitoring environment of an
operating theatre, being the likely application environment for the apparatus.

15
Overview of Types of Physiological Sensory Monitoring parameters and
analysis for depth of anaesthesia application and usefulness.

The apparatus provides electrode-sensor attachment capability to a patient and
includes a capability, with use of integrated and wireless electrodes (refer Figs.

20 33,34,35,37) to provide a comprehensive assessment of a patient's
physiological states via monitoring and analysis of the patient’s critical sensory
systems (critical includes avoiding incidence of recall or premature anaesthesia
awakening), while the patient is undergoing anaesthesia drug delivery.
Comprehensive assessment of human sensory systems includes

25 consciousness (bi-coherence & Sleep/wake. Audio sensory (AEP analysis),
arousal sensory (arousal, micro-arousal and movement states), eye opening
(special EOS), anxiety & stress state and vital signs (Blood pressure,
temperature, GSR, HR and oxygen saturation). Furthermore the apparatus
provides a means of recording patient and operating environment audio and

30 video with time synchronisation link to patient physiological parameters, thus
providing evidence for legal implications such as claims made relating to

premature depth of anaesthesia wakening or for physiological recall purposes.
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Block 5 in Fig. 16 presents that audio and video can be recorded in time
synchronisation with the depth of anaesthesia monitoring procedure, providing
an important evidence record. This may be particularly important for verifying
audio recall or other type of claims by subjects undergoing depth of anaesthesia

monitoring.

Fig. 18 shows a main flow diagram (MFD) of the HCM system according to a
preferred embodiment of the present invention. Patient physiological
parameters are signal conditioned and digitised in Block 4 of Fig. 16. The
digitised signals are read or buffered in Block 3 of Fig. 18. Data is stored in
Block 3 of Fig. 18 in buffer sizes:based on filter and analysis requirements.
Data from Block 3 is applied to Digital Filtering in Block 40. Block 40 provides
filtering for various physiological data channels. Block 40 is also linked to signal
validation Block 7 to provide a means of compensating for poor signal
conditions, such as excessive mains interference noise, which may require
notch filtering at 50 or 60 Hz depending on the mains frequency in the country

of operation of the apparatus.

Data from Block 40 is also linked to Analysis Format Block 8 to provide
specialised filtering where signals required for analysis may need to be
substituted by selected alternative signals. This could occur, for example,
where Sleep/Wake analysis is required and no C3 electrode scalp signal is
available but outer malbar forehead signals may instead need to be optimised
with digital filtering to provide the closest possible emulation of C3 EEG signal

format.

Filtered signals from Block 40 are validated in Block 7, where each signal is
characterised and checked for a range of potential errors, artefact and
corruption. The validation of each signal allows the HCM system to present a
signal validation score for each signal, so that the user can be prompted when
erroneous or unreliable signals could adversely affect the systems output state

determination.
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This type of method provides an early warning and error reduction for critical
monitoring and analysis in a depth of anaesthesia system, which otherwise
could be more vulnerable to ambiguous outcomes of patient state

determination.

The following provides a more detailed overview of types of physiological
parameters, weighting and data translation and combining of analysed
parameters for presentation of Integrated or Combined Index to provide desired
functional output and achieve useful application of the HCM system and useful
apparatus for depth of anaesthesia monitoring.

The following section details how the apparatus has a capability to take sensory
physiological parameters including consciousness, audio, arousal-movement,
eye movement-opening, stress-anxiety and vital signs parameters, and. apply
weighting and combining techniques to these parameters to provide a user
friendly and risk minimised depth of consciousness monitoring and analysis
device. For ease of presentation this overview will proceed in the order of

physiological parameters set out above.

The apparatus is capable of monitoring electroencephalographic physiological
parameters to provide neurological based analysis for optimised bi-spectral
analysis patient state and optimised R&K sleep-wake patient states. The
physiological parameters for bi-spectrum values are the outer malbar EEG
electrode connections to the patient’s forehead together with A1 or A2 EEG

mastoid reference connections.

EEG signals are analysed in Block 10 of Fig. 18 whereupon the bi-spectrum, bi-
coherence and real triple products are derived.

In accordance with empirical clinical data results (initially set with factory default
values) the weighting for column 1 of table DCTT presents bands of bi-spectrum
values between value 0 and 100, where the bi-spectrum values refer to
between above mentioned bi-coherence and triple product and bi-spectral index
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100 values.

Column 2 of table DCTT presents Consciousness To Unconsciousness
5 Transition Thresholds (CTUT) Negative Slope, for the BIC or bi-spectrum
values critical threshold values of the bi-spectrum value normalised between
values of 1 to 100 (bi-spectrum value is determined from bi-coherence, triple

product and optimisation of these parameters with empirical data results).

10 Column 3 of table DCTT presents Unconsciousness To Consciousness
Transition Thresholds (UCTCT) Negative Slope, for the BIC or bi-spectrum
values critical threshold values of the bi-spectrum value normalised between
values of 1 to 100 (where the bi-spectrum value is determined from bi-
coherence, triple product and optimisation of these parameters with empirical

15 data results). An object of the HCM system is to distinguish between the
transition of consciousness to unconsciousness and visa versa and to apply
critical threshold detection and weighting values to the analysis data in
accordance with the fransition. In this way the apparatus optimises visual
display tracking of a subject's depth of anaesthesia to reduce risk of

20 interpretation of state determination of a monitored patient. “Positive” and
“negative” as used in this context has similar meaning throughout this

document.

Column 4 of table DCTT presents the weighting values which are applied to
25 optimised bi-spectral analysis (0-100 normalised values) to amplify the critical
area of the display graph for bi-spectrum display and also to achieve a visual
affect so that all sensory displays (consciousness, audio, arousal-movement,
eye movement-opening, stress-anxiety and vital signs) appear to be visually
aligned so that when all sensory and combined sensory index’s are operating
30 with optimal zone system the user has a simple visual alignment of various
graph displays. These weighting factors are indicated as sample factory default
values, but this is only indicative as the means of system to weight these
parameters is achieved by allowing the apparatus to be modified and upgraded

by various techniques including any form of network access, smart card or other
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configuration.

Alignment of critical thresholds and optimal working area is an object of the
5 HCM system, as the user has a uncomplicated method of ensuring that
concentration and delivery of anaesthetic agent does not cause the display
metering of the depth of anaesthesia monitor to move outside the optimal area
of operation. Furthermore the display graphs associated with each sensory
parameter and the combined index change colour to say, green when operating
10  within the optimal area and orange when operating outside the optimal area, for

example.

In a busy and stressful operating theatre these operational and user aspects

may make a substantial difference to the useability of the apparatus. The
15 apparatus may improve accurate assessment of rate of and concentration of,

anaesthetic drug administration during depth of anaesthesia monitoring.

Column 5 of table DCTT presents Unconsciousness To Consciousness
Transition Thresholds (UCTCT) Positive Slope, for the BIC or bi-spectrum
20 values critical threshold values of the bi-spectrum value normalised between
values of 1 to 100 (where bi-spectrum value is determined from bi-coherence,
triple product and optimisation of these parameters with empirical data results).

An example of bi-spectrum values and weighting in accordance with the above
25 detailed formats and processing are presented in table DCTT column 6 (sample
bi-spectrum data), column 7 (weighting or translation values applied to the bi-
spectrum values), column 8 (un-normalised bi-spectrum values) and column 9

(bi-spectrum values normalised between 1 and 100).

30 In the system’s minimum and preferred configuration (for reasons of simplicity)
a single pair of EEG electrodes attached to a subject’s forehead (A1, A2 outer
malbar bone skin surface positions) is monitored and analysed to produce a bi-
spectral index (derivation of bi-coherence analysis) and also subjected to

SUBSTITUTE SHEET (RULE 26)
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sleep state based on R&K rules but with compromised signal locations.
Compromised electrode locations refer to applying forehead A1 and A2 outer
malbar electrode positions as opposed to the clinical standard. (refer Principles
and Practice of Sleep Medicine - Kryger Roth and Dement Roth) instead of the
typical A3 (requires specialised scalp electrode application).

The apparatus has a capability to present reports and analysis display and
reports in a simple condensed tabular or graphic form, or more detailed reports

-and displays-detailing raw or basic physiological data. In this way expedient

and effective validation of condensed raw data results is-accessible to the user.
Furthermore graphic and condensed display graphs provide a means of
combining or integrating various combinations of consciousness input
monitoring variables (including one or more of the various sensory monitored
inputs). In this way the user has a capability of combining sets of
consciousness index including for example bi-spectral analysis combined with
audio-evoked potential analysis, arousal analysis combined with bi-spectral and
audio evoked potential analysis, amongst other combinations of analysis and

subsequent index measures.

Note 1: Any combination of 1, 2, 3, 4 and 5 can be utilized for display purposes.
Note 2: 1, 2, 3 4, 5 and 6 represent analysis outputs for BIC, AEP, Arousal,

Eye opening and movement, anxiety and sleep-unconsciousness/wake-

consciousness respectively.

Note 3: A, B, C, D, E represents analysis data after critical threshold detection,

Display data translation and display normalization.
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ADJO NI NG PATENT APPLI CATI ON The HCM1system utilises a range of different
paraneters, which allow the user 5 to establish a |ibrary or range of
patient input variables, a range of different secondary analysis and a
range of different weighting and summary tertiary analysis as the neans to
determ ne the depth of anaesthesia for a particular subject. The foll ow ng
studi es denonstrate that the use of a sinple or single dinension or
nmeasure for depth of anaesthesia, while desirable, is not practical 10
with such a conpl ex physiol ogical state and change of state: 1. Barr G
Ander son RE, S@nyelsson S, GMaII A, Jakobsson JG described in British
Jour nal of Anags&he5|a June 2000, PM D: 10895750, Ul: 20354305 15 "Fent anyl
and mi dazol am &ndest hesi a fof coronary bypass surgery: a clinical study of
bi - spectral el ectroencephal ogram anal ysi s, drug concentrati ons and

recall.” In thMSESEudy, Barr and col | eagues describe: "Bi-spectral index
(BI'S) was aSSQ§§é@ & a nonftor of depth of anaesthesia during fentanyl
and mi dazol am %afia@stdesi a fBr coronary bypass surgery." "BIS decreased

during anaesthesia, 20 but varied considerably during surgery (range 36-91)
with eight patie8its having values > 60. Mdazolam and fentanyl drug
concentratlons>dEdEnot correbate with BIS. No patient reported explicit or
inplicit recal IE E%rumg climhcal |y adequate anaesthesia w th ni dazol am and
fentanyl BIS v&r% con5|deﬁébly The nost |ikely reason is that BIS is
not an accurateg neasure of the depth of anaesthesia
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25 when using this conbination of agents."” 2. Schraag S, Bothner U, Gajraj
R, Kenny G\, Ceorgieff M described in Anesth Analg Apr 2000, PM D
10553858, wOI02/1226019286 " The performance of 30 el ectroenceplaalageani’c

bi -spectral index and auditory evoked2potential index to predict |oss of
consci ousness during propofol infusion.” In this study, Schraag and
col | eagues describe: "The bi-spectral index (BI'S) of the

el ectroencephal ogram and nmiddl e | atency auditory evoked potentials are

i kely candidates to nmeasure the |evel of unconsciousness and, thus, may

i mprove SUBSTI TUTE SHEET (RULE 26) WO 02/ 100267 PCT/ AU02/ 00776 122 the

early recovery profile." "The eephal ogram Bl S and the auditory
evoked potential index (AEPH 1ozt | deriu e of=t-Be=1or phol ogy
of the auditory evoked potenti 0 wer ¢ ecor ded MRS neously in
all patients during repeatgd hn o ¢opsgijousnesgs|tp
unconsci ousness.” 5 "W con DO he BI 5 and |AEP [ate| rel i abl e
means for nonitoring the | DN usness duriing pr opof
i nfusi on. However, AEPi pro 21 e |discr| m natjony|ppwer in the
i ndi vi dual patient. | MPLI CAL bij- spectrial| i|jndex pf| the
el ectroencephal ogram and th Y potentilal|s [i ndex| af e good
predi ctors of the |evel of ) Ngonsci egs |dur | ng propof ol
i nfusi on. However, the audi nt{i al § x (ofif ers petter
di scrim natory power in des t I i n tthe ¢opscious to
t he unconscious state in th pent | 5|/Gjral RJ, Doi M
Mant zari dis H, Kenny GN, de Br h|J¢ f | Anaesthesia May
1999, PM D: 10536541, U : 2p0 JLonp on ( pect/ral | HEG anal ysi s
and audi tory evoked potenti gl rBoni t g |d¢ anaest hesi a during
propof ol anaesthegia." In thi ¥ 2 & ¢ eq |descej be: "W
have conpared theaﬂudltory ev et en i ndé I 1 DB and
bi - spectral index>j(BI'S) for|m g af egi g
spont aneousl y bredt hi ng suri 1§ engs. g The e gl ues of
AEP I ndex were significant]y|® r(%@pé e al UEI ng
unconsci ousness dut this was nof The ca Q increased gradual |y
during energence ”#ron1anaesthe§ia and| m har ¢ able to predict
recovery of 25 colsci ousnespg at| tlhe end naej AEPI ndex was nore
able to detect ©
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the transition from unconsciousness to consciousness.” 4. Gajraj RJ, Doi
M Mantzaridis H Kenny G\, described in Br J Anaesth Jan 30 1998, PM D:
9505777, WD.02481266676 " Anal ysis of the EEG bi spectrum audcrorgn2evoked
potentials and the EEG power spectrurmturing repeated transitions from
consci ousness to unconsciousness."” In this study, Gajraj & coll eagues
descri be: "W have conpared the audi APPENDREd potential (AEP) index (a
nunerical index derived fromthe AEP), 95% spectral edge frequency (SEF),
SUBSTI TUTE SHEET (RULE 26) WD 02/100267 PCT/ AU02/ 00776 123 nedi an

frequency (KEFERENCES ADJOIRIGPATENTAPPLICATIONNY al ternating periods

of consciousness and unconsci ousness produced by target-controlled
i nf usi ons oTherrtENr system' @ilises ianingesofsdifierent paremetsirs,twhich@liow the user

| | ol_ogi ari abl AEP. | ) b I St | shd h
rans: ¢ 1on 1o GRE0g8h 2 SR doreinge o1, PR Bl RBB0BS &' Rl ARl che
P, Eiselt %eéﬂﬂfd‘df?rﬁhdfysi&é?ﬂch Bngé' dodifeMntwe Oghlg arftE 80 iditiary

Neurosci Lett Nov 1997,” PM D. 9406/65, Ul: 98068 Anal ysis 10 of the
i nt errel at | analypist a® &he aneans to dgiesmine el dgpth ghanpesihesieyfosiayparticular

conmponent | n |« ' | " t.hi YainLt T €
and coll eagﬁfltgéeﬁes@??EQIOWI?gggjéﬁé%gag}?g@\}{gt%gia?g@%ﬁuﬁgmferh@?ﬂlr%{g SsulfI nal
c;)rmonents @ﬂ‘n;}érmmba!méfaiﬁd g@%&emlgbtfehaestﬁébmcmlbmm bEEG hot pmicltical

ee are characterise a ratic e Cco ' I - t
anal a1 WHBSUEH % GPMBEX HISIGd A ATHLATRRGDAHHARAYt hm wi ¢ hi 1 a
frequency range of 3-12 Hz) can be denonstrated within the first part of
the burst pattern. The detection of this signal conponent and of the phase
coupling isinore successful in the frontal region. By neans of anplitude

denodul at i f the “initi ' and b t .coh lysis th
Chaea coupt Bae Gansergon RE, S8iteiSitn % Gl A EKorsRRL O fleSistinn o
envel ope cupyisipfidutBal ofi Adasthedye' JupeoRg0h 0 PMID: G895TED, RAF 28543061 e

the sane qualitative course as the signal trace of a 'lower' frequency
conmponelt (rergagyland 'midazolam saagsthasia for cosprary ipage sergewd g aligal J

of anacst hetioy" 8 phRediaslgsoegpRatiih, atal s §dd bpetRfafisty BRdtr' "
practice, ifghallecin fhislistualy; BRaGind col®iaguss describe: “Bi-spectral index (BIS) was
assessed as a monitor of depth of anaesthesia during fentanyl and midazolam
anaesthesia for coronary bypass surgery.” “BIS decreased during anaesthesia,
20  but varied considerably during surgery (range 36-91) with eight patients having
values > 60. Midazolam and fentanyl drug concentrations did not correlate with
BIS. No patient reported explicit or implicit recall. During clinically adequate
anaesthesia with midazolam and fentanyl BIS varies considerably. The most
likely reason is that BIS is not an accurate measure of the depth of anaesthesia

25 when using this combination of agents.”

2.

Schraag S, Bothner U, Gajraj R, Kenny GN, Georgieff M, described in

Anesth Analg Apr 2000, PMID: 10553858, Ul: 20019286 “The performance of
30 electroencephalogram bi-spectral index and auditory evoked potential index to

predict loss of consciousness during propofol infusion.” In this study, Schraag

and colleagues describe: “The bi-spectral index (BIS) of the

electroencephalogram and middle latency auditory evoked potentials are likely

candidates to measure the level of unconsciousness and, thus, may improve
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are used for nonitoring anaesthetic adequacy. These include haenodynam c,
respiratory, muscular and autonom ¢ signs. These neasures do not indicate
30 adequawy oefio@esaest hesia in a reliable manner." "EEG i nframmatozoer7eéan be
reduced, condensed and sinplified, |gading to single nunbers (spectral edge
frequency and nedi an frequency). These methods appear insufficient for
assessi ng afieeshligtrecovetgopiatilo.” THRhebelesfroshcephaloghar BiSrandthd maditory

b | | f E f
adequacy of SVEKESPPIDE gﬁqm@ﬁ%&g@%tvs&b%l%ﬂm%t@?ﬁkw%mﬁ%y a4
anacst hesi &y, 0, A8/ BRANP BRBFIRASIncote WY HECarEMSABhEsLdRIS ol

Mddle [|atency audi'tory ev potenttals pful 1n assessing
anaest het i c paadlelatmmg &pdfateedi'ansqms frmacbdnsctdmsnessalto dmtconscnbuﬁwe‘ﬁse

Eaeot hed: 5 el Sancue: i oth fas i gk Bk e TelalS THearS rahening e "
i ndices for leh)a Qﬁﬂirﬁo%@éi%%ﬁéﬁsf %IulPiHbu;]f%BMdeqﬁfu@Hnt 'mé@emnCAEmeaﬁovbadtoces

to ensure that the user eto timately provide an informed decision
on the deptoffeofnqxep:hmrenrnak)rarmserheih@ II’uBVldpﬁbﬁaﬁBrﬁn|MPLIQAT|@N&nB@tfbf

Vaxi |1 of ac. & PrABPALBRRX B 8" oigBficiibelalghfaf sBT e " aueifdrd vajped

bi - spectral paftiak Smdéxpaéﬁeengéodm d6toRY of Ntha evels o‘fed;%tiiaﬂ@wf@rnd hird
nmol ar extractlons " In this study, Sandler 15 describes: "The Qbserver's

Assessnbbit uncwmw@msw@ns@dmmfol( dpfusion. Ié@weéewa&ms@m'tp&/ evoked
bj ectivel y |
subj ective gfe%?] Fsts ind&% 6 r% b&jcelsc?g%%%t n[blﬁgéaﬂ)lr&@?ﬁc? 't%her\?z\t .

before initi & se |on procedure an
until the elh@nometdftmsaiwseldtthe untbastoss lsta‘#@In ﬂMndlvnidatl patonts] y
recorded.” "The tinme and dose of the drug given were recorded. The |evel of

20 sedation based on a single anaesthetist's interpretation (OAA/S) and the
BIS readings were then conpared. RESULTS: A strong positive relationship
bet ween the BI'S i ndex and OQAA/ S readi ngs was found (P < .0001&. "

" CONCL UBS ONGdjtp RJe,cBnblM;gMamtiaﬁdisaH Kenoyt GiNe descdbedilin iariish Jsuraalseksi ng

t he depth of, sedation el b, en. t
oo eck e SevaPORaL S seeL M PR AORBRE LA o i
depth of Péé&éleEEG amyg:sc@rﬁu %dlt@r\yaé\ktﬂdéhepd)t@nﬂél@vfdﬁlrﬁ@nlﬁfrln@bd@;@thl i3
assessnment o sedation in oral and maxillofacial surgery where it may be
difficult t@naestBegianduring propofol anaesthesia.” I[n this study, Gajraj & colleagues
describe: “We have compared the auditory evoked potential index (AEP Index)
20 and bi-spectral index (BIS) for monitoring depth of anaesthesia in
spontaneously breathing surgical patients.” “The average awake values of AEP
Index were significantly higher than all average values during unconsciousness
but this was not the case for BIS. BIS increased gradually during emergence
from anaesthesia and may therefore be able to predict recovery of
25 consciousness at the end of anaesthesia. AEPIndex was more able to detect

the transition from unconsciousness o consciousness.”

4,

Gajraj RJ, Doi M, Mantzaridis H, Kenny GN, described in Br J Anaesth Jan
30 1998, PMID: 9505777, Ul: 98166676 “Analysis of the EEG bispectrum, auditory

evoked potentials and the EEG power spectrum during repeated transitions

from consciousness to unconsciousness.” In this study, Gajraj & colleagues

describe: “We have compared the auditory evoked potential (AEP) index (a

numerical index derived from the AEP), 95% spectral edge frequency (SEF),
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the |l evel of sedation clinically.” 30 8. Denman WI, Swanson EL, Rosow D,
Ezbi cki K, Connors PD, Rosow CE, described in Anesth Anaig Apr 2000, PM D:
10735791,wOl02/122800014 "Pedi atric eval uation of the bi-spexta@k/oorrdex
(BI'S) monitor and correlation of BISM®th end- tidal sevoflurane
concentration in infants and children.” In this study, Denman & SUBSTI TUTE
SHEET ( RULEn#@iaMr&Uedy2 MF ) 2ancPEmé AbR2péxidral Gndex| (Bi8Y whierinde axtteiristing’ The
bi spectral inde f«gl S) has been dgvel oped in adults aadqc rre{ at es @I

Wi th ol i ni cBPTIAYHMEGORSEPHERRSS BNd MnconReioHERSSRrdveed: i fareat-ComEalse: 1 s
reflects cl 4,8 of « ,pnﬁg ' f ?FHLS% i
responsi ven!adgg&?hs :S‘rf]‘P a tozdénddj%:fhll fpé%@ﬂ&g%ﬁqu %lg(?frtg% z(tﬁjergé'%&g I iﬁjrl(i)%lg?l

i ndi cat ors SadfblesgsAREsi inder otdd dbest asgt i distingLishingduhe s tramsitidapt frowf
anest hesi a i ncreased BlLS di mi.ni shed., BIS correlated with sevofl urane

S
concent rat | JACPRSFAYSASS 13 SANSCRPNFSH. " The use of bispectral index (BIS)

during general anesthesia inproves the titration of anesthetics in
adults.” 10 9. Hirota K, Matsunam K, Kudo T, Ishihara H, Matsuki A,
described i b.Eur J Anaesthesiol Aug 1999, PM D. 10500939, U : 99430726

di azepam pUREaR EUESRRE ¥ skt pRimBhATRY SERRER 1) ARGRENE fellor e
"Venous bl ogdsdfbechiinp! ReuroBcinlatt Wewel 9871, IPatiDe $408765 UL 28968600 2ANalYsE i N
group D(+) for the measurenent of plasma catechol am nes | evels usin

h} gh- pet@ or phrtbe intefelations hehwesr rappy-fragieensyspaet @ aJPighTfEﬁéweln@Ve$i98ﬁ'ean
b IS v : T PSP ' .
ot oup b ) - SBEHHBnEht i hufriarsnebyatel FEC g SSIRR in this SRy, WS dnte 1

bet ween bi speli¢agues rdbseribexd pilascam 282 nshaypn nihalhr dominantelrisythmic- Sigsal7, P
< 0.05). study su sts that t | spectral index.nonit may det ect {he
ef fect of off p@ingg&p%ﬁ@‘?ﬂr@h@oéﬁ@?q%gfpatﬁms (HiseAniinas @éGﬁaﬁq@,sﬁeep)
described i G [ . Y isYUA' so-
09167537 " THES oe o osh oY B BB has Roupy I koL AR Sis) ok <o

el ect r oEmcepabigd nitisl wave'r @armow hend rbpthm n arfeeauensyaange|af 3-A2sHz) udy,

Mut huswany and ,Roy _describe: . Th | Lye ' Sign
and eval uat £93 BrotRBaar ey or sEhBapR el byt Brdhediis St 108 adicoiiTeg
cani ne nodehis hagnalnéSapenas ahe Gfr henpradalcoapimg (S@redsutosdfidln the
aut oregressive (AR) paraneters, henodynam c paraneters, and }he al veol ar
frontal region. By means of amplitude demodulation of the initial wave' and a
subsequent coherence analysis the phase coupling can be attributed to an
20 amplitude modulation, i.e. the envelope curve of the 'initial wave' shows for a
distinct period of time the same qualitative course as the signal trace of a 'lower’

frequency component (0.75-3 Hz).”

6.

25 Schneider G, Sebel PS, described in Eur J Anaesthesiol Suppl May 1997,
PMID: 9202934, Ul: 97346517 “Monitoring depth of anaesthesia”. In this study,
Schneider & Sebel describe: “In clinical practice, indirect and non-specific signs
are used for monitoring anaesthetic adequacy. These include haemodynamic,
respiratory, muscular and autonomic signs. These measures do not indicate

30 adequacy of anaesthesia in a reliable manner.” “EEG information can be
reduced, condensed and simplified, leading to single numbers (spectral edge
frequency and median frequency). These methods appear insufficient for
assessing anaesthetic adequacy. The bi-spectral index, derived from bi-spectral

analysis of the EEG, is a very promising tool for measuring adequacy of
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anest hetic concentration.” "Since the anesthetic dose versus depth of
anesthesia curve is highly nonlinear, a neural network (NN) was chosen as
the basiwoagtibozat or and a multi ple NN approach was conceipeadthtnRioettet ook
henodynam ¢ paraneters, EEG derived pa#aneters, and anesthetic SUBSTI TUTE
SHEET (RULE 26) WO 02/100267 PCT/ AU02/ 00776 126 concentration as i nput

f eat ure vecapassth8siacAn atteasitiverdpproact is e nemtdr efokednpsichtislisaMiddlel ves

cognitive as well as, statistical uncertainties, fuzzy integral s. used
£o it egr at EtEREY AMHONG EHPked MOVRAES gnay e FielteL LT AepamTng adrestisti
arrive at t i i Aepidh vafigasist hesi a. " "The fuzzy

I ntegral of Qt&ﬁéu%@i'r%?bitgﬂ%arﬁqﬁ\? %‘Eﬁ mat esv?\;%en tested on 43 feature
vectors from seven of the nine test experinents) classified 40 (93% of

Lot Tt b Th Tolqug, MR RoatS He e oTHIS ‘S Bgronidndion SLuspieh cir
Trans Bi Onegnl'lagé‘tﬁeéi?n a@@ggccd?ﬁ'ﬂn?ly 991739%695/'&99@%@&8@ BIS a8esnedtethe

spectral analysis of burst patferns in EEG " In this study, Mithuswany &
Col | eagues ihelicas by in-gepths andgsthesier buippravides pauwltiplet eorcusient Hndisest ioal

paranmeters of the,E t | | f N Xi C
arrest (EEGngHr?t thﬁi&‘%r%?? ﬁ%lblaeng’ H@HH%@I @?gld?éeéﬁ\i@&@%égtdé#%ogi@ ves
into a noredepii biel pHiie anadsthesidias dpposbe opicthe retlgnes of owe tilidaioi:cat e

t he degree of phase coupling between two frequency conponents of a signal,
are sigfificantly higher within the delta-theta band of the EEG bursts
than in thesbaseline or |ate recovery waveforns. The bispectral paraneters
show a nore detectable trend than the power spectral 20 paraneters." "The
bi coher enceSandéercNALSparks BB, aipscabed iredriab Maixillofeec Sprg Appile2000 RMD:ongl y

i ndicate th f ' it of d two. and |,.
i ghor . i n AREDEEH JahS0RB0B5H e se BT ERRECET cpaSis AeatoRIsIeTPER | on
of nonli neafdtlta\(/eheug!z%éétﬂﬂﬁ'fg% ﬂqu” r‘i‘lﬁ?araefaﬁé(@tﬁo@'antlht HHis VetudpasHrRilerof

brain's response to injury.” I pton JM Dabke KP, Alison JF, Cheng
H, Yatet5 L, descniresT|“TheeSbsebet'si Assesamant ofadlarinesscand Siadaties (@AAR)0g,

P D, 9539 e SRRTERD BHR4] aobhes S Ra BB B85t
describe: "ZRgesthelsC betsrealiitidtingoth®y ¢edation procedure and then at 5-minute
intervals until the end of the procedure. The BIS level was simultaneously
recorded.” “The time and dose of the drug given were recorded. The level of
20 sedation based on a single anaesthetist's interpretation (OAA/S) and the BIS
readings were then compared. RESULTS: A strong positive relationship
between the BIS index and OAA/S readings was found (P < .0001)."
“CONCLUSION: BIS technology offers an objective, ordinal means of assessing
the depth of sedation. There was a strong relationship between the objective
25 BIS values and subjective assessment (OAA/S scale) of the depth of
anaesthesia. This can be invaluable in providing an objective assessment of
sedation in oral and maxillofacial surgery where it may be difficult to determine

the level of sedation clinically.”

30 8.
Denman WT, Swanson EL, Rosow D, Ezbicki K, Connors PD, Rosow CE,

described in Anesth Analg Apr 2000, PMID: 10735791, Ul: 20200014 “Pediatric
evaluation of the bi-spectral index (BIS) monitor and correlation of BIS with end-
tidal sevoflurane concentration in infants and children.” In this study, Denman &
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spectrum have been shown to be powerful techniques for identifying
different types of nonlinear systemresponses. This paper presents an

i nt roductworntie26bi spectral techni ques applied to bi onedi eafr/Aiogned’s and
exam nes the bispectral properties de5Sthe human el ectrocardi ograph (ECG.
The bi spectrum proves to SUBSTI TUTE SHEET (RULE 26) WO 02/ 100267

PCT/ AU02/ 00¢glfeaglied descaibeefTiae bispectralindér (BISpiassbeén migveluped in adults

di st i ngui shi na I fferent ECG response t_yp%s. Bi s ecg?rf%l ECG anal ysi.s i s
non-i nvasi vandsaraiaes mellavith, cliaical hpeetit eftaptsof anssihrtics: X bwestigated 13,
Hal | JD, Lo r i : r ' 5,
U 9828663%%;%@@@?&%%5@' @c?r?%rrsi é@ﬁaﬁ‘?&?&%rﬁoﬁ‘iﬁﬂgﬁ% Agefittosts udy,
Hal | & Lockvespdndizenesdin infatsharvk chitdrpas’ etBISr aorrelateenwithiclinicdl inidfcatorsal

nont age ing a new EEG nmonitor,. the As t A-10Q0. .Th I t 10
bi spegt f%rséﬁgf‘%th@gv’?d”d&"ﬂ\r/%n &5 1t HH&E‘_ %‘F‘ﬁgﬁné@s@lﬂgg iof %‘Eeﬁ’ttnlﬁe,né'? ﬁicrggé‘%iact ral
ndex (Bl SBIS difffiiidd OBIPEBRreRitad St} Bedoffirhie Mool Raliad in WhfftdTBAE

reliabl e than er done electrodes In a fronto-central nontage and both
types of el ehildredds “Tael usepeafabispeciral tindex |(BHB X dluripgu general r anggthesia
However, BI S val ues derived . fromeach. nmoptage were found to differ in an
unpr edi ct abl'Eprr%{ﬁﬁg?‘? ﬁ{ra%n ?gaE%%b?ﬁ%se'nﬁ@ﬁtst he BI'S may be useful for
following trends in anaesthetic depth in individual cases but it is |ess
hel pful when naki ng conpari son between patients or as a single value." 14.
20 Strul® M. Versichelen L, Byttebier G Mrtier E, Merman A Roily G

descri bed i p,. t | i 3 = 88 'O enk qal
usef ul ness E\"@%ﬁb@@%@t‘%@? %%QQOWHQHI%?%&T ’ngta[g%{glgofabﬂig? Q?O;bgt ft EOFQ
ef f ect - si t e Anaesitesiol Augn.999, rPMID:s 16500839, SUl: U984 307R6c BRelatign dsetdiesor i be:

"A greater percentage of bispectral index readings |yjng outside the
target rangbispecial <ingexs > m%ndc%?@ﬁﬁ\'ﬂ-ﬁgﬁant iﬂ'@t‘si AZERRM
during mai NpenAnGEHET € [Pt s'turﬂr}l, %ﬂi’lg aghd JdOIRERUER e cHbBN 8y BidolDr €
inmplicit awareness in patients | oup 1." "Propofol dosage could not be
decr eastsl bsampleso(6: ndonwiese eollettedein thef casedaf ipakiestsuindgrumBX(h) farribe due

tlg a more Szrirgéa%LzrieCr%gﬁty o% ip}ars%t!ai %%té)cfholiaarh %ts le\(/aélfs eucstiﬁg'jS ihﬁ&-ﬁg%ﬁﬂéﬁ&t ii&'l"idn 30
chromatography. The bispectral index level (mean +/- SD) in group D(+): 93.5
+/- 773.5 was significantly lower than that in group D(-): 96.1 +/- 1.8 (P < 0.05).
There was a significant correlation between bispeciral index and plasma
20 norepinephrine levels (r = 0.567, P < 0.05). study suggests that the bispectral
index monitor may detect the effect of oral diazepam premedication.”

10.
Muthuswamy J, Roy RJ, described in IEEE Trans Biomed Eng Mar 1999,
25 PMID: 10097464, Ul: 99197537 “The use of fuzzy integrals and bispectral
analysis of the electroencephalogram to predict movement under anesthesia.”
In this study, Muthuswamy and Roy describe: “The objective of this study was
to design and evaluate a methodology for estimating the depth of anesthesia in
a canine model that integrates electroencephalogram (EEG)-derived
30 autoregressive (AR) parameters, hemodynamic parameters, and the alveolar
anesthetic concentration.” “Since the anesthetic dose versus depth of
anesthesia curve is highly nonlinear, a neural network (NN) was chosen as the
basic estimator and a multiple NN approach was conceived which took

hemodynamic parameters, EEG derived parameters, and anesthetic
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Kearse LA Jr, Rosow C, Zaslavsky A, Connors P, Dershwitz M Denman W
descri bed in Anaesthesia Jan 1998, PM D: 9447852, U : 98107541 "Bi spectral
anal ysi s wb o2heo2et ect r oencephal ogram predi ct s consci ous preaedsng’76f

SUBSTI TUTE SHEET (RULE 26) WO 02/ 10028& PCT/ AU02/ 00776 128 infornmation
during propofol sedation and hypnosis.” In this study, Kearse & colleagues
descri be: "EUdEEREtiND: ad tsputi fepturer vectorsdeSin¢8Ithy estiamtions of therdppdh iof t he

i nterfrequency coupl.ing of the el ectrqgencephal.ogram (EEG) . The ur poses of

this study aeeshesi 'NS‘%M@E EPIRITE AR &Y te@sﬁ% 5{5‘2?9P@P%'{t%lgt'%‘\h%?@zyggtﬁ&ées to

command dur | [igy 4 ' ltoand
VLR Zﬁfﬂ?@%ﬂe (P By alnestiRateRYorRhaRaTRLs HetwaiaPahalto

nitrous oxi conpar argeted and neasure

concent r at | amiveddt the dipaf edtimate of ¢hié depthgofraneasthesimht“$he fezzydntagrat of the
commands. " . ".CON - Bispectral index gccuratel redicts res se to
ver bal s‘f’conﬁ‘?ﬁﬁﬁ%‘%ﬁi{l%ﬁﬁﬁﬁ R‘Hﬁ?ﬁﬁﬂs_ p%ﬁsf%ﬁﬁ{r _V;#EPEBEEH"‘&FVSPO%%&

pl us ni trougjnd0 tQal @%PeﬁrﬁEHfs?Cwas:éiﬁaal Aba{o®R) | 6F Thératbfrastly,i keklingoabe
encount er ed gurl ng clinical "use: when propofol concentrations are

i ncr easi ng substestiadeipnoyeament oves the indbddeal NM gstimeiasat s are made over
time". 16. 15 dass PS, Bloom M Kearse L, Rosow C, Sebel P, Manberg P,
described in Anesthesiology April 1997, PMD: 9105228, U : 97259091

"Bi spectral {@nal ysis neasures sedation and nenory effects of propofol,

m dazol am isoflurane, and alfentanil in healthy volunt rsr. " In.this
study, 18 asMuthuswamy,Je Shesman BL, Thakor MY des@ihes. igt '«;E%- sans Bigngg
concentrati . of 20: g F%{é[c

ei ther a pi f—’_:ﬁgr‘%ngirgcéggﬁm@a‘é%gggggbugéﬁ?gﬂ}@ggnﬂgﬁé gtrolk’(g‘% O(t)rgﬁégil gwégbfwa
obt ai ned f obuistipattgrrenin EB@I"Y B thiostudyuliuthursveary &t Colleagues deseribe: “We

partici pant was eval uated for |evel of sedatio s determn b

r esponsi ven8isdYpBPWEESPeFiralh RaraiReters and g’é?@é’g'ﬂéﬂ?r%?etleﬁ% oj?t@re{ ﬁg;g/at
sedation s ifeO/Ph fan2 re8Is (ERGShEet ®att
unconsci oussgﬁ%g‘%% BI g %@H rsi or\{%;pgr%ngcagr g%v\h/ays)(ﬂ}rsgf:or d(ed in realey-ét iemas)and

the Bl 95 veasd auridgOftenasovaryiasieq kR leyolissiintoda oidre (cPRtnBpusEtdtyr dber ded
raw EEG dat

of responsi 6'8999%9%%;% %%ﬁﬁg%’hiﬁgg g‘ﬁ% gﬁﬁp%)e; §#ﬁi%§o%&]§"“yr¥%eqw&§§ t‘l’%’ﬁ vel
consci ousneffgqudh@ s BomPaneits ofiagighal, Beé sRinficamily biyher vdthimtieedettartieta of
the | evel of sedation and |loss of = 30 consciousness for propofol,
m dazol am baad iof dhe REGDurstgthan in the baseline or late recovery waveforms. The
bispectral parameters show a more detectable trend than the power spectral
20 parameters.” “The bicoherence indexes and the diagonal elements of the
polyspectrum strongly indicate the presence of nonlinearities of order two and in
many cases higher, in the EEG generator during episodes of bursting. This
indication of nonlinearity in EEG signals provides a novel quantitative measure
of brain's response to injury.”
25
12.
Lipton JM, Dabke KP, Alison JF, Cheng H, Yates L, Brown TI, described in :
Australas Phys Eng Sci Med Mar 1998, PMID: 9633147, Ul: 98296803 “Use of
the bispectrum to analyse properties of the human electrocardiograph.” In this
30 study, Lipton & colleagues describe: “The bispectrum and bicoherence
spectrum have been shown to be powerful techniques for identifying different
types of nonlinear system responses. This paper presents an introduction to
bispectral techniques applied to biomedical signals and examines the bispectral

properties of the human electrocardiograph (ECG). The bispectrum proves to
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Sebel PS, Lang E, Ranpil 1J, Wite PF, Cork R Jopling M Smth NI, G ass
PS, Manberg P, described in Anesth Analg April 1997, PM D. 9085977, Ul :
SUBSTI TUNEOSRERE6{ RULE 26) WO 02/ 100267 PCT/ AUO2/ 00776 12PeTOMD40676 " A
mul ti center study of bispectral el ectifbencephal ogram anal ysis for

rmni toring anesthetic effect.” In this study, Sebel & colleagues describe:

" Bi spectral paal #ffeciveBod) fd?frepl‘&eﬁhﬁbhdﬂsmymmg@ aifferERCGE Cliarespemseshown
in retrospective_studies to predict ether patients wll i n response
to skin 5 |W@B§+ Bﬂﬁpe ek € Gld Anadyeis iﬁJBG%"S‘/VE}Sé@o?B@d“@Yd”‘AY? &B@c@ Usesdo
noni tor andg; %rﬁd& ated in real time frombilateral frontocentral
channel s di sp aye nonitor." "Therefore, the adjunctive use of
opi oi d anal gesi cs conf ounds the use of BIS as a neasure of anesthetic
adequacy, whﬁz‘{g1 novenent response to skin incision is used as the primary
end p0| 0 18. Miuthuswany J, Sharma A, described in J din Mnit Sept

1996, PM D yaff dﬁﬁ%k&bod%@%é@&.beﬁ |ﬁtB#d.YAﬁE\e§iheMTan9989IPmD0%2’3ltB53

descri pt ors an end-t i dal concent ration in estinati ng
anest hesi a. Ul |982866;385t‘lar$pectta indekusomparisen osﬁmorrmom\éagﬁa b@\ thm&i@b’n VE:

aver age. med 2l & oy deRabe, s Bayg EReR FoRARE L ERET bR, 2

bi spectral MntaEs usRIgE aUseW E\EGhmohher ANBSABISEECACIOD0E MHeA OB iuses
estimating the depth of anesthesi a. METHODS:  Four channel s of raw EEG data

were colQ ecbléﬂeﬁftfdrﬁfﬁl)ﬁ%ﬁ tersiegive [andogex phanaagthetic deph. dhe biseseiahiex
under diff S@%& ! :elg{%té@# sBe 8 i385 BREN ﬂw@rﬂgﬂ«g '\n%érQLfﬁ%re%hQ@ﬁ' than

oxygen. F al varla e see
non- | i neari §iwer I@Id’rdi@etwtmdas)in sefatedcentyak Mntdgesanabboﬂntypeesbelmbdanwe‘sr om

the class of responders. Conseque t he neur net wor ed on th
bi spectral ba¢|lameéian§e$é§st 60‘1%15!‘@1' t$eeiuk FRNgGe %WeYFert\élsqu 8

power = 25 Sﬁ‘S@{ b8ch fibhfye® wite 66 d)fto éf'ﬁe" ﬁ\o%sun%r%%lctaﬁé'hbﬁnéﬂ—” ‘*Wbt M

Skol ni ck BE escri be ectroencephal ogr d i n Neurophysi ol
Feb 1998 P&d)lﬁbluﬁé%éﬂthe BIS: magbéamlfar ﬁnlemn@treadairyanaesmetm depibunl

I nteractions in, hum Shils .& caolle

used non- | i [igividy eﬁ?@ﬁab“éﬁalﬁﬁ%sshe'WEYWQPPi”a%f'ag CPHE’%%%B@@W‘%# b?ﬁegttqudy

i nteracti ongy ngvgﬁ@et\}%@i’ ectrocerebral activity resulting from
stinmulation of the

14.

20 Struys M, Versichelen L, Byttebier G, Mortier E, Moerman A, Rolly G,
described in Anaesthesia Jan 1998, PMID: 9505735, Ul: 98166634 “Clinical
usefulness of the bispectral index for ftitrating propofol target effect-site
concentration.” In this study, Struys and colleagues describe: “A greater
percentage of bispectral index readings lying outside the target range (i.e. < 40

25 or > 60) and more movement at incision and during maintenance were found in
Group 1. There was a trend towards more implicit awareness in patients in
Group 1.” “Propofol dosage could not be decreased but a more consistent level
of sedation could be maintained due to a more satisfactory titration of target
effect-site concentration.”

30
15.

Kearse LA Jr, Rosow C, Zaslavsky A, Connors P, Dershwitz M, Denman W,
described in Anaesthesia Jan 1998, PMID: 9447852, Ul: 98107541 “Bispectral

analysis of the electroencephalogram predicts conscious processing of
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| eft and right visual fields. The stinulus consisted of two squares, one in
each visual field, flickering at different frequencies. Bispectra,

bi choher ewo2amit67 SUBSTI TUTE SHEET (RULE 26) WO 02/ 100267 PRTRUAIOR7760776
130 bi phase were cal cul ated for 8 subpgcts nonocul arly observing a visual
stimulus.” "These results illustrate how bispectral analysis can be a
power ful t deformaticmaluying ngropbfol cssuiatiohi and hyphosgiedr & thist studies Kiearsm 8pl ex

t ot [ i ffe ] | t l, | ith stinmuli
o) speci 11 ¢ coleaimenEPebeMRAKERINDY M Dispasdal inte (B ireesuisioncy
lysis of EEG :
Vel tors K, canges it ikterireadthoy cdibling o i BeBlrBEndannaRaREH G jhe
e e o e s 89 ot
volognt eers. .rewpqsgﬁgos%tmman g@ﬁrii &ega{iqfﬁaaﬂéypé@@r\ pedg?yoBEﬂQﬂfOI ?ls
often used HpHpFBOSHA ArSllY bRide! 8AHQP 1o 2BRpaRe BIS: toMbrdetet &thd Rasured

hypot hesi s "that propofol blood concentration, the Bispectral |Index and the
95% spect r alcongeritriionsrefopropoiol ph quedicting pprtisipania’ ©EPPBSEH i goamants.

Pypot hesi o 1 b rhSIRENSy BPaptai Higb¥ Ehiretal BRsticts? BoprtShebr B YorbE) oo

concentrat i @@dmmand¥edufhg Bedatieh ahddgpnesisugitvpespdiebsinprapofasplas pitrassed
by 50% was 91 +/- 1. In contrast, the 95% spectral edge frequenq?y dj d not

correl at@ wexideniAgcuragy s fgaintaingsdn srityadions dikei de o @ncersiered [ eKg v as
pr opof ol bl : N i l-NC B t; Ha Lo fol]
150; T2 = ouieaCUSENE Bipotl LTS BRE indleds P br uccledsing 1RE

t he 95% speeitienl repdgied megsearenyerts dre pradeodver tioogicent ration. In order to
suppress | earning, propofol blood concentrations reported to produce
ammesia may be targeted. Alternatively, the 25 Bispectral |Index nmay be used
to predict ggesthetic effect during propofol sedation."” 21. Sebel PS,

Bowl es SM Saini V, Chanmoun N, described in J Cin Mnit Mar 30 1995,
PMID: 778500%lassIPS, Bleem 48, KeaseLs Rosom 6, Sebel &, Manberg: Ry deaenibegl in

L oPenL | RS A BBE PIALE oo o 008 SRl RRSH BB,
of the bi spesddinés sedstior Bh&menopasfsttsiof brayrsol haitlazsign, isofluvenes; andSEF)
alfentanil in healthy volunteers.” In this study, Glass & colleagues describe: “At
each pseudo-steady-state drug concentration, a BIS score was recorded, the
20 participant was shown either a picture or given a word to recall, an arterial blood
sample was obtained for subsequent analysis of drug concentration, and the
participant was evaluated for level of sedation as determined by the
responsiveness portion of the observer's assessment of the alertness/ sedation
scale (OAAS). An OAAS score of 2 or less was considered unconscious. The
25 BIS (version 2.5) score was recorded in real-time and the BIS (version 3.0) was
subsequently derived off-ine from the recorded raw EEG data.”
“CONCLUSIONS: The BIS both correlated well with the level of responsiveness
and provided an excellent prediction of the loss of consciousness. These results
imply that BIS may be a valuable monitor of the level of sedation and loss of

30 consciousness for propofol, midazolam, and isoflurane.”
17.

Sebel PS, Lang E, Rampil 1J, White PF, Cork R, Jopling M, Smith NT, Glass
PS, Manberg P, described in Anesth Analg April 1997, PMID: 9085977, UL:
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relative delta power, nedian frequency, and a conbi ned univariate power
SUBSTI TUTE SHEET (RULE 26) WD 02/100267 PCT/ AU02/ 00776 131 spectral

deri vati vwoim/ipi2edi cti ng novenent to incision during isof lParTaa@2oxygen
anest hesi a.” "CONCLUSI ONS. When bi spgetral analysis of the EEG was used to
devel op a retrospectively determ ned i ndex, there was an associ ation of the
i ndex with @P24081 “AThulsicen'ntEr st ybef taspscﬂfalIelepntmdﬁmephalogrameanwysmmn ents

ot 1 ur anes BIUERNS anssthRud Srlbckh” R Hin iy *seBEF 5noohSadld seseripe:
Zasl avsky A“Blgﬁé&"rélbé‘rgal'é?s gé‘i@‘?%frtﬁé'éi%&&)ér@%hél%gfam%@) H2IBEE shiin

95085072 " Bi spectral ana ysi s "of t he el ectroéncephal ogram correl ates
wi th pati enin refrospeotive etuslkasdmmed@t wietheri pajieptopilifrodyenin respeonegita skin

anest hesi a. ! lnthl rse col | u d [iDbg:rn, ND):
B spect thi ~ DRTORT's FECAIES gHERTP e d8rmERe 8 or ASEoeZioo PR A, he
har moni ¢ ansl$ﬂw§secé@hmtedm$ ré’émﬁ'ﬂe tHiefn \bilbicPAISroftbesntedl Céemnels HRplayed

el ectroencephal ogram Qur_purpose was to conpare the 15 accuracy of a

blspectral dadbe imeritor.’t FiEth’ﬁ @dheaﬂ'dwﬁ@léée,USQ/\Pfﬁplpiﬁ’a@nQJgeﬁlﬁ$@@nfﬁﬂM‘3
spectral 9 deI ta
pgwer) | n p e?i%? g?%é%l en t‘ag‘r’rllf?'l\(/aemen Stﬁ&fde%&p.)%i Wﬁnﬁ)@?’ﬂ]&n@l onddé%rl ng

propof ol - ni {g skiA iMeisida isnsed besh@pnm@&ﬁtﬂp@ms The bi spectral index of
the el ectroencephal ogramis a nore accurate predictor of patient novenent

in 20 r1&ponse to skin incision during propofol-nitrous oxide anesthesia
than are sygndard power spectrum paranmeters or plasma propof ol
concentrations." 23. Sigl JC, Chanmbun NG described in J Cin Mnit Nov
1994, PM D: MigBaswamy 25 Sharmﬁlmmezscrikadi imt JoCGintMonitt Sepi 49861 RMID:

I f h L n_thi d ' d Ch
deact i be: +4argiz OFr SPRMETACH BT ot aidineyelhdBlepNasPiror e o
sinplified bRdQi@l Qioafcbﬁﬂa@cﬁn tiReestithatiid QRsIRR PHR|PBEMES(EEC)In T tis astuay,i ety
of applications, includ |ngbt e diagnosis of neurological disorders and the

i nt r aopdr at MidhusmamyrandgSbarns d@ﬁ@&h&}etOBJEQTlVECSVOﬁ'éIdXCQ‘I’%bﬁ%ﬁmn%h@fm a.
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Four channels of raw EEG data were collected from seven mongrel dogs in nine
20 separate experiments under different levels of halothane anesthesia and nitrous
oxide in oxygen.” “CONCLUSIONS: The bispectral variable seems to reduce
the non-linearity in the boundary separating the class of non-responders from
the class of responders. Consequently, the neural network based on the
bispectral variable is less complex than the neural network that uses a power

25  spectral variable as one of its inputs.”

19.

Shils JL, Litt M, Skolnick BE, Stecker MM, described in Electroencephalogr

Clin Neurophysiol Feb 1996, PMID: 8598171, Ul: 96173435 “Bispectral analysis
30 of visual interactions in humans.” In this study, Shils & colleagues describe:

“We used non-linear spectral analysis, in particular the bispectrum, to study

interactions between the electrocerebral activity resulting from stimulation of the

left and right visual fields. The stimulus consisted of two squares, one in each

visual field, flickering at different frequencies. Bispectra, bichoherence and
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distribution as a function of frequency, ignoring phase information. It

al so makwe ozheo2azsunpti on that the signal arises from a IpPCmedaro2jpeveess,

thereby ignoring potential interactild between conponents of the signal

that are nmanifested as phase coupling, a comon phenonmenon in signals
?ene; at ed Biphasen wend i 68I@tlla$@1t;rf0988880bjea’$ trnenceularlyl obssTviags asy\8$lmh
CNS) . " Kear se LA Jr, Mnbe P, DeBros F, , _Si nai
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non- 1| i near égaﬁ‘pg:_t@es of the 15 el ectroencephal ogram (EEG as defined by

the bispectral” index was a better predictor of autonomi c responses to

endotracheal intubation during opioid- based anesthesia than the |inear

statlstlcal @roperties of the EEG fornul ated by power spectral analysis."
"There was 201 ‘significant difference between response groups as neasured by

the bi spectyadlié rndeSegbleem;;hs&hragues demmeraesiﬁlbédqmmmthe&rwgder s
i ndependently of the anount None of the variahles gower
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133 Bispectral Index is linearly related to propofol blood concentration.” “The

Bispectral Index value when learing was suppressed by 50% was 91 +/- 1. In
contrast, the 95% spectral edge frequency did not correlate well with learning.
20 The Bispectral Index decreased linearly as propofol blood concentration
increased (Bispectral Index = -7.4.[propofol] + 90; r2 = 0.47, n = 278). There
was no significant correlation between the 95% spectral edge frequency and
propofol concentration. In order to suppress learning, propofol blood
concentrations reported to produce amnesia may be targeted. Alternatively, the
25 Bispectral Index may be used to predict anesthetic effect during propofol

sedation.”

21.

Sebel PS, Bowles SM, Saini V, Chamoun N, described in J Clin Monit Mar
30 1995, PMID: 7760092, Ul: 95280046 “EEG bispectrum predicts movement

during thiopental/isoflurane anesthesia.” In this study, Sebel & colleagues

describe: “OBJECTIVE. The objective of our study was to test the efficacy of

the bispectral index (BIS) compared with spectral edge frequency (SEF),

relative delta power, median frequency, and a combined univariate power
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The follow ng papers present sone of the difficulties of state of the art
which are overcone by the HCM System 25. 5 Yli-Hankala A, Vakkuri A,
Anni | a P,wRaetibizka K , described in Acta Anaesthesiol Scaad/Awg/01989,
PM D. 10342003, Ul : 99273549 "EEG bi dpectral index nonitoring in
sevof |l urane or propofol anaesthesia: analysis of direct costs and

B1'S moni t os PR e t/aluf h prBlikfite mil eiEHR 6 Ao, A B e

10 and hast gnegthesia.l MTOEaNGLESI@NSY Whenabispectpalarafysis ahthesEb&svas ubedai | ed
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speci al EEGf| St fssvert&RAThHAS, it flagle's L¥ei prddictoprepivieteppaticdd wifi EEG

power spectrum during repeated transitions from consci ousness to

unconsci Hus mes&@ inRedpGage to skivindixion detring/anesthesiadivish iseflu@ni/azygeenny .
British Journal of Anaesthesia 1998. 20 29 Mira L. Steyne-Ross and D. A

St eyne- Ross, of Departnent of Anaesthetics, Wikato Hospital, Hamlton,
New Zeal andogescri be "Theoretical electroencephal ogram stationary spectrum
for white-noise-driven cortex:Eyidence for a general anaesthetic-induced
phase transikgarae LihiJs, Manpera P, ow N, sleBrasf Laslavskys desaribed| inpover

in the vicinity,of .t I tidal I nangkEhE ) & :
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t he anplidt utiee dlectrodriceéphalogmain dorrelatgsadithnpstierdt mowemenhito ekire sndisionc
drug as one o the weighted inputs for an jnprgved, i t h. gnaest hesi a
noni t ori ng @lyglﬂarﬁroegpoy@!tm% Xigejanesthesiy %?ﬁ §B§&t ?fﬂ%"s%g‘d?‘ﬁ U&Foked
potential s : EE SIRES-L I iin tRd 4 r 3iaphity ihem
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15 accuracy of a bispectral descriptor, the bispectral index, with that of three power

spectral variables (95% spectral edge, median frequency, and relative delta

power) in predicting patient movement in response to skin incision during
propofol-nitrous oxide anesthesia.” “CONCLUSIONS: The bispectral index of

the electroencephalogram is a more accurate predictor of patient movement in

20 response to skin incision during propofol-nitrous oxide anesthesia than are

standard power spectrum parameters or plasma propofol concentrations.”

23.
Sigl JC, Chamoun NG, described in J Clin Monit Nov 1994, PMID: 7836975,
25 Ul: 95138762 “An introduction to bispectral analysis. for the
electroencephalogram.” In this study, Sigl and Chamoun describe: “The goal of
much effort in recent years has been to provide a simplified interpretation of the
electroencephalogram (EEG) for a variety of applications, including the
diagnosis of neurblogical disorders and the intraoperative monitoring of
30 anesthetic efficacy and cerebral ischemia. Aithough processed EEG variables
* have .'enjoyed limited success for specific applications, few acceptable
standards have emerged. In part, this may be attributed to the fact that
commonly used signal processing tools dp not quantify all of the information’

available in the EEG. Power spectral analysis, for example, quantifies only

SUBSTITUTE SHEET (RULE 26)



Pul se Transit Tinme. Jeronme Argod, Jean-Louis Pepin, and Patrick Levy. Resp
Crit Care Med 1998 Vol 158 pp 1778-1783. 32. 10 Pulse Transit Tinme: an
appr ai salwofozpaizéent i al clinical applications. Robin P SmpPChjAUdeoTRE
Argod, Jean-Louis Pepin, Patrick A Ldd®y. Thorax 1999; 54: 452- 458. 33. 15
An Introduction to Bispectral Analysis for the el ectroencephel ogram

égf frey Cé4 pS'wzjr ldislﬂ'ltgltidﬁnals Eilaf?atﬂibrﬁofd ﬁb@.lrﬂwy, igWBring Phaskiinfdrmaticn divalsand
npany. ) n Recht schaffen and, Ant hony | es, Editors of A Manual of
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25 EEG Ar ousmdinifesiabas nuhdad esupling, Bx aomingan pherorienoh nar sighalp gendratedh t he
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analysis is the point on the spectral power curve of a sanple of data,
which is neasured at the 95% point on the frequency axis, where the Y axis
represents ®He frequency band power. SUBSTI TUTE SHEET (RULE 26) WD

02/ 100267 PCT/ AUO2/ PO77 r i O ' a
power spect arg%rzlvg Jc7ff q‘éﬁﬁ@?@%a‘?éép%%’ @ﬂ%ﬁg&% @ﬁ%‘lnéglwﬁéglbﬁ@gwﬁg
Handbook. Jegsdtfodacephglogr Olin N&&BP 6IVI8A P994, PRI 753 1B TAl, Ukve4 H8P478. 38.
The Fourier Transform in Bionedica ngi neering. Introduction_to the

Four i er 18 anBispeairalanalysis pking elegtigencaptilegram duringsimductipn pkanesthesia
(s ;ng‘g;t S Bﬁf%e‘r@]i&ggeg@ag@}%ﬁ%ﬁaﬂs@i& | IRy anteitQbdor.” 9R%hisThe

study, Kearse and colleagues describe: “The use of electroencephalography as

a measure of adequacy of anesthesia has achieved limited success. Our

purpose was to determine whether the non-linear properties of the

15  electroencephalogram (EEG) as defined by the bispectral index was a better

predictor of autonomic responses to endotracheal intubation during opioid-

based anesthesia than the linear statistical properties of the EEG formulated by

power spectral analysis.” “There was a significant difference between response

groups as measured by the bispectral index which distinguished responders

20 from non-responders independently of the amount of drug given. None of the

variables of power spectral analysis accurately distinguished responder from

non-responder.”

The HCM System is designed to use conventional low cost electrodes in
25  conjunction with wireless interface device to reduce the hazards and difficulties
associated with wiring patients during operational procedures. Furthermore the
HCM System utilises a unique method of displaying the charge status of the
wireless electrode module by way of simple led display representing the
available charge time, where each hour (or 2 hours) of charged usage time
30 available is represented by a LED display. The HCM System wireless device
also provides a simple fool-proof means of recharging the wireless module by

utilising a unique proximity RF charging technique.
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15 40. The Bi onedi cal Engi neering Handbook. Joseph D. Bronzino. 1995

Bi ol oectric Phenonena. Craig S. Henriquez. Chapter 11. 41. 20 The

Bi onmedi cawolngborze®r i ng Handbook. Joseph D. Bronzi no. 1995 pBrovmdiocab
Signals: Oigin and Dynam c Characterdtics; Frequency-Dormain Analysis.
Chapter 54. 42. 25 The Bi onedi cal Engi neering Handbook. Joseph D.

Bronzi no. 19Ré follnwiagt ezsra plmééntesqméxotltmmiifﬁmﬁm ef &ate 48the akewhich

Bi onedi cal Engi neerin Hﬁirildw eph D. Bronzino. 1995 30 Measurenent of
Sensor y- Mot 8¢ HICPHE Behe 8ys g%{Bamtles Chapter 145. SUBSTI TUTE
SHEET (RULE 26) WO 02/100267 PCT/ AU02/ 00776 136 44. Principles and
Practice of Sleep Medicine, Second edition 1994, Kryger Roth Denent.
Chapt er 89 %nitori ng and Stagi ng Human Sl eep by Mary Carskadon and All an

Recht sc 4 a Ref gre 6 Apal ysj s em f

Physi ol ! cEllnapkaly £ Rfa&t}#‘{brf&aré"%ﬂn? Rogdfa de}iﬁa{‘% MRt hod
for EEG ana}\ﬁéé&héglé)l SeHRy gmwdvmlmammgosngl ggzzssmgr‘Eed; igpbetralde
abstract- Johns and Burton 1989. Abstracts of Conference Manual . 15 47.

Atlas of Adindexmneriteringnioessivaflegnepmpropaial anagsthesiaeanalsiskel dicech sests

Raven Press 4 ering

Handbook. J%@%ﬂ%ﬁﬂ?&%ﬁe {1638&(35“' Oagghgl—?taﬁg‘r %)’Hﬁeﬁ( Eﬁgn&r‘%’qﬁg fgéorqggghlg?
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| nvest i %at ion of the Conpunedics Mattres
and hastened the immediate recovery after propofol anaesthesia. Detailed cost
analysis showed that the monitoring increased direct costs of anaesthesia
treatment in these patients, mainly due to the price of special EEG electrodes

used for relatively short anaesthesias.”

15 26
EEG power spectrum during repeated transitions from consciousness to
unconsciousness. R.J Gajrai, M. Doi, H. Mantzzaridis and G.N.C. Kenny.
British Journal of Anaesthesia 1998.

20 29
Moira L. Steyne-Ross and D.A. Steyne-Ross, of Department of Anaesthetics,
Waikato Hospital, Hamilton, New Zealand describe “Theoretical
electroencephalogram stationary spectrum  for  white-noise-driven
cortex:Evidence for a general anaesthetic-induced phase transition” This
25 paper describes an increase in EEG spectral power in the vicinity of the critical
point of transition into comatose-unconsciousness.
The HCM System applies the capability to predict the amplitude of an EEG
signal during administration of an anaesthetic drug as one o the weighted inputs
for an improved in depth anaesthesia monitoring system.
30
30.
Analysis of the EEG Bispectrum, auditory evoked potentials and the EEG power
spectrum during repeated transitions from consciousness to unconsciousness.
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Clinical usefulness of the bispectral index for titrating propofol target effect-site
concentration
M. Struys, L. Versichelen, G. Byttebier, E. Mortier, A. Moerman and G. Rolly
Anaesthesia, 1998, 53, pages 4-12

20
65
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Awareness during general anaesthesia: is it worth worrying about ?
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70
Women take longer to recover from operations and are more likely to suffer
side-effects than men during surgery.
20  British Medical Journal, March 23 2001.
(reference- Age March 24, 2001)

71
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30 Compumedics Profusion Software patient monitoring system.
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USA patent 5,381,804, Aspect Medical Systems, Inc January 17 1995
describes a monitor for receiving electrical signals from a living body.

15 84
USA patent 5,458,117, Aspect Medical Systems, Inc October 17 1995
describes a cerebral biopotential analysis system and method.
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20 USA patent 5,320,109 Aspect Medical Systems, Inc June 14 1994 describes a
celebral biopotential analysis system and method.
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It has been reported that Wrist actigraphic recordings may differentiate sleep
25 and wakefulness with a 94.5 % agreement with standard polysomnography

(Mullaney et al. 1980).

Other Wrist actigraphic studies studies have reported a 91.8 % agreement in

healthy subjects, 85.7 % in patients with obstructive sleep apnea syndrome,

78.2 % in patients with insomnia, and 89.9 % in children Sadeh et al. (1989)
30 (21).
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Clinical Medicine. Third Edition. a) dick Intensity. CH3, 179. b) dick
Polarity. CH8, PP183. c¢) Stinulus Delivery Apparatus. CH3, PP188. 113.

Ni euwenhqi | 9.D; Col eman, E.L.; Douglas, N.J.; Drummond, G B.; Dohan, 20
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AVPLI TUDE Om,diabd skhenhpeak-to- peak hei ght of a sinusoid, usually neasured
in volts or mcrovolts (pV). (33) Anesthesia or Noun: Anaesthesia 1. Total
or partial |oss of sensation, especially tactile sensibility,

10 90
In Australia about 1 million people a year undergo general anaesthesia. Of
these 1 million people about 5 people die each year, as a direct result of the
anaesthesia, while about 3000 more will be inadequately anaesthetised. These
people inadequately anaesthetised will experience a range of symptoms from

15 hearing recall while undergoing a medical procedure, sight recall from
premature recovery and the early opening of eyes, stress and anxiety from
experiencing paralysis while some degree of mental awareness to the medical
procedure being instigated, memory recall from having some degree of
consciousness, operation mishaps can occur in cases where the subject’s state

20 of paralysis is not adequate and leads to movement of the subject’'s body during

incision.

91

In fact, even hospitals such as Melbourne’s Alfred Hospital, which demonstrated
25 one of the world’s lowest reported incidences of consciousness under general

anaesthesia, still have an incidence rate of 1 in 1000 patients (for

consciousness under anaesthesia) (91).

Pubmed search

30 92
Up-to-date there has been no way to determine whether a patient is asleep
during a medical procedure (according to University of Sydney-Australia’s Web
site, introductory paper on anaesthesia).
Pubmed search
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nanes-or_ the nane-to,be applied to he st at r0 an ent . The
state sﬁoulﬂ,eurlor?tl'ﬁ%@retﬂ%ag'&gr"@@ GO %E?t é!‘s‘ﬁ’&’%d[@gﬁ%%q??g@?ﬁaﬁ%o?wgs
anai st hesi apgyé pslol@ionis&d saigedy) dartidilamy 8b86in andsHREs bpefdtiohs wheréhe
adjective will be 'Anaesthetic." Thus we m ght say the state of

Anaest hesi amuscle eordrantigedradenpde suting. andrsfitshiopradimoshimpossiiien from a
letter to é\[lblg{r?gings'l%}gﬁras G een Morton, who in Cctober of that year had
successful | et ed the use of ether at Massachusetts GCeneral
Hospital in Boston. Although anaesthesia is recorded ii Nathan Bailey's

Uni ver sal Et%rml ogi cal English Dictionary in 1721, it is clear that Hol mes
real |y Was $%sponsible for its entry into the |anguage. The Oxford English

Di ot i | : . . il 2 and
Taas, | nui AdpeSHERES tepf 6 BubRsimifl 1R ARIONRE b oA R R R R "
nor mal i sed 1e3G %.e Thfs plerestimaiigri hag consequEngealin relatigi toga patient Dhealth,100%

(33) BISPECTRAL I N A mitlivariate asure i.ncorporating bispectral and
time- dommi WCBXP%%E%N{;@W CPFM&%@%@@‘N'E@%) Bl SPECTRUM A neasure of
the | evel O(Abqg‘éﬁfclés%r#é'si\ﬁi%isﬂu signal, as well as the power in the

S

signal. The pectrum can be déescribed as a SUBSTI TUTE SHEET (RULE 26) WO
02/ 100267 PRUbWg028ex0T6 149

95
The challenge to monitor for appropriate or optimum anaesthesia is even further
demonstrated with classic experiments such as that of psychiatrist Bernard
20 Levin in 1965, when 10 patient's who were read statements during anaesthesia,
later had no recall of the statements when questioned after surgery. However,
of the same patient’s under hypnosis four could quote the words verbatim and
another four could remember segments, but became agitated and upset during
questioning.
25 Pubmed search

96
An adequately anaesthetised patient should not “feel”, “smell”, “see” or “taste”
anything until they regain consciousness.
30 (Age article- eyes wide shut)
Pubmed search
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measure of the actual |evel of phase coupling that exists in the EEG
signal, with the phase angles of the conponents at their actual

val ues. ( 38D I@OMRENENT One of the sinusoids summed toget herdrmw@benrsi er
series to represent a signal. (33) Qéhsci ousness Function: noun 1 : the
totality in psychol ogy of sensations, perceptions, ideas, attitudes, and
feelings of 9fhi ch an individual or a group is aware at any given tine or

ol cop. dr ali HgoRar Bukbatams Sabs Kk Moupt Siigidgicn Centragoptaaed o
whi ch one T g Highana {6F hRAP warkEN Byl BRUASNGGD BBLSIVRR. S) BT 38

ment al powers a prese <t he re o and the patient Tegai ned
consci ous nemeo&cnomswhempesquery pdtieméit alApproximstelyhifolr tdeyspafteonthes

7Y 1. Th
condi t o oPPBERY: el e tEatst B ShEl oM., Soblk ofise o ve
identity, i nab%ém pdRcRihile g wde ur&foﬁsc.o@@ddmltﬁéw*fémee? Sbidtidn. or

consi dered characteristic of i ndivid gmg Love of freedom runs
deep in theThetpatieats W@maskeduécnée@or@ato eam:ward rtbadisst werdstbat came t v:

particul ar TG, RBF7 Rind G CTAR AR Touly 0. £%; SGRh R belE 6 oey " ©
public's coagsocitme #se Word qeHid! thieh)Hest alceady4en¢¢Unt§fe&ﬂmnﬁioSeltﬁeyﬂfw
conscious. (88) EPOCH A series of successive, equal tine se

(overl a?;%l ng§obr lcowas RrrareNt hat iRe chatients dhed B@?"deéhﬁ(l{'?oﬁ”%atﬁ’ﬂv@d@d
(33) FEATU%:@ H%%?édl Rtive paranmeters extracted froma signal and

correl at ed ﬁ sonme I nformation of interest, such as a particular cerebral
state. (33) (AghRBHIER-ShRISRGIda strily esent ati on of a si gnal as a sum of

si nusoi d cogp% ents of different frequencies and anplitudes. (33) FOUR ER
A mat hemat i €3 "}ﬁC{J RAENt hat converts a time signal to its TRANSFORM
representation in ternms of the anplitudes and frequencies of its sinusoid
conponents. (33) FREQUENCY The rate at which a signal or sinusoid

oscil | al®s, 98sual |y

It appears that while a smaller number of patient’s have conscious memories of
their experiences on the operating table, a larger number have unconscious
recollections. While positive messages during surgery may have desired
consequences others can have undesirable results.

20 Pubmed search

99
The PERCLOS Monitor
Reference: http://www.cmu.edu.cmri/drc/dreperclosfr.html, 12/10/2000

25
100.
Drowsy Driver Detection System
http://www.jhuapl.edu/ott/newtech/soft/ DDDSystem/benefits.htm

30 101.
Driver Drowsiness Literature Review & Perspective; Cause, effects, detection,
PSG methods, Bio-behavioural, Physiological, safety air-bags business case,
practicality, ease-of-use, ethical implications & alarms.
Burton, June 2001.

35
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measured in cycles per second (Hz). (33) FREQUENCY A representation of a
signal in which anplitude or power is a DOMAIN function of frequency. (33)
FREQUENCYWOhe/182aTi ng i n hertz between successive val ues @®@CTIAT®2B0I6i er
SUBSTI TUTE SHEET (RULE 26) WO 02/ 100264 PCT/ AU02/ 00776 150 RESCLUTI ON
transform (33) FUNDAMENTAL A conponent of an output signal that is not an
| MP. (33) HBRTZ (Hz) A neasure of frequency; equivalent to cycles per

counl i g PIRSEPER AV EIbar A G itk ot F1a £ GOR PSS Preifnanhg
every ComponAgiarle ProRdliRipdieb DRSARIsssiARnnboament Sohgordfsaat & stéarify i on

of signal po The rfatio of the bispectrumto the square root of the
real triplewhesluceqrrelaiaorhaealysie(Biay, 2001).nor mal i zed degree of phase
couplingein the EEG range (ranging fromO to 100% is defined as the

bi coherence. System Refers to the device or apparatus form ng the basis of
i nvention. Hp3s systemtypically contains physiologically recording

capabilities for | or nmore channel s of physi olq%%i cal data, display view ng
capabi | i ti eBurtan Payig Metbpds anceficRgralie fer Mongpeng HAHRansCensciousness,

physi ol ogi ¢ . A VS lfqi api-liddes, and data
recordi ng aydsgﬁ{’:ﬂ?'\‘/’ﬂﬁg a%g'?A}sél@?@\}g?é@gg%ﬂW?‘?gg,ﬂp%riqcﬁg pur pose of
providing a device for the investigation of a patient's state of

consci o%laness or vigilance. HCM system Denotes Human Consci ousness

Moni t or f'nig sk%t- emincluding nethods and apparatus for nonitoring, sensing,

t racki ng, mldséagheﬁgq[é\ng,p | oggi ng and/ or displaying, in the context of
the present Tnvenfion, data related to the state of mnind or state of
consci ousnesffents hofmTaakd Difffeatyseand envestdy eMantalSyEfferty afeneripleral

Refers to the audio click, Leh be applied to th ient's audio ear
or ears durifr?écgﬁogﬂﬂ?tﬁ}q'nﬁﬂgkgcéf(?ﬁ#é: Kpgﬁg%g(iq&ﬂtl%menfﬁ@@t.sci ous Adj ecti ve:
Lacki ng awareness and the capacity for sensory perception; not conscious.
2. Tenporarily lacking consciousness. 3. Cccurring
15 105 !
Autonomic Activation Index (AAI) — A New Marker of Sleep Disruption.
Pillar G, Shlitner A, Lavie P. SLEEP, Vol-24, Abstract Supplement 2001.

106.
20 Lac, Leon. PAT perspective- how well is pulse wave amplitude related top
PAT?. Correspondence with DB. June 27 2001.

107.

Peter G. Catcheside, R. Stan Orr, Siau Chien Chiong, Jeremy Mercer, Nicholas
25 A, Saunders. Peripheral cardiovascular responses provide sensitive markers of

acoustically induced arousals from NREM sleep.

108.

Michael H. Pollok and Paul A. Obrist. Aortic-Radial Pulse Transit Time and
30 ECG Q-Wave to Radial Pulse Wave Interval as Indices of Beat-By-Beat Blood

Pressure Change. Psychophysiology. Vol. 20 No. 11983.
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in the absence of conscious awareness or thought: unconscious resentnent,
unconsci ous fears. 4. Wthout conscious control; involuntary or

uni nt endedo canoazatonsci ous manneri sm Noun: The di vi si on pafi/Atee/om7ad i n
psychoanal ytic theory containing el adents of psychic makeup, such as
menories or repressed desires, that are not subject to conscious
perception d409control but that often affect conscious thoughts and
behavior. Other fornms: _uncon Fscious- | -ADVE&B S BSFIT E SHEET (RULE 26)
WO 02/ 100267AHCTSIgNBD/ Bovides 1§§Wud\ﬂ@ﬂﬁ>‘/%ciq{u 83R  Qualily. ( &tgspiratory” and
Unconsciousag&ioﬁg&ﬁhgpn: adj ective | : not marked by consci ousysBmeght .
sensation, or feeling <uncon-scious notivation> 2 : of or relating to the

unconsci ous h%tg‘ :mew.*ta#kafbmtsm%g_ comAteWSHRAT ougnbphti hr ee  days>
- un-con- sci - - Un-consci ouUsness nou igilance - Alert
wat chf ulmesgHid#ao, luniiieon: 20oaun @ the quality or state of being wakeful
and alert : degree of wakeful ness or responsiveness to stinuli -
vig-i-lant |1-1&t | adjective (87) Unconsciousness Function: adjective |
not mar ked q§0conscious t hought, sensation, or feeling <unconscious
notivati on> * of or relating to the unconscious 3 : having | ost

consci ousne3saddyadicivaet olscMus BHEGS hEEG Saycessing/nandnBispeotral | Inderver b

éolri[l-ei;)n;)?ca%gg-sgess nou'nvgﬁ78)9( ?Bb%%ts_él'w'so\g?glgggan be interchanged within
10

111.
A Primer for EEG Signal Processing in Anaesthesia.
Anaesthesiology. Vol. 89(4), pp 980-1002. Oct 1998

15 112. Lippincott-Raven, 1997. Evoked Potentials in Clinical Medicine. Third
Edition. a) Click Intensity. CH8, 179. b) Click Polarity. CH8, PP183. c)
Stimulus Delivery Apparatus. CH8, PP188.

113. Nieuwenhuijs, D.; Coleman, E.L.; Douglas, N.J.; Drummond, G.B.; Dohan,
20 A. Bispectral index values and spectral edge frequency of different stages of

physiologic sleep. Anesth.Analg.

114. Kryger, Roth, Dement. Principles and Practice of Sleep Medicine.
Second edition, 2000.

25
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for "patient". Patient This word can be interchanged within context of this
docunent for "subject". Vagal nodul ati on The parasynpathetics to the heart
are cont awoad/1bo26t he vagus nerves. definition; The vagus Pa@rAl@®2/00776

Stinmul ation of these nerves causes sligvi ng of the heart while cutting the
par asynpat heti cs causes the heart rate to increase. Vagal nodul ation
relates to the nodul ation of the x ?wapls (St edmans, Medi cal
Dictionary, 2000), which in turn reI es to the slowing of the heart
(Vander etal, Human Physi ol ogy, 1970 PP 241).. Rel ationship of The

bi spectrum (@p_?ss #RY bed as a neasure of the actual level of

Bi spectrum Re Tripl e phase coupling that exists in the EEG signal, with
t he phase angles of Product and the conponents at their actual val ues.

Bi coher ence AMIBLITRHDEt ri pl e pOoeuwEif the peakdageak hefighttad ansigusoidugeslyi bl e
degree of phase coupling, whigkeasordddnnvettslor mitrovbits s €33Nngl e of each
and every conponent of the EEG were exactly identical. The ratio of the

bi spect r um tppdstiestglgar € rootNefint he real triple product, which expresses
t he nornmal i 286 edg@spe of phase coupling in the EEG range (ranging from?O

to 100% is defined as the Di tct@t@eorcpammmsa@éaaroﬁ bepatighhectikcheensibility,

patient's is entering a stat em@fjced\blﬁld\(s%a@ec r@r opgﬁbﬁb%efmoﬁﬁhch
unconsci ousness. 1/2 period Ho?éfgﬁ'n ﬁgtyoqjsso)g,a@fz Odeh a{amgghgpaﬂ,ty
for determning the stage o n&v t

STAGE 1, STACE 2, STACE 3, S

ar
26) WO 02/ 100267 PCT/ AUO2/ 007 5&&%‘% ﬁg hesl a‘f%e
of Monitoring System Bi Bi s Fg? Ag8 uc%sga ??leftt' P\Pé’%fg?‘a‘
the EEG signal. SSA Sleep St C Anlocsls regiongippr 9\%‘?'@ "\go?ré

i ndex. TUC Transition From Un@ |%ﬁ@ﬁ'@§§“@@r@6rﬁéh%@§ﬁ¥ﬁf93 eflcu

Transition From Consci ousness to Unconsci ousness
Word History:

The following passage, written on November 21, 1846, by Olive
Wendell Holmes, a physician-poet and the father of the
Supreme Court justice of the same name, allows us to pinpoint
the entry of anesthesia and anesthetic into English: “Every bod:
wants to have a hand in a great discovery. All | will do is to give
you a hint or two as to names—or the name—to be applied to
the state produced and the agent. The state should, I think, be
called ‘Anaesthesia’ [from the Greek word anaisth®sia, “lack of
sensation”]. This signifies insensibility.... The adjective will be
‘Anaesthetic.” Thus we might say the state of Anaesthesia, or
the anaesthetic state.” This citation is taken from a letter to
William Thomas Green Morton, who in October of that year had
successfully demonstrated the use of ether at Massachusetts
General Hospital in Boston. Although anaesthesia is recorded ii
Nathan Bailey's Universal Etymological English Dictionary in
1721, it is clear that Holmes really was responsible for its entry
into the language. The Oxford English Dictionary has several
citations for anesthesia and anesthetic in 1847 and 1848,
indicating that the words gained rapid acceptance

BICOHERENCE A normalised measure of phase coupling in a signal, ranging
from 0% to 100%. (33)

BISPECTRAL INDEX A mutlivariate measure incorporating bispectral and time-
domain parameters derived from the EEG. (33)

BISPECTRUM A measure of the level of phase coupling in a signal, as well as
the power in the signal. The bispectrum can be described as a

SUBSTITUTE SHEET (RULE 26)



10 G Al Conprehensive Integrated Anaesthesia index. The main function and
out put of the ADVMS. DQOA Depth O Anaesthesia. CALPAT Calibrated Patient
(val ues) .wo@1@ab7 brated Patient. 15 | DDZA I npirical DataPDrsyiloagoZene A.

| DDZB I npirical Data Display Zone B. 149 DDZC I npirical Data D splay Zone C.
| DDZD I npirical Data Display Zone D. CPDZA Calibrated Patient D splayZone
A. 20 CPDZB Cal i br at ed nizdsuzetof Dies ptiaplenel & phasexoplag ithataardstsPathent

Di spl ayZone C. CPDZD GHG kigratdviflatheephadd amdley 8bthee CompBEkISi at@asir br at ed
Patient data for Transigcha vhluas.(@Bgonsci ousness to Consciousness for Bi.
25 CPTUCAEPI Calibrated Patient data for Cl260Transition from

UnconsgpemgaiTt o Comre efHiResiRusdids Suinpiedodeth<eHil dssuidraldriesab ed

Patient Transition fro bmgﬁfsglsa@p_e to Consciousness for SSA. FE
For ehead El ectrodes BEéEOG El ect oocg‘gl%czgr am The study of el ectrophysi ol ogy

eye "ﬁé@F@PhSﬁégsf ace elﬁgﬁgﬁen@”gnal S (which show rapid activity with WAKE

and eep stages). ‘ﬁﬁ;i RO c8Matims! PEr HsOeas

el ectrophysi ol ogy surf ag; C . §§ e : @i ( \
PR e e e

el ect rophysi ol ogy eye RbFBMEINe SHVIENTR tgr“éﬁgé & ifgﬁ s<!aI © \Eﬁ?é@o how
rapid activity wth WARENSHPUINRSS, SHEh 868 dregip hpPRASIS FePRRvel  C
Consci ousness U Uncon$:diB@8hess TSW Transition from Sleep to Wake 45 S1
WS SSA Stage | Wake t @ :3vakipg life (as that to which one returns after sleep, trance,

or fever) in which one's normal mental powers are present <the
ether wore off and the patient regained con-scious-ness>

3 : the upper part of mental life of which the person is aware as
contrasted with unconscious processes (87)

1. The state or condition of being conscious. 2. A sense of one's
personal or collective identity, including the attitudes, beliefs,
and sensitivities held by or considered characteristic of an
individual or group: Love of freedom runs deep in the national
consciousness. 3a. Special awareness or sensitivity: class
consciousness; race consciousness. b. Alertness to or concern
for a particular issue or situation: a movement aimed at raising
the general public's consciousness of social injustice. 4. In
psychoanalysis, the conscious. (88)

EPOCH A series of successive, equal time segments (overlapping or
contiguous) into which the data series x(k) is divided. (33)

FEATURES Descriptive parameters extracted from a signal and correlated
with some information of interest, such as a particular cerebral
state. (33)

FOURIER SERIES A representation of a signal as a sum of sinusoid components of
different frequencies and amplitudes. (33)

FOURIER A mathematical process that converts a time signal to its

TRANSFORM representation in terms of the amplitudes and frequencies of its
sinusoid components. (33)

FREQUENCY The rate at which a signal or sinusoid oscillates, usually
measured in cycles per second (Hz). (33)

FREQUENCY A representation of a signal in which amplitude or power is a

DOMAIN function of frequency. (33)

FREQUENCY The spacing in hertz between successive values of the Fourier
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Bnre Body Movenent Event Detection of Body Movenent (BM relates to a

physi cal novenent of the body such as detected by a pressure or vibration
sensitiveweangaens? Bm Body Movenent index 50 Ae Arousal perstozdeoesal
refers to physiological events as cansbe cause by the Central Nervous
System (CNS), and may not al ways constitute a body novenent detection. A

Ar ousRESONIdERON DZ D sipingfordo(83)Di spl ay Zones (DZ) of display represents
the zones of the ADMS display where defined phases or states can be

nmeas UrIgRDANBENTALhe cr X tdrpodritifan altpassighaltthatis nodtaadMp.q38PZCT) of
di splay represents the values which are desired to be displayed in such a

manneHERpy (HRp user h&sn@as%nﬁrf&ﬁﬁjewbwemvélén% EyiegTBéesedthdd(33) ay

for exanpl e) conpared to less critical splay zones. In_the present

i nvengEAn e @. lity éxmeagured dbe.ww& 80§%le degdree pf Rhage §9uag;n9
SUBSTHR, {55% g F)RUL E thé)watsl oesulif ey plresse anple/@iGPB andsa/efynes” and in
particular the cri’'ti calcodipopeniozasighat were paagily idablicatt [ttis aldgoah t he
context of a subjects dundtientofsighadpstvest Thegatid of thenlsispectsumde ¢her
unconsci ous/ sl eep. CD @quarnioobef thebre@Dikighe pfaduct whiPaexpréssbattiae AEPI

(Val ue) | DAEPI | npiri GrimbRted] dédtee(ofphded coupid\irihe BEGaahgEtanding TCU

of AEPI. Current Data Fn%h?b%otmob lig gbfind@ 2% IRE bidohdterdde® data val ue.
CDTCUBIi Current Data for TCU of Ié@ Current Data refers to | at est anal ysed

| 10 t dat I
A5 oy Tt ol oA o ;ggéﬂmnhw o
SSA. Current Data refef e{\é Paté1 go ?
CPTUCSSA Cal i brat ed Pat¢¢a '"Bcﬁapﬁ e EBH%‘& %'Ogt?a

Consci ousness for Sl eefia&: ;55%? )Qﬁwl pgpab| ities for viewing or rewewmg one or
more channels of phySIoIoglcaI data, data analysis and

reporting capabilities, and data recording and archiving and
retrieval capabilities, for the purpose of providing a device for
the investigation of a patient’s state of consciousness or
vigilance.

HCM system Denotes Human Consciousness Monitoring system including
methods and apparatus for monitoring, sensing, tracking,
analysing, storing, logging and/or displaying, in the context of
the present invention, data related to the state of mind or state
of consciousness of human and other sentient subjects.

System- generated Refers to the audio click, which can be applied to the patient’s
audio ear or ears during an operating procedure, for example.

Unconscious Adjective:

Lacking awareness and the capacity for sensory perception; not
conscious. 2. Temporarily lacking consciousness. 3. Occurring
in the absence of conscious awareness or thought: unconscious
resentment; unconscious fears. 4. Without conscious control;
involuntary or unintended: an unconscious mannerism.

Noun:

The division of the mind in psychoanalytic theory containing
elements of psychic makeup, such as memories or repressed
desires, that are not subject to conscious perception or control
but that often affect conscious thoughts and behavior.

Other forms:

un-con'scious-ly —ADVERB
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CDTUCAEPI Current Data for TUC of AEPi. Current Data refers to |atest

anal ysed real tine data value. 20 CPTSWAEPI Cal i brated Patient for

Transi ti owoGenoexkt State from Sleep to Wake for AEPi . DZPETRWpenssc Zone
Transition Formul a Zone A Patient enmdfyi ng from Consci ousness to

Unconsci ousness. Zone B Patient in unconscious state. 25 Zone C Patient in

unconsci ous state. Zon n m Unconsci ousness to
Consci ousness. CAl V\#%%ﬁf&:ﬁ?u%ﬂ%@sﬁgb@gr{éépf rom WAKE to (sl eep-stage

, 3 48r RE%@ ref 3 4, FunctioA2atliectivent ext Anal ysi s Change from sl eep- st age
1 tO ZSOR REMnéﬁﬁa&eﬂ@r&ns@%Mﬁﬁoﬁgm,%éhsm ysifseligange from
sl eep- stage 2 to (3 R PRsdbus fiotivatiors 9 30 CAAWES Cont ext Anal ysi s

Change from sl eep-stage 3ytsr @%tw uh8bnsbidus: 9 CASWS Cont ext

Anal ysi s Change from sl3ee,|:|)a\ﬁ %ﬁg"&% ?ng} gow @%Eext

Anal ysi s Change from sl
CA7S>W Cont ext Anal ysi S e fro e stage 4 to (WAKE or 1 OR 2 OR
3)ref 3,4,8,9 CA8S>WCdm‘é "SARUY Vs Cz é‘r’n from sl eep-stage 3 to (WAKE
ORI OR2 )ref 3,4,8,9 3’5‘%%‘99\‘1‘ ﬁ?%Q?”’A sis Change from sl eep-stage 2
to (M affe 1) r ef 3, 4, g AlertwatefulRess 88kt Anal ysi s Change from sl eep-stage
I E ref 3,4,8,9 \ﬁumﬂ@nmwre STGL Stage 1 of Sleep STQ& Stage 2 of
Sl eep 40 STG3 Stage 3 ofthsiquality b aate of hgingiweketdll and alerkr BEMESt Gfge of

Sl eep YRepresents st ar twakefaloeseot ssspassigppessbsimull psuedo codi ng or
l'ines of program code. -NRENahtpiikhe dladfetie @Tpet applied for zone A 45

| DOB enpi ri cal Data O frgi{ctisRPhdjetijeor zone B I DOC Inpirical Data O f set

appl | BHCPRICIUSHESE | DD 6mhé+k%|bﬁ%n%cgd§tﬁbu§ﬁp|sbﬁ§aﬂdﬂ of&ding | DC

| mpirical Data Conscio Unconsci ousness.. 50 BM M
Body Movenent Ml ti - zo t A ltj? &E&&Yfked Potential Transition
Formul a Bi TF Bi cohere cehl I on SATE Slfeeﬁ1 S&agl ng
Anal ysis Transition Fo vmg consc1ousness was un- c n-scious for thre

- un con scious-ly adverb
- un-con-scious-ness noun (87)

. This word can be interchanged within context of this document
Subject gt e
for “patient”.

Patient This word can be interchanged within context of this document

for “subject”.

Vagai modulation

definition: The parasympathetics to the heart are contained in the vagus nerves.

The vagus nerves. Stimulation of these nerves causes slowing of the
heart while cutting the parasympathetics causes the heart rate to
increase. Vagal modulation relates to the modulation of the vagus
nerves (Stedmans, Medical Dictionary, 2000), which in turn relates to
the slowing of the heart (Vander etal, Human Physiology, 1970 PP
241). .

Relationship of The bispectrum can be described as a measure of the actual level of
Bispectrum, Real Triple phase coupling that exists in the EEG signal, with the phase angles of
Product and the components at their actual values.

Bicoherence . . .
: The real triple product is a measure of the magximum possible
degree of phase coupling, which could result if the phase angle of
each and every component of the EEG were exactly identical. The
ratio of the bispectrum to the square root of the real triple product,
which expresses the normalized degree of phase coupling in the EEG
range (ranging from 0 to 100%) is defined as the bicoherence.

CONTEXT Refers to whether the patient's is entering a state of

ANALYSIS consciousness or emerging from unconsciousness. 1/2 period
amplitude analysis (ref 3,4,8,9) is a method for determining the
stage od sleep a subject is in. Stages include WAKE, STAGE
1, STAGE 2, STAGE 3, STAGE 4 AND REM SLEEP.
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EESM El ectronics El ectrode and Sensor Mdul e 55 SUBSTI TUTE SHEET ( RULE 26)
WO 02/ 100267 PCT/ AU02/ 00776 154 CLAIMS 1. Method of nonitoring

consci ouswesr/1af26a sentient subject and autonatically detreatAuvgovtiet her
the subject is in a transition fromdszonscious 5 state to a |less
conscious state or vice versa, by reducing effects of frequency based
changes in neurol ogical data fromthe subject, said nethod including: (i)
obt ai ni ng aABBREVATIONS fromthe subject; (ii) performng a frequency based
anal ysi s onADM® EEG si gnal Anaﬁstf‘@ba@emhaffﬂoretqu*@rﬁyytemased signal; 10 (iii)

per f or £g Bi phase based aR&P 's'"d:% the EEG signal to obtain a

phase- basedBsi gnal ; (i v) d aﬁ'&‘?r?fé’ﬁ’?@g?'% Lfr equency based signal
and the pha A based S|gna Lot is in transition fromsaid
consci ous s e to said Iq, s, g %}ﬁ@ sﬁeé%rto&br%‘éloé( Ls&; and 15 (v)
provi di ng apagrni ng signal eséﬁljn@or‘%@lbﬁ% nsition to said
consci oyp stgdje. 2. Method C@n‘ﬁ r‘éh sﬂ;@ Iﬂtébr E@Aﬁﬂe@th&!’bﬂﬁ@xnﬁ@hﬂmfm&ﬁ%@éﬁﬁy
based anal ysis includes degpitophepbfBP anal ysis and sai d phase-based

anal ysis i npowdes at 20 | eagth OpAsaesthesipt i m zed bi coherence, bi spectrum or
triple prodGétPanal ysis. 3CalptébBetiastdesidtishg to G aim 2 wherein said depth
of sleep an&Pysis i ncl ude&alsaied Patiget. opti m zed R&K anal ysis. 25 4. Met hod
accordifﬁg t & Pal m1l, 2 or '@'W@%@H'SE'QY@@tAep of detecting is augnented
with optimi BAEP anal ysi #ﬂplr!?a{sgﬁ% E'Sg} ing to any one of the

preceding ¢ i ncl udi ng at g the or each analysis to
parameters gpgehfic to sai '?Im ieht &%A30 body mass i ndex, age and

sex of i dcppbgect. 6. l\/EbE péﬁll’e&q:ﬁ yPGheds.NON- st ationary si gnal

i ncluding segpegts having Cb|mgt&ﬂsét,@g mgmgyg@fer@ay ng anplitude representing
physi ol ogi cebbgbar act er i st Calbrated PaiestDMpignéneTUb] ect, said segments

I ncl udi ng pGPTUORIS i N whi cBalibeatel Ratignialata FGUIBSHEtidhfdm SHEEB'cmid'a’h&le t6) WO

02/ 10022657 PCT/ AU02/ 00776 CBsciousness for Bi.

“*1%\

CPTUCAEPI Calibrated Patient data for C1260Transition from Unconsciousness to
Consciousness C1230 for AEPi.
CPTUCSSA Calibrated Patient Transition from Unconsciousness to Consciousness
for SSA.
FE Forehead Electrodes
30 EOG Electrooculogram

The study of electrophysiology eye movement
surface electrode signals (which show rapid activity with WAKE and
REM sleep stages).
EEG Electroencephelogram
35 The study of electrophysiology surface
electrode signals (electrical muscle energy, which decreases with
sleep state).

EMG Electromyography
The study of electrophysiology eye movement surface electrode signals

40 (which show rapid activity with WAKE and REM sleep stages).

SPL Sound Pressure Level

C Consciousness

u Unconsciousness

TSW Transition from Sleep to Wake
45 S1w>S SSA Stage 1 Wake to Sleep

Bme Body Movement Event

Detection of Body Movement (BM) relates to a physical movement of
the body such as detected by a pressure or vibration sensitive sensors.
Bmi Body Movement index
50 Ae Arousal event
Arousal refers to physiological events as can be cause by the Central
Nervous System (CNS), and may not always constitute a body
movement detection.

Ai Arousal index
55 Dz Display Zone Display Zones (DZ) of display represents the zones of the
ADMS display where defined phases or states can be measured.
DZCT The critical Display Zones Critical Threshold (DZCT) of display

represents the values which are desired to be displayed in such a
manner that the user has an expanded viewing range (on meter

60 display, for example) compared to less critical display zones. In the
present invention the ability exists to define these said "critical display
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changes fromincreasing to decreasing anplitude or vice versa, said nethod
I ncluding: (i) detecting each segnent by determning tinme instants when a
time derweoakitveenf said signal is substantially equal toPraraj02®0176i )
perform ng syntactic anal ysis for eadR3segnent including assigning height,
width and error parameters; (iii) identifying noise segments present in

sai d signal by conparing sered" and iit fartjsalpathe cricalidsplay penes ean ahamgsssiibjeet taind
said error paraneter to sab@lhtmﬁogmtqﬁaﬁabm%‘?wem@"(’P%ﬁtst{a@ﬁﬁf\/l ng sai d noise
segment s by repl aci ng eachc?fﬁé'ﬁltsr"’quéar HPROSEFIOUSiSISARNt with a substantially

stralgh V) sortlng ts into a plurality of
vvfavebian b ,Q on t heir ﬁ”(ﬁgﬁ'@t gizggﬁ% (vi) classifying said
signal as to ones £ elative
frequency o occurrence of re%a F,E]bgt ggu sflﬁnssg?rcrfwag%g% é’qﬁé&gnﬁ%ﬁgt hod of

noni toring ghysuml ogi cal Cb@fr@fﬁb%w&tm@ﬁofgf Gur@fDatLiterstt RitedCdnalysétbietidi Ng:
20 appltyd ng a first surfacemeldsgtveinde to said subject to provide a first

el ectrical ®gnal to a renbhgricaiddetd or i ng appar at us; applying ,a second
surface el elAEPile to sai d $uddjicedata wiysrfonAlde a second el ectri caI signal to
sai d rermt elDBbni t ori ng appirrincaPataefiietfendin ng ual ity of said f

S8R T e e 1 ST AR ¢y of

el ectrlﬁ SP§REPSANd i n tﬁé”@\?dp f‘lf%TC?é"’

first t |1 d | | f
L3 gtar o G g i, e
qual ity of ggrdcagsond e' %ﬁﬁédtﬁ OO ABP E éétgréié’rékdlétxst%fualﬁ%d first

el ectrical srgnal, providi pgy 8meWah i Si gnal . . A method according to

claim 720/meCﬁT§Wﬁ§Pid secondarR6d PR férsrra&@msaedontém etaste%rrcblédprtswaeé et rode.
SUBSTI TUTE SHEET (RULE 26) A¥®. 02/ 100267 PCT/ AU02/ 00776 156 9. Apparatus

for processbEQFa non- st ati OisplayZgiedinaisitibmEdrodiang segnents  havi ng
i ncr easi ng @ Alecr easi ng &n?!ﬂnt enriging fegen BarsgiolsngshinEreiseigisaess-

Zone B Patient in unconscious state.
25 ZoneC Patient in unconscious state.
Zone D Patient Transition from Unconsciousness to Consciousness.
CA1TW>S Context Analysis Change from WAKE to (sleep-stage 1,2,3,40rREM) ref 3,4,8,9
CA2W>S Context Analysis Change from sleep-stage 1 to (2 OR 3 OR 4 OR REM) ref 3,4,8,9
CA3W>S Context Analysis Change from sleep-stage 2 to (3 OR 4 OR REM) ref 3,4,8,9
30 CA4W>S Context Analysis Change from sleep-stage 3 to (4 OR REM) ref 3,4,8,9
CA5W>S Context Analysis Change from sleep-stage 4 to REM) ref 3,4,8,9
CAGS>W Context Analysis Change from sleep-stage REM to (WAKE OR 1,2,3or4)ref 3,4,8,9
CA7TS>W Context AnalysisChange from sleep-stage 4 to (WAKE or 1 OR 2 OR 3)ref 3,4,8,9
CA8S>W Context Analysis Change from sleep-stage 3 to (WAKE OR 1 OR 2 )ref 3,4,8,9
35 CA9S>W Context Analysis Change from sleep-stage 2 to (WAKE OR 1)ref 3,4,8,9
CA10S>W Context Analysis Change from sleep-stage 1 to WAKE ref 3,4,8,9
W Wake State
STG1 Stage 1 of Sleep
STG2 Stage 2 of Sleep
40 STG3 Stage 3 of Sleep
STG4 Stage 4 of Sleep
REM REM Stage of Sleep %Represents start of comments, as applicable to
psuedo coding or lines of program code.
IDOA Impirical Data Offset applied for zone A
45 IDOB empirical Data Offset applied for zone B
IDOC Impirical Data Offset applied for zone C
IDOD Impirical Data Offset applied for zone D
IDC Impirical Data Consciousness.
IDU Impirical Data Unconsciousness.
50 BM-Mz Body Movement Multi-zone sensor
AEPITF Audio Evoked Potential Transition Formula
BiTF Bicoherence index Transition Formula
SSATF Sleep Staging Analysis Transition Formula.
EESM Electronics Electrode and Sensor Module

55
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characteristics of a sentient subject, said segnents including portions in
whi ch said signal changes fromincreasing to decreasing anplitude or vice
ver sa, sawo 0o2Ao@pparatus including: (i) nmeans or a detect ipag/Aaaoperient for
detecting each segnment by determningtine instants when a tinme derivative
of said signal is substantially equal to zero; (ii) neans or a dividing
conponent f @LAlMS8 ding said signal into said 10 segnents including data
over three consecutive tine instants when said tine derivative is equal to
zero; (iii) neans or an assigning conponent for assi gni ng to each segnent,

height, widyh ang;&rpqr o‘?anﬁ‘z‘g‘ﬁi&f{@ édn‘é):ioggﬁés% opf 28 s gﬂéhlf Y4 &O'E?ﬁlne”t

for |dent|fy|ng noi se segne in saird srgnal including neans or
conpari ng cauanetidallyodetectinmwhethérothe sdjdrtde gmentransition rahh 2 q:m'm:lm,tser to

mehns. orSa. SEBPT o UIRSIU Bete BTGt eas BY FoH LG geisn SLTPRLSTRN ng.
means or a %@é&'cﬁﬁgbéﬁjﬁﬁm&alfdﬁa froRpihel stip Aélﬁ %ldgﬂeﬁbﬁ%tﬂﬁémg' ne

connecting first an time instants when the tinme derivative sai d
signal is substafi)i al loptaigingl an EELesignalfcomdbhesubject r eassi gni ng conponent

means or & sor 11 N confORERINd & MeaPEndl Eaed, g BnERd Yoo,

plurality ofohtdi@ fesqsndyasasbdogighdle vaI ue of their wi dth paraneter, each
25 wave band bei ng defined by upper and | ower frequencies correspondlng to

| oner ah@ upper \@a) uei’efofmtﬂﬂea\nh@ﬁﬁ hesed anabrsis o8 e HE/a|sjgnal e optain y

nmeans or a ¢l onent for classifying a tine interval of the
si gnal dat a(bh%§ aéﬁg n%%[rg one of predefined sleep states based on

r gl ative fr equer(wydofdemntimgrtgnc@mpérmgmtb Be@nmamysbaseossxgdawmdethleme 30
1 Appar at according to cl In sald t rivative i

Zer 0 nhen s BPEed G OhaiRgEShe BUBIRG & BARFHGM (U8 19 onsREs Steaor
from negati Wrs 7 (RULE 26) WO 02/100267

PCT/ AU02/ oo%gj 're%?eﬁ’%[&b%gngr%g?ﬁyc-agccor%:ﬁn? to claim9 or 10 wherein each
hei ght paranet er (V)s qm:svujnmgoa ivarning signat whgn saichsebjagis df saiddrarisifioal tos

vari ati ons between the f.i
sald conscious sta e

2. Method according to Claim 1 wherein said frequency based analysis
includes depth of sleep analysis and said phase-based analysis includes at
20 least one of optimized bicoherence, bispectrum or triple product analysis.

3. Method according to Claim 2 wherein said depth of sleep analysis
includes real-time optimized R&K analysis.

25 4. Method according to claim 1, 2 or 3 wherein said step of detecting is
augmented with optimized AEP analysis.

5. Method according to any one of the preceding claims including means for
adapting the or each analysis to parameters specific to said subject including
30 body mass index, age and sex of said subject.

6. Method of processing a non-stationary signal including segments having

increasing and decreasing amplitude representing physiological characteristics
of a sentient subject, said segments including portions in which said signal
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and second tine instants when the tine derivative of said signal is
substantially equal to zero, and the second and third tinme instants when
the tine weriezuei2eve of 5 said signal is substantially eqwalt/Aw2ner7e. 12.
Apparatus according to claim9, 10 or1511 wherein each width paraneter is
assigned by cal culating an average tine interval between any data point

wi thin the shgnges fiond ircreesingdot decreasinyaarnplittde drheice iveesalesaid anethmdof
said 10 si gnall&%,s substantially equal to zero, said intervals being

wei ght ed ac¥s Y to the signal's variation between each respective data
poi nt and an adj ggent gdaldlingRA sAERNy Hetchimike aRinkiaits Whehaitimshen
the tinme derivative of said signal “1s substantially equal to zero. 15 13.
Appar at us adedvaiiveyot saidsignahis ifbstantially etpiat to 2eToivherein said error

par amet i s assigned by. cal cul ati,ng.an_averag eviaiiqn t ween current
si gnal %ta and ﬁ@st QPé‘RE{T““&at %ﬁﬁ@&lc aag?lé'ﬁ'ﬁl ef??n?a?htﬁe\g ien 1AF‘°'R§1§&% at us
accordi ng t @saignirkeight, QlidthrendlérrbPpddnvdiersei n said neans 20 for
identifying noi'se _segnents includes nmeans or a testing conponent for,
testing each segfiht idendibtieg faike iseomentsvpdeseidn 5aid esignal Py Lompaiindsai d
preset thr I I i jt i et er
By at 1 cast SA¢ uBderpire (i RRESRLHEbNDR, o Seld B dhrdfich 1 3R
clains 10 t peight\plaedraetersai d neans for reassigning repeats a procedure of
reassi gni ng segnents and their  paraneters and sai d neans for bstituting
per for mid a subst (Vb i SAMAKNG) Said Nois Seoraspfihy EeRIREING deach Kealiied neiseq
signal. 30 g? n@ﬁ@@\fitﬂ%’&@s‘iéﬁﬁﬂﬁy%ﬁ&ﬁfﬁé'one of clainms 10 to 15 wherein
sai d neans gr classifying i ncludes” nmean$ or a conparing conponent for
conparing to a fvesesottimge telrdmaihing ssegmertisgimieda qautalityatof omgvetiands
occurrences,of sai se nts in,said wavebands. SUBSTI TUTE SHEET ( RULE 26)
WD 02/ 1002672889 PR 95"@‘8&%@3@%@@3 adnar at us according to any one of
claims 10 to 16 iyl UdiREITRGSaIQ signall 4¢ DelGRAIRS to hedBd PESRRS Blbep
conponent for detecting and processing artefact ~patterns in said signal,

i ncl udity ostates hased on:retativesireguencie obmectaeae? iafgsaidngrareantst ivr said
detecting f&&r\/ gaéggval s in 5 said signal; neans or a third detecting
conmponent f § ing intervals in said signal having a relatively sharp
sl ope, being intervals in which variation in said

7. A method of monitoring physiological characteristics of a sentient subject
including:
20 applying a first surface electrode to said subject fo provide a first

electrical signal o a remote monitoring apparatus;
applying-a second surface electrode to said subject to provide a second
electrical signal to said remote monitoring apparatus;
monitoring quality of said first electrical signal and in the event of a
25 degradation in said quality of first signal;
automatically substituting said second electrical signal for said first
electrical signal and in the event of a degradation in said quality of said second
electrical signal and in said quality of said first electrical signal, providing a
warning signal.
30
8. A method according to claim 7 wherein said second electrode is spaced

from said first electrode.
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signal exceeds a first threshold over a tinme interval equal to or shorter
than a second threshold; 10 neans or a fourth detecting conponent for

det ect i ngworeanozat s i n said signal having a relatively nacmowopeeks bei ng
intervals in which the width paraneti® is equal to or less than a third
threshol d and the height paranmeter is equal to or greater than a fourth

t hreshol d; @nd nApparatus gof i grobesking cd inup-statipeargnsighal intdudioyi segraehtsr
non- 15 physi ol ogi.cal pattern, in said,signal. being conbi.natiqns.of .
segnent s haBﬁWQQa '“%eéﬁwgan%f‘%eBﬁﬁ'iea(?fngon%r,np{'wgeségﬂ’é‘?ﬁeé’t'f‘ﬂ tFﬂE’Stogﬂ@Pﬁ'at i on
bei ng | ess _bRamcidifics & RESnht sBbRlct didsceslirfdlilAg PRt irdwhkh t he
conbi nation by at |east preset ratios. 20 18. Apparatus according to any
one of cl ai saidisigna chiangas Ifion inpreasing to deareasing ampbiudetarnicemersa; saidssi ng

conpone for detecti ﬂﬁt.and processi ng wave patterns characterized by
mi ni mum<anpPPPAFUSKE' YA mum and naxi num durations, including: neans or a

sevent h det ecti ng) conpieBtoff 8/deligéthR) coMpanést Pr detedtiigeeséah sehnidie byave
pattern as a sequence of one or nore segnments which starts at a first time

i nstant of detarmining digne instamisrvhen ianbmgeaderivative of said signal i spkstantially
substanti al Ia Slﬁg%erép zero and ends at a second tinme instant of the | ast
segnent whe 988 ‘erivative of said signal is substantially equal to

zero, or starts #f) thenesggomdatdividingnsdrmponenit fonelifidingt s&l0 sigateinto shiein t he
time derivative of said signal is substantially ua] to, zero and, ends at
a thirdQingegmentsminchiding, aﬁ%wegy@'ﬁ@n‘%OWEHhYﬁgﬁﬁ tha'ﬁér"f’%ﬁ Seld ﬁ'F"esai d
signal is s | al F@% to zero, with the total signal variation of
at | east thggﬁ%m@égﬁg I'tu 8: duration of at |east a preset SUBSTI TUTE
SHEET (RULE 26) WD 02hisama6at drCasgsiybipgaonmeonent fordssigniog to kachisegment,
duration, | Ess haig t he maxi num du&gt_i on and the rmaxi mum deviation froma
monot onous BREGNLEVIGH 2pd PHREPAEMEIEIR: share of the total variation. 5 19.

Appar atus accor dijpg t tedndi 3P dididentifyikly BEMPBABAL foF iddhtfyiag Nbistes6Gimbnts
conponent for detecting a start and 'end of a nmain wave of the wave pattern
by subEequimsaitosignal swiuding maans e CORPEsingl ePropoRerteiar £anopaIHIg fore

stone, of " ABRHLRoROMRISIN, BhrdRERF o P BRGSH Aibdiy Shd Wi
updati ng copreifsier t®said height parameter;
(v) means or a removing component for removing said noise
segments including means or a substituting component for substituting a
20 straight line connecting first and third time instants when the time derivative of
said signal is substantially equal to zero and means or a reassigning component
for reassigning segments and their parameters after the substitution;
(vi)  means or a sorting component for sorting the remaining segments
into a plurality of wave bands based on the value of their width parameter, each
25 wave band being defined by upper and lower frequencies corresponding to
lower and upper values for the width parameter respectively; and
(vi) means or a classifying component for classifying a time interval of
the signal data as belonging to one of predefined sleep states based on relative
frequency of occurrence of said segments in said wave bands.
30
10.  Apparatus according to claim 9 wherein said time derivative is equal to
zero when said signal changes its direction from positive to negative or from

negative to positive.
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10 updating the core interval if the deviation of the slope and nmaxi num
deviation fromthe nonotonous change do not exceed respective preset

t hreshol dwp candv2a7 total updated duration is equal to at Ipeastuoaoprreset
share of the mninmum duration and i d57Tess than the maxi num duration. 15
20. Apparatus according to claim 19 including nmeans or a ninth detecting
conmponent fdr. detApparatgs aoeoading wo clainke9vervi:s wherdih eeachvieeighbipammetby is

subsequent testing of sequences of conbinatiqns pf segnent di d
St Sk S oSSIERG o 8o e 905 2 AR SetuB o %
Appar at us a%fnﬂrsfﬂc@) dttﬁnéﬁrﬁtﬁhtﬁvhéﬁﬂf&ti 8d@?ﬁéﬁ@é‘oﬁ@éi@dﬁ@g@%s%Gbst'éﬂfiéliy"gz

into a plurality of wave bands Is based on the detecte e patterns.
Appar at us aegoabiozeropand thersd@ndiand thirdoime insinisevhensthiedtime alesivative of

classifying includes nmeans f.or co ring to preset threshold val ues of
wei ght e 2§aﬁﬁﬁgpﬂ'§?i58ﬁ§t%5'}'a'bégﬂﬂgl ARG 0f said segments in said wave
bands, artefact patterns and wave patterns. 23. Apparatus according to any

one of clainms 10 to 22 including neans or a tenth detecting conponent for
det ecti ng pdRi odiApPpesatus aesording te séaims 9.e10 ogd 1whereimeash widthi parameter

frequenci es Al i ! 0 i LoC i Qg

means o a SretioPHy BrRsiihe A SiotaBl b HhEvaChetiRE ah) datd St

Qgg’oer of segtmentiss s&yBEMt ahd = &Eﬁﬁ {iReLihstem} _\MP@rOWef ﬂﬂﬁéﬁ:krﬂ@?’:fgé\w%[&o?m
means or  an_ assi gni ng conponent for assigning for eac onbi nation, an

aver age!Omi ﬁlQﬂﬂH%\ﬁﬁigﬁﬁﬂ?ﬂ{Yﬁ 111350 A '@%W%%P?H@eweiﬂw(ﬁﬁﬁ?@'ﬁwmi mim

per i 0d; meaqs, arard kadbiidd biiker? SABORENeckil dafi bl drit 4 adRIEhRESta S
pecitie of ap

anplitude exceeds a s m ni num a I tude eriodi c pattern;
means or a peidmbaresittoribe secpoddime frstanteghemthea timehderiviativenohsaithsighalde

exceeds the . m ni num. |ityde by not nore than a specified ratio; neans or
athird testd ﬁ&%ﬂﬁ&p&ﬂu#ng?%’sti ng i f the frequency corresponding to
the average period is equal to or greater than the mnimum 10 frequency of

the periodic pattern and is equal to or less than the maxi mum frequency of
t he per19di d3pat tpparatueaansoming ooy pne et ¢laigns dAplonta avherein saish ermgr | f

:)g(rai SEXLSU rr?g %{hg%rti%g%ssigﬁé)&tﬁ)iyn%fcaﬁti% an %%Pégse %fé\:/%?ﬂﬁ BQﬁ/één”icﬂHEht

signal data and past signal data over a signal time interval.

14.  Apparatus according to any one of claims 10 fo 13 wherein said means
20 for identifying noise segments includes means or a testing component for
testing each segment to determine if its width parameter is less than said preset
threshold and its error parameter is less than its height parameter by at least a

preset ratio.

25 15. Apparatus according to any one of claims 10 to 14 wherein said means
for reassigning repeats a procedure of reassigning segments and their
parameters and said means for substituting performs a substitution until no

noise segments are identified in said signal.

30 16. Apparatus according to any one of claims 10 to 15 wherein said means
for classifying includes means or a comparing component for comparing to a
preset threshold values of weighted combinations of occurrences of said

segments in said wavebands.
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specified ratio; 15 means or a joining conponent for joining conbinations
of segnents, which conply with the above criteria; and neans or a first
cl assi fyiwg ocanpeenent for classifying a time interval of PCTes@®RgomEb dat a
as belonging to one of predefined stdt®&s on the basis of a conparison of
the value of a weighted conbination of durations of a plurality of 20 wave

bands, artefgct pﬂqdéiasatrms auvdraing o Ayt eiensf gains 20toridsincludingi@anssoreet to
a different val ue depending on the total relatjve duration of periodic

patterns wilf$fi deteping apd Nracessing componaphiar getectinacandiprecassingnarteligst of
clainms 10 t | | cl assifyi ng conponent for
cl assifyi ngcb#irﬂr]riﬂ %@%?@Jﬁgﬁayﬂ@g&nﬁgﬁ ﬁ@g?gﬂas bel ongi ng to one of
predefi ned stat esneans be hascendidedectimgpeomponerdf for rdeteeting flabintarvats ght ed
conbi nat'éon of durations of a plurality of wave bands, artefact patterns
and wave pats_@?rﬁ'gn 'th a decision boundary which is set to a different
val ue dependi ng QReAME dr 04 hird S etebiify Cohddrent Gbr RRASAMGC iMeheR 1e siid hi n
the time 30 interval, if the difference between the val ue and the decision
boundary i s signallhaving arrelgtivalysharpstope, hedg interralsaingvhichoraristinerinisgid  on

or coai ng_ oSNl RUERGS & st Mrbabday SVl e el AL SRAEP o it el '

al ready cl asgcbh@thragfoldhe di fference between the respective values is
equal or less than the specified margin, or otherw se, if  SUBSTI TUTE SHEET
(RULE 2@9 WO 02/ 10827 op@T foulp detecting quam@r@trf%ﬂﬁé@@ﬂ%ﬂntsa@%@ tsﬁfdough

the data, an:l i | d, : hS C hapn of
this val ue \r/%vllq%l?%ﬁ%sﬁo@?t%%ﬁ%{@ﬁég@%b bae ?Iﬁ%penf%v\évﬁ]:?g %éﬁgﬁﬁg on
the total r¢arhmeterdsieguabto of legsithanliachjrdtthesheldvandtie height parametet & val .
5 25. A sensor for detecti g pofsit'hgg OE E{; eﬁe lid including: first neans
or a novabl &%§ Wegﬁeagﬂatg B@ feyrthdlresegis @At i al Iy with said eye lid and
relative t0 a SeGRighdiegnsy Ofife RSURGC LOMIBRAR Tor AectiRANSINGF Aofl onal

provi di ng conponent for providing an efectrical signal 10 1ndicative of the
posi ti ohbof phasiblddicaltpattesndn rseiidiisignal,t eisgicomidnatiahsneaegmeutshhavingta sai d

yelia. 26, WOt ARG o o <oRinelou et e Toelion et Ioe Indh o

nmeans are respective total duration and signal variation of the combination by at least

preset ratios.

20 18. Apparatus according to any one of claims 10 to 17 including means or a
sixth detecting and processing component for detecting and processing wave
patterns characterized by minimum amplitude and minimum and maximum
durations, including:

means or a seventh detecting component for detecting a core

25 interval of the wave pattern as a sequence of one or more segments
which starts at a first time instant of a first segment when a time derivative
of said signal is substantially equal to zero and ends at a second time
instant of the last segment when a time derivative of said signal is
substantially equal to zero, or starts at the second time instant of the first

30 segment when the time derivative of said signal is substantially equal to
zero and ends at a third time instant of the last segment when the time
derivative of said signal is substantially equal to zero, with the total signal

variation of at least the minimum amplitude, duration of at least a preset
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15 electrically coupled such that said coupling provides said neasure of
position and/or degree of opening of said eye lid. 27. A sensor according
to cl ai m&B @no®267 wherein said first and second nmeans ar ecpravwededsby
respective arnms connected for rel ativé novenent. 20 28. A sensor according
to claim27 wherein said arns are pivot ably connected to each other. 29.
A sensor acehate g the @i duratidd, Wess ¢han dae maximiumcdurstiomanadsthe
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15 20. Apparatus according to claim 19 including means or a ninth

detecting component for detecting one or two side waves of the wave
pattern by subsequent testing of sequences of combinations of segments

preceding and following the main wave for the signal duration conditions.

20 21. Apparatus according to claim 18, 19 or 20 wherein said means for sorting

into a plurality of wave bands is based on the detected wave patterns.

22.  Apparatus according to claim 18, 19, 20 or 21 wherein said means for
classifying includes means for comparing to preset threshold values of weighted
25 combinations of occurrences of said segments in said wave bands, artefact

patterns and wave patterns.

23.  Apparatus according to any one of claims 10 to 22 including means or a
tenth detecting component for detecting periodic patterns with specified
30 minimum and maximum frequencies, minimum amplitude and minimum number

of waves including:
means or a selecting component for selecting combinations of a

specified number of segments;
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means or an assigning component for assigning for each
combination, an average, minimum and maximum amplitude and an
average, minimum and maximum period;

means or a first testing component for testing if the average
amplitude exceeds a specified minimum amplitude for a periodic pattern;

means or a second testing component for testing if the maximum
amplitude exceeds the minimum amplitude by not more than a specified ratio;

means or a third testing component for testing if the frequency
corresponding to the average period is equal to or greater than the minimum
frequency of the periodic pattern and is equal to or less than the maximum
frequency of the periodic pattern;

means or a fourth testing componenet for testing if the maximum period
for a combination of segments exceeds the minimum period by not more than a
specified ratio;

means or a joining component for joining combinations of segments,
which comply with the above criteria; and

means or a first classifying component for classifying a time interval of
the signal data as belonging to one of predefined states on the basis of a
comparison of the value of a weighted combination of durations of a plurality of
wave bands, artefact patterns and wave patterns with a threshold which is set to
a different value depending on the total relative duration of periodic patterns

within the time interval.

24. Apparatus according to any one of claims 10 to 23 including means or a
second classifying component for classifying a time interval of the signal data as
belonging to one of predefined states on the basis of a comparison of the value
of a weighted combination of durations of a plurality of wave bands, artefact
patterns and wave patterns with a decision boundary which is set to a different
value depending on the total relative duration of periodic patterns within the time
interval, if the difference between the value and the decision boundary is equal
to or greater than a specified margin, or otherwise, on the basis of a comparison
of this value with the respective value for the preceding or following time interval
providing that that interval is already classified and the difference between the

respective values is equal or less than the specified margin, or otherwise, if
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after subsequent passes through the data, an interval is still not resolved, on the
basis of comparison of this value with a threshold which is set to a different
value depending on the total relative duration of periodic patterns within the time

interval.

25. A sensor for detecting position of an eye lid including:
first means or a movable component adapted to move substantially with
said eye lid and relative to a second means or a reference component; and
means or a signal providing component for providing an electrical signal
indicative of the position of said first means relative to said second means, such
that said signal includes a measure of position and/or degree of opening of said

eyelid.

26. A sensor according to claim 25 wherein said first and second means are
electrically coupled such that said coupling provides said measure of position

and/or degree of opening of said eye lid.

27. A sensor according to claim 25 or 26 wherein said first and second

means are provided by respective arms connected for relative movement.

28. A sensor according to claim 27 wherein said arms are pivot ably

connected to each other.
29. A sensor according to claim 27 or 28 wherein each arm includes a
capacitive element arranged such that the extent of overlap between the arms

determines the coupling between the capacitive elements.

30. A sensor according to claim 29 wherein each capacitive element includes

one plate of a capacitor.

32. A sensor according to claim 29 or 30 including means for measuring

capacitance between said capacitive elements.
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32. A sensor according to claim 27 or 28 wherein each arm includes an
inductive element arranged such that the extent of overlap between the arms

determines the coupling between the inductive elements.

33. A sensor according to claim 31 wherein each inductive element include a

coil.

34. A sensor according to claim 32 or 33 including means for measuring

inductive coupling between said inductive elements.

35. A method of monitoring consciousness of a sentient subject substantially

as herein described with reference to the accompanying drawings.

36. A method of processing a non-stationary signal substantially as herein

described with reference to the accompanying drawings.

37. A method of monitoring physiological characteristics of a sentient subject
substantially as herein described with reference to the accompanying drawings.

38.  Apparatus for processing a non-stationary signal substantially as herein

described with reference to the accompanying drawings.

39. A sensor for detecting position of an eyelid substantially as herein

described with reference to the accompanying drawings.
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