WO 2010/ 148452PCT/ AU2010/ 000795 1 A NEURAL ANALYSI S SYSTEM FI ELD 5 The
present invention relates to a neural analysis systemfor generating and
anal ysi ngvoava/isggdecat i ve of a nunmber of di sorders usi n@CT/AU2010/000795

el ectrovesti bul ography. BACKGROUND 10 Systens have been devel oped to obtain
an auditory evoked response (AER) or brainstem auditory evoked response
(BAER) froma patient that represents activity of the patient's auditory
system The AER is an electrical brain wave or neural response obtai ned
fromel ectrodes placed on the patient in response to a stinmulus, normally a
sound. Depending on the |latency of the response and the placenent of the

el ectrodes, different classes or types_of 15 AERs can be obtai ned. Those

with the shortest |atency ard %ﬁ%éﬁ@y‘fﬂﬁs‘f(ﬁﬁg\qear and the auditory

nerve, and are referred to as el ectrocochl eography ("ECOG' or "ECochG')
responses. The next response reflects activity within the auditory
brainstemMERELDs referred to as an auditory brainstemresponse (ABR).
Further detail is provided in Hall, James W 111; Handbook of Auditory
Evoked Responses; Allyn and Bacon; Needham Hei ghts, 20 Massachusetts, 1992.

El ect r og OCIHeqReHcAPIY efiicH R Hestb @ feufd] QRAlL s Updshn fer Rekftnadd asd1psiAs dah t he
cochl ea and vestibul ar apparatus. In the case of the vestibular system

recent |y dndicgtsiefpgumber of diserdersiusingplectiovestibalogeaphlias been referred to as
el ectrovesti bul ography (EVest@, being a distinct 25 variant of ECOG The
systens are used to produce a patient neural response which involves

pl aci ng a BACKGROUNI ectrode as close as practical to a patient's cochl ea.
An acoustic transducer, eg an earphone, can be used to provide an auditory
stimulus to evoke the response. For EVest G the patient can be tilted, in

appar af s, ST R oot BofXE18 SREF R SFAIGSEO0RRL SRILE TRER) OF b
, pparatus. It s not

necessary auditedyseyoked raspomgdiBAER) fromnailpatsentt shat Feprstddts Actdiityt afrtbe patient's

auditory system. The AER is an electrical brain wave or neural response obtained from

electrodes placed on the patient in response to a stimulus, normally a sound. Depending on

the latency of the response and the placement of the electrodes, different classes or types of

15 AERs can be obtained. Those with the shortest latency are generated by the inner ear and

the auditory nerve, and are referred to as electrocochleography ("ECOG" or "ECochG")

responses. The next response reflects activity within the auditory brainstem and is referred

to as an auditory brainstem response (ABR). Further detail is provided in Hall, James W,

III; Handbook of Auditory Evoked Responses; Allyn and Bacon; Needham Heights,
20 Massachusetts, 1992.

Electrocochleography systems are currently used to perform diagnoses of the cochlea and
vestibular apparatus. In the case of the vestibular system, recently analysis for this specific
part of the ear has been referred to as electrovestibulography (EVestG), being a distinct
25 wvariant of ECOG. The systems are used to produce a patient neural response which
involves placing a recofding electrode as close as practical to a patient's cochlea. An
acoustic transducer, eg an earphone, can be used to provide an auditory stimulus to evoke
the response. For EVestG the patient can be tilted, in different directions, to evoke a
specific response from the otoacoustic apparatus, but predominantly the vestibular
30 apparatus. It is not necessary to also use an auditory stimulus for EVestG. A distinct

EVestG signal, similar to an ECOG signal but representing the neural response from the



EVest G signal, simlar to an ECOG signal but representing the neural
response fromthe WD 2010/ 148452PCT/ AU2010/ 000795 2 predom nantly

vest i bul avoappanstsas, is used to determ ne an Sp/ Ap rat PoTHARb100@OTIBEe used
for the diagnosis of a nunmber of conditions, particularly Meniere's

di sease. The first wave, normally | abelled NI, of the response signal is
exanm ned to determ ne the summating potential (Sp), the action potenti al
(Ap) and the second sunmating potential 4Sp2), as 5 shown in Figure 1. The
response is only of the order of a few V'and is received with considerable
unwant ed noise nmaking it difficult to determ ne and isolate. International
Pat ent Publication WO 2006/ 024102 hy Monash University describes an E
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boser | pes Bhtngiah KL i Besbbo AR i BE v i pr e PR eRta S
represent ighgwa iRUTRGE 10F Th %&‘Eaﬂfs@r@ ohff oft ih%r&&%f%‘fe’iw ﬁszsaafd atReeived With
filtered el ect rovestl bul ograp response signals. To assist with

i dentifi caxonsdemblealnwad@dmmeen@klmﬁ 1t difticelt tdaterminmendiselpisdegener at i ve
di sorders, particularly those associated with the central nervous system
(CNS), it would be 20 advantageous to provide at |east a useful alternative

or in par tihteshaionalnPateiy Pilslitatiys tWd 20@8/0245 0abbye Mehasih Alnis@sity les@ibedlan
event data and the biol ogi cal marker data and produce djsplays or plots
whi ch ar e BGPE tystest waetiact Beyral eieat datatthafcqandigsused to rdiepis ahsthenpmsgsono
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25 SU ng t o one aspec presen ntion t
provi ded aiamawméseamg yisd SpBystatin) anchal TAP ngarker that can beausedutoaindeatnthe
extractor for gegfrgl g Sp/ Ap curve data and field potential data for 30
backgr oundT&THCT ®i & M'8P"%esponse segnents obtained froma person; a
correlator for correlating the Sp/ Ap curve data and field potential data
with
International Patent Publication WO 2008/144840, also by Monash University, describes a
15 neural response system for generating biomarker data representing a number of biomarkers

for time segments associated with filtered electrovestibulography response signals.

To assist with identification of a wide variety of neurological and neurodegenerative
disorders, particularly those associated with the central nervous system (CNS), it would be
20 advantageous to provide at least a useful alternative or in particular an improved system
that is able to analyse the neural event data and the biological marker data and produce
displays or plots which are able to clearly correlate distinctions in the data obtained to

indicate the presence or absence of a condition or disorder in a patient.

25 SUMMARY

According to one aspect of the present invention there is provided a neural analysis system,
including:
a neural event extractor for generating Sp/Ap curve data and field potential data for
30 background and initial response segments obtained from a person;

a correlator for correlating the Sp/Ap curve data and field potential data with



WO 2010/ 148452PCT/ AU2010/ 000795 3 pat hol ogy data for a condition, and
generating bi omarker data points for axes of a biomarker display; and

a di spl aywooduw/es{fser provi di ng di splay data to generat e PChawWB@oeryswi t h
said points for use in assessing said person relative to said condition. 5
Accordi ng to another aspect of the present invention there is provided a
neural analysis system including: a neural event extractor for
processi ng signals representing a responge froma person's vestibul ar
apparatus, to generate Sp/Ap curve data and field potential (Ap) loci for
10 tinme segnents; a correlator for correlating the Sp/ Ap curve data
and the Ap |l oci ohtained froma per$on's r.ight |l eft sides with awg;age

popul at i orPathelogy datayfor gaicandiign.agnd generaiing ‘é‘ggr &r datas poigkiy f¥e R 40

correl ati g, ﬁk%“hﬁﬂ 9 dSP/ Ap curve data and the Ap loci, respectively;
and 15a display no f& For presenting the first and second correlation data

for respective aadiggapmodulsi forrptavidingldisplapyataAc gonatateghe displap iy sasbpaots of

t he prese i nvention there is i ded . .al | ysi t hod, f d
by 2 compUPEFSeST SHERng HiR AET IB0Sn SHAE PRI UG Ap curve data and field

potentiql data for background and initial response segnents obtained froma
person; correlating the Sp/Ap curve data and field potential data with

pat hol ogy Aksoeding o anetherlaspeeinoft e paeseptainyenficihiicrels rravided @i prugalfagalysives

of a biow%rser Qiﬁﬁﬁ /; and generating the display with said

poi nts forYUs® 1§ as 3ssing said person relative to 25 said condition.

BRI EF DESCRI PTlzOhewpkl Etrnt RRAWNETSor procBssirige sipaals erepredentingt 3 redponsee fiomesent

i nvention are hereinafter described,ﬁ@g

r ef er ence REBSON§YCHERMANFRAYIRHY, @QreshFTd p/%ép%{e _a?a z?n)ziaf[mll %ot%Qtlin’(A\% }orcl:i for
10 time segments;

a correlator for correlating the Sp/Ap curve data and the Ap loci obtained from a
person's right and left sides with average population Sp/Ap curve data and Ap loci to
generate first and second correlation data for the Sp/Ap curve data and the Ap loci,
respectively; and

15 a display module for presenting the first and second correlation data for respective

axes of a biometric display.

According to another aspect of the present invention there is provided a neural analysis
method, performed by a computer system, including:
20 generating Sp/Ap curve data and field potential data for background and initial
response segments obtained from a person;
correlating the Sp/Ap curve data and field potential data with pathology data for a
condition to generate biomarker data points for axes of a biomarker display; and
generating the display with said points for use in assessing said person relative to

25  said condition.
BRIEF DESCRIPTION OF THE DRAWINGS
Preferred embodiments of the present invention are hereinafter described, by way of

30 example only, with reference to the accompanying drawings, wherein:

Figure 1 is a representation of Sp, Ap and Sp2 points related to the first wave of a



Figure 1 is a representation of Sp, Ap and Sp2 points related to the first
wave of a WD 2010/ 148452PCT/ AU2010/ 000795 4 general i zed ECOG response

si gnal frwonzan/ k&3S system and defines the summati ng potremtAr@bs/Bproand Sp2
and the action potential Ap; Figure 2 is a schematic diagramof a
preferred enbodi nent of an EVest G system connected to a patient; 5Figure 3
IS a representation of a raw EVest G signal produced by a tilt sequence of
the system Figure 4 is a diagram pf a neural event extractor and a
neural event extraction process perforned by an anal ysis nodul e of the
system Figure 5 is an architecture diagramof filters and a segnentation

conmponent

f the 1 t Fi ' ' f .
Genr at od sy PoRliisponse Sgnd Fomtar ECOEshug 1 PR afF ohmmating
bi omar kerspo@&ialsrsg)danfdrs?f@&attﬁe Qc'iﬁﬁ%?efn@igl_ Xpth an EVestG plot;

Figure 8 is a dia

ram a neural analysis process perforned by the

anal ysi s 15 nodiipered isthscheygtiedjagram of aRirgfigrred @mbedimatit 2§ anh \Ofst@ system

bi omar ker
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di spl ay, generated by the EVestG system for patients with
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generatgd by t hggi¥estsG rpetadd ofRtaveBVEstd difnaViprddriced aﬁdi tieas@ence of

20Figure 11 is a diagram of a biomarker display generated
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syst em f orthpatstemt s wi t h Schi zophreni a;
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Figure 4 is a diagram of a neural event extractor and a neural event extraction
process performed by an analysis module of the system;

Figure 5 is an architecture diagram of filters and a segmentation component of the
system;

Figure 6 is a diagram of a Sp/Ap curve generated by the system;

Figure 7 is a schematic diagram of biomarkers obtained from data associated with
an EVestG plot;

Figure 8 is a diagram of a neural analysis process performed by the analysis
module of the system;

Figure 9 is a diagram of a biomarker display generated by the EVestG system for
patients with Parkinson's disease; .

Figure 10 is a diagram of a biomarker display generated by the EVestG system for
patients with Meniere's disease;

Figure 11 is a diagram of a biomarker display generated by the EVestG system for
patients with Schizophrenia;

Figure 12 is a diagram of a biomarker display generatéd by the EVestG system for
patients with depression;

Figure 13 is a diagram of a biomarker display generated by the system for patients
with Meniere's disease and Parkinson's disease;

Figure 14 is a diagram of a biomarker display generated by the system for patients
with Parkinson's disease and schizophrenia;

Figure 15 is a diagram of a biomarker display generated by the system for patients
with Meniere's disease and schizophrenia;

Figure 16 is a diagram of a biomarker display generated by the system for patients

with depression, bipolar disorder and Parkinson's disease;



Figure 12 is a diagramof a biomarker display generated by the EVestG
system for patients with depression; Figure 13 is a diagramof a
bi omar kerwoi2splayssgener at ed by the system for patients PeTwiuzbioMeoriosr e’ s

di sease and Parki nson' s di sease; Figure 14 is a diagramof a

bi omar ker di splay generated by the systemfor patients with Parkinson's

di sease and schi zophreni a; Figure 15 is a diagram of a bi omarker

di splay generated by the systemfor patignts with Meniere's disease and
schi zophrenia; 30Figure 16 is a diagram of a biomarker display generated by
the system for patients with depression, bipolar disorder and Parkinson's
di sease; WO 2Q10/148452PCT/ AU2Q1Q/. 000795 5 Figure 17 is di agram of
5 biommr ker df SSPUS |ddn 8RR ) S amaer sy eopsrpied iy dheien SrdEhST

bi pol ar divagy 8igkes3ifl, HBBIaLtRoRleHAREARRiere's discasé;l Jure 18 is a diagram of a
bi omar ker displlay generated by the systemfor patients with depression and

schi zophr eni a; Figirgu8ds adlidgsam ofliadiemankerf displpy greeriied bulitbpbysieny éorenaticetd by
t he system.ﬁ_g arinﬂ!ﬁggti ents wi.t h Parkinson's di sease before and after
medi cat i on"! resSionand SRR i ent s Figure 20 is a diagramof a
bi omar ker  di splryureg96E atdsbriv dfhebisafeimdisplayCnpatddty terysiom qatpasngs
with patients with depression and bipol ar disorder both before and after

t r eat nent patiemnigwithdiaskinsom sadiseasgyprdeieand aftgmsdication, vbnormal gontodtipgtieds:21 i s
a diagram of a i di . . f l Se th
a maj or depr essﬁ%‘g%dggé erd &gtea%.&g%‘@ég‘%ﬁg&%% %I)érz%?tg?ri @fé%? %Sﬁ% fof!
DETAI LED [bfpktif téNral pafiente étht pavieats twikiu e spmyandBipsiaGlisendst bothzhefars
shown in Figure 2, provides a neural anal ysis, syst hat is able to
generat e @Pgla%‘i té%ﬂtmﬁ%tr%é}g,traé‘fcrﬁ?léﬁ‘é‘?&@f‘F Sﬂwt%éﬁfﬁ%n‘f‘?%g over 5,000

bi omar er ”aniglﬁefzﬁqgw h otk HomsRELEsEy bendrAka byRh@Eystdn Fér pHR¥RRENL S
inatilt chair 6. The biomarker data is generated t%ﬂ@g gnal processing

anal ysi s ofittvesjosdsprgsalsdiserdduca depresseap end bipodartdmserdari nul us provi ded by
the involuntary tilts. :

DETAILED DESCRIPTION

15  An electrovestibulography (EVestG) system 2, as shown in Figure 2, provides a neural
analysis system that is able to generate biological marker, or biomarker, data representing
over 5,000 biomarker measures from a patient 4 subjected to involuntary tilt movements in
a tilt chair 6. The biomarker data is generated by signal processing analysis of EVestG
signals produced in response to the stimulus provided by the involuntary tilts.

20 -

An EVestG signal is obtained from electrodes 10, 12 and 14 electrically connected to an
amplifier circuit 22 of a computer system 20 of the system 2. A first electrode 10 (eg a
ECochG Electrode produced by Bio-Logic Systems Corp) is placed on the tympanic
membrane of an ear of a patient 4. A second electrode 12 is placed on the patient's

25 earlobe, as a reference point, and a third electrode 14 is connected to the patient's forehead
and to the common point of the amplifier. A shield connection 16 is also made to an
electrical isolation shield 18 normally placed around the testing room. The shield 18 is
connected to the shield of the amplifier 22. The testing room is a sound attenuated booth.
The booth may include the amplifier 22 with the rest of the computer system 20 placed

30 outside the booth and connected to the amplifier 22 by a USB connection.



20 An EVest G signal is obtained fromelectrodes 10, 12 and 14 electrically
connected to an anplifier circuit 22 of a conputer system 20 of the system
2. A firswoebsemsssde 10 (eg a ECochG El ectrode producedPloy/ARi20H0L000196
Systens Corp) is placed on the tynpani c nenbrane of an ear of a patient 4.
A second el ectrode 12 is placed on the patient's 25 earl obe, as a reference
point, and a third electrode 14 is connected to the patient's forehead and
to the common point of the anplifier. Agshield connection 16 is also nade
to an electrical isolation shield 18 normally placed around the testing
room The shield 18 is connected to the shield of the anplifier 22. The

testing rgomis a sound attenuated hooth. The bopth may .include. th
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2010/ 148452PCT/ AU2010/ 000795 -6 The patient 4, as shown in Figure 2, is
pl aced on stbjectching Be tesinig eyslea Elaskriqally posieragetib redpirs havebeen regifically
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predeterm ned set of involuntary tilt sequences. 10 A hydraulically
actuated chair 6 is used and configured to ensure stray electric fields
caused oy A hgdaafital 2utbd €heirtd iCaledSAIdY QoS R bRsuBe Isthp*lRHicARelddr as
possi bl e from being generated in the testing booth. The hydraulical Ity
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EVest G response signal, as, shown in Fjgur . The tilt sequences., perforned
by the chdtht eé’rcé%{%‘ﬁlt P fift g SROGISE H%\PL'%H’@SE‘%Eﬁ%‘ F‘L‘sﬁ?BH% si g]ﬁ%lt‘ltg’b?rap ed
I's divi dedehih@esl arelpovPQfatidnt Uprig REHHR Préne) bl%?w&rﬁ?b‘hcﬁ,qgsith@erﬁl?g&ﬁﬁﬂ’at%l,
i ncreased.” The néural response produced on électrodes 10 to 14 is
cont i nuoushy reteGar (atemypright 48 mos)em 2. The EVest G neural response signal
for e%(ﬂ tilt is atime domain voltage signal having multiple frequency
conpo ts. The main conponents of interest are up to 22,500

The tilts each produce a raw EVestG response signal, as shown in Figure 3. The tilt

sequences performed by the chair 6 are controlled so that the EVestG response signal
obtained is divided into 15 time epochs or segments, but this can be reduced or increased.
The neural response produced on electrodes 10 to 14 is continuously recorded by the
25 system 2. The EVestG neural response signal for each tilt is a time domain voltage signal
having multiple frequency components. The main components of interest are up to 22,500
Hz. In particular the Sp peak (depending on the signal to noise ratio (S/N)) is only a few
samples wide. Accordingly a sampling rate of 44.1kHz is required during the test cycle as
this rate has sufficient sensitivity to recognise and record this event with adequate accuracy
30 by the system 2. This sampling rate can be higher than 44.1kHZ, and the system 2 would

then require faster signal processing components. The seven tilts are performed with two



Hz. In particular the Sp peak (depending on the signal to noise ratio
(S/N) is only a few sanples wi de. Accordingly a sanpling rate of 44.1 kHz
IS requi rwo 2duri4sg2t he test cycle as this rate has suffiPCTaR209e087195i1 vi ty
to recognise and record this event with adequate accuracy 30 by the system
2. This sanpling rate can be higher than 44. 1kHZ, and the system 2 woul d
then require faster signal processing conponents. The seven tilts are
performed with two WO 2010/ 148452PCT/ AU2010/ 000795 sets of el ectrodes 10
to 14 positioned respectively for the left ear of the patient and the right
ear of the patient. This provides left and right data si rrultaneously for

each ear for each of the seven tilts. Both ears ested in both am ¢
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by conparison of eac e s response in simlar excitatory or inhibitory
phases of eaoke ob6theosdven tdﬂs tBugh leafstaratebtadi igt’hotbtdgaammsemdcste(tm puoed ofal tijt

vesti bul ar) appar at uses rsa i t th | ti
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of the Hrahay orYl@%\’féal ns PRBEhcB By IcehiatissH ofdslasmid@'rssesgsumtsrrmmfextmgﬁy &ni ng
can occur, (e.g. Par ki nson's 10 di sease). The sequence for each tilt

is to recdrlhllbftplﬁ/sphgseﬁ 0<Pf 20e swcotgs afi the fefie ap@t sighit ofoacquiskc ¢ (predogtagntly
resting the %uﬁ%@%ﬁara e% n§15chave[}§cihltyrﬁss¥eqaﬂgd § nt:f’mg :gi'll st & l(sgtroorjsgéanQG)

si gnal seg =20 Secon | S 'seghe es a

segnment whiifferehseslinSeveked respohbe beweedh aach )heﬁﬁsip(héret of tH&ebnam; wiceade sofne
tilt. The patlent |s then tilted through 45 to cone to rest r 2to 3
seconds. 'F}‘FPEO logicals léﬁrdéﬁsé%yr?‘@ffy K gHBREONIDY cAgr 0qeub ol Bt ?fdgarké‘ﬁoBﬁset
transi gy Qfgggl) segnent 406 for t=20-30 seconds, and steady state (SS)
segrrent 40 t =30- 40 seconds. The sem circular canals of the ear
function to detect the onset of head novenent, and by anal ysi ng

appr oxi matiﬁl}’ney sequesn%g grdesac tl?t ?0 recgrgafllrstti rr2(aesgco%[ds twq{% tge patlent in the tilt chair
resting the head/neck against a neck rest and recording a background (BG) signal segment

402 for t=20 seconds. This segment 402 includes a BGi segment which is 1.5 seconds

15 immediately prior to the occurrence of tilt. The patient is then tilted through 45° to come
to rest after 2 to 3 seconds. This gives an onset (On) segment 404 for t=20-25seconds, an
onset transient (OnT) segment 406 for t=20-30 seconds, and steady state (SS) segment 408

for t=30-40 seconds. The semicircular canals of the ear function to detect the onset of head
movement, and by analysing approximately 5 seconds from a signal recorded at the onset

20 of the head tilt (the On segment) assists with determining the response generated by the
semicircular canals. The onset response includes two additional segments, the movement
(OnA) segment 410 and the post movement (OnB) segment 412, which occur at t=20-23
seconds and t=23-25 seconds respectively. The OnA segment 410 can be divided to
provide an additional OnAA segment 413 for the first 1.5 seconds after tilt and an OnBB

25 segment 415 for the next 1.5 seconds after tilt. The OnAA and OnBB segments are
selected to be 20-21.5 and 21.5-23 seconds respectively for increased separation of the
acceleration and deceleration components that these segments respectively represent. The
times are selected to take into account latency of the hydraulic chair 6 of 0.6-0.8 sec, and

can be further subdivided into smaller segments (e.g. 21.5-22.25 and 22.25-23 seconds) for

30 further discrimination. These segments include responses produced predominantly by the

semicircular canals and the otolithic organs. The driven semicircular canal response ceases



20 of the head tilt (the On segnent) assists with determ ning the response
generated by the semcircular canals. The onset response includes two

addi ti onawozegmestss, the novenent (OnA) segnent 410 andPCHAROBY000MTenent
(OnB) segnent 412, which occur at t=20-23 seconds and t=23-25 seconds
respectively. The OnA segnent 410 can be divided to provide an additional
OnAA segnment 413 for the first 1.5 seconds after tilt and an OnBB 25
segment 415 for the next 1.5 seconds aftgr tilt. The OnAA and OnBB segnents
are selected to be 20-21.5 and 21.5-23 seconds respectively for increased
separation of the acceleration and decel eration conponents t hat these

Zcoount 1 AEhayust Oieonipard g oR the B Dgeeomys 8ra BErc TR GORSHFTBLAT B her
subdi vi ded, it fhnSiaRt d(ﬁ{T)Wﬂﬁssdéc‘ﬁy G obstrved?2 ?rh8 ténd o?g?ang rithe DRPRES, for

30 further discrimnation. These segnents include responses produced
pr edomi narfuhgtidnytot meintamistitic callamce,cembalsncandiiringesteady| wrtidirectiongamgveriéngs.

driven se |rcu r.ca responsgceas 010/ 148452PCT/ AU2010{ 000795
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t her ef 03 e EQRREAIST1BE oRFItHID BrgdnS Sdpatdia@si ent (OnT) where this decay is
observed. The otolith organs, on the other hand, function to nmaintain

static bal ance, or bal ance during steady uni di rectional novements. The
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the response produced can again be segmented in a similar manner. The segments for the
10 return part of the tilt sequence:
(i) ~ Upwards Onset (UpOn) 420 for t=40-45 seconds;
(i1) Upwards Onset Transient (UpOnT) 422 for t=40-50 seconds;
(iii)  Upwards Steady State (UpSS) 424 for t=50-60 seconds;
(iv)  Upwards Acceleration (UpOnA) 426 for t=40-43 seconds;
15 v) Upwards Deceleration (UpOnB) 428 for t=43-45 seconds;
(vi)  UpOnAA 427 for t=40-41.5 seconds; and

(vii) UpOnBB 429 for t=41.5-43 seconds.

The upOnAA segment is selected to be 40-41.5 seconds for increased separation of the
20 acceleration component, and the upOnBB segment to be 41.5-43 seconds for increased
separation of the deceleration component. Again the times are selected to take into

account hydraulic chair latency of 0.6-0.8 sec.

The seven tilt sequences, or tilts, are:

25
(1) Up/Down. The chair 6 is moved so as to accelerate the patient's body vertically
with patient's head in a normal upright position, and then returned.
(i1) Up/Down Prone. The chair is moved so as to accelerate the patient's body
vertically with the patient's head and body in a prone or lying down position,
30 and then returned.

(ili) Forward/Back. The patient's body is tilted from a rest position backwards

?



original position. The patient is returned to the original position over 1
to 2 seconds and the response produced can again be segnented in a simlar
manner. TWo 208gesses for the 10 return part of the tilt PSEpIRNBA00TOF)
Upwar ds Onset (UpOn) 420 for t=40-45 seconds; (ii) Upwards Onset Transient
(UpOnT) 422 for t=40-50 seconds; (iii) Upwards Steady State (UpSS) 424 for
t =50- 60 seconds; (iv) Upwards Accel eration (UpOnA) 426 for t=40-43 seconds;
15(v) Upwar ds Decel eration (UpOnB) 428 f_ogf_t:43- 45 seconds; (vi) UpOnAA 427
for t=40-41.5 seconds; and (vii) UpOnBB 429 for t=41.5-43 seconds. The
u]POnﬁA segm&*ntI Is selected to be 40-41.5 seconds for increased separation
of the 20 acceleration conponent, and the upOnBB segnent to be 41.5-43
seconds for incred¥eueisendp 407 -GRd thenipirpgdee eratiog conponent. Again the

times are Segeyt _ef;%smgte}aa.kerﬂe AeMGaRIAY s MiAed throGglt D8ts 4k feBREY jfRilalrdily0- 8
sec. The seven'ti sequences, or tilts, are: 25 %I) Up/ Down. The chair 6
is noved so as totateeletrade],od plani returnesl: Koty eleetrodecH) isyn thictlpft part the titt' s

head i I i gh itj .apd, th ; d i) U P :
The chair 15 movedt Bonadetl Benabeiis Sk Rahs SEREAFSEng St ooy BlTR JF Ch
the patsent’'s heagggnd body in a prone or |ying down position, 30and then

returned. (iii) Forward/Back. The patient's body is tilted froma rest
posi ti on backwar d§ontralateral. The patient's body is moved 25 to 45 degrees contralateral to the

electrode 10, and then returned. For instance, if the electrode 10 is in the left
ear, the tilt is to the right and the patient is returned. For the right ear the tilt is
to the left.

10 (vi)  Rotation. The patient's body is rotated between 45 and 90 degrees to the right,
and then returned, with patient's head in a normal upright position.

(vii) Rotation Prone. The patient's body is rotated between 45 and 90 degrees to the
right, and then returned, with the patient's body in a prone or lying down
position.

15
During all movements the head and neck are not moved relative to the body. The whole
body is moved to reduce muscle artefacts. Alternatively, the tilts may be performed by
having the subject lie down on their back and tilting their body through ipsilateral,
contralateral, vertical and backward directions. These tilts produce fewer muscle artefacts

20 particularly for the ipsilateral and contralateral tilts.

The computer system 20 of the EVestG system 2 includes the amplifier circuit 22 and a
communications module 24 for handling the data output of the amplifier 22 and then
storing the response as a voltage signal over time as a wave file using a computer program
25 such as Adobe Audition provided by a capture module 26. The amplifier 22 includes a
CED 1902 isolated pre-amplifier circuit and a CED Power 1401 analogue-to-digital
converter (ADC). Both the CED 1902 and CED 1401 ADC are produced by Cambridge
Electronic Design Limited. The CED 1401 ADC has an excellent low frequency (less than
1 Hz) response. The computer system 20 further includes an analysis module 28 and a
30 graphics display module 30. The analysis module 28 provides a neural event extractor 400

and includes computer program code (eg. MATLAB® code) responsible for performing a



WO 2010/ 148452PCT/ AU2010/ 000795 9 through 25 to 45, and then returned. (iv)
| psilateral. The patient's body is noved through 25 to 45 degrees

i psi | at erwiDI291001@845ke el ectrode 10, and then returned: | PCrhazeiowoorsde 10
isinthe left ear the tilt is to the left then the tilt is back to the
right. For the right ear the tilt is to the 5right. (v) Contral ateral. The
patient's body is noved 25 to 45 degrees contralateral to the el ectrode 10,
and then returned. For instance, if theglectrode 10 is in the left ear,
the tilt is to the right and the patient is returned. For the right ear the
tilt is tothe left. 10(vi)Rotation. The patient's body is rotated between
45 and 90 degrees to the right, and thgp returned, with patient'.s head in a

normal upmeHR exe extigption PracyssRNEER o ﬁep‘ﬁ%r.aﬁPﬁé‘OBata? SREWR 1B JgurE h 1n
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patient's body 1n a prone or lying wn position.” 15 During a novenent s

t he head amchbeeokdidfeeemdilteroused to dllwr itheeresportsh signeldsampless asdiscassbd dglovs

noved to redu nuscle artefacts. Alternatively, t tilts be p or med
by havi ng ﬁﬁ%%ﬁﬁ%’j‘%&ayl ‘inglug?) © BT of Qﬁeagyﬁ%{ﬁéq il%ﬁl%e‘n Ofsﬁg?%p?)%sgyoef{ﬁfhf ough
i psi | ater ghateRtdcabRt&hpdnenksstith Muradndemaskaedch stogst i ons. These tilts
produce fewer nuscle artefacts 20 particularly for the ipsilateral and

contralateral tilts. The conputer system 20 of the EVestG system 2 incl udes

t he anplify.er_circui. 2 C | ' ] e
dat a out pitTe oG U ey SR GO B AEE I Torh SR BEChE QO]
Z | gna! over td pgm&&zinpuwwmdlé ke tlwacsl it}ag operaipuahatonpobgreandizal sweah estsactidobe
udi ti on provide a capture nodule 26. The anplifier 22 ingclud a, CED
1902 i sol dresspNERRDIand; tr ecaerats, dispiayg of nejs! Iﬁg%gr ajgyspch as the Sp/Ap plot

anal ogyg- tsﬂb%thP@éure 6. The computer program code of the software modules 24 to 30 are
stored on memory (such as hard disk, RAM and/or ROM) of the computer system 20 and

are run on an operating system 34, such as Microsoft Windows or Linux. The hardware

used may include the amplifier circuit 22 and a standard personal computer 20, such as that
produced by IBM Corporation. ECOG recording systems are produced by Bio-Logic

15 Systems Corp. Whilst the neural event extraction process (NEEP) may be performed
under the control of the software of the modules 24 to 34, it will be understood by a skilled
addressee that steps of the process can be performed by dedicated hardware circuits, such

as ASICs and FPGAs, and also performed by components or modules distributed across a
computer communications network, such as the Internet. For example, dedicated filter

20 circuits can be used to provide the filters, and dedicated digital signal processors (DSPs)
can be used to perform a number of the signal processing steps to enhance the processing

speed.

The neural event extraction process (NEEP), as shown in Figure 4, is the same as that
25 described in WO 2006/024102 for an EVestG response, except for the recording filtering,
and segmenting process 440, the biomarker extraction process 450 and a correlation
analysis process 460. The data representing the EVestG responses obtained from each of
the seven tilts and for each ear of a patient, i.e. 14 responses, is recorded, as discussed
above, and then filtered three different ways to provide filtered data for three filtered
30 responses for each tilt response, i.e. filtered response data for 42 filtered tilt responses. A

shown in Figure 5, the tilt responses of each tilt 501, 502, 504, 506, 508, 510 and 511 are



converter (ADC). Both the CED 1902 and CED 1401 ADC are produced by
Canbridge Electronic Design Limted. The CED 1401 ADC has an excellent |ow
frequencywQl2ensi4g4san 1 Hz) response. The conputer syste®CZA20r0t00e195

i ncl udes an anal ysis nodul e 28 and a 30 graphics display nodul e 30. The
anal ysi s nodul e 28 provides a neural event extractor 400 and incl udes
conput er program code (eg. MATLAB(r) code) responsible for performing a WO
2010/ 148452PCT/ AU2010/ 000795 - 10 - neurgl_ event extraction process (NEEP)
of the extractor 400, as shown in Figure 4, in conjunction with the other
sof tware nodul es. The anal ysis nodul e 28 al so provi des a nunber of

different filters ysed_to fil the r onse signal s | es, .as di scussed
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The 42 filtered tilt responses are each segmented by a segmentation process 440 performed
by segmenter 550 of the analysis module 28 in order to produce the fifteen segments 402,
404, 406, 408, 410, 412, 413, 415, 420, 422, 424, 426, 427, 428 and 429 for each filtered
20 tilt response, as discussed above. This produces 630 sets of data representing 630 filtered
tilt response segments. The segments comprise data obtained from the left ear of the
patient 552 and data obtained from the right ear of the patient 554. The output of the
record, filter and segmentation process 440 is the 630 filtered tilt response signals that are
each then subjected to the remaining processes of the neural event extraction process
25 (NEEP) shown in Figure 4. This produces Sp/Ap data for each segment, i.e. for each of
the 630 sets of data. The segments are each treated as an EVestG response by the neural
event extraction process (NEEP). As discussed in WO 2006/024102, the process
decomposes each response segment using a complex Morlet wavelet to obtain phase data
across seven equally logarithmically space scales from 600Hz to 12KHz. The scale déta is

30 processed to determine loci where sharp changes in phase occur across all scales.



and segnenting process 440, the biomarker extraction process 450 and a
correl ation anal ysis process 460. The data representing the EVestG
responseswokwaines2f rom each of the seven tilts and for PeaU2eB¥00G5 a
patient, i.e. 14 responses, is recorded, as discussed above, and then
filtered three different ways to provide filtered data for three filtered
30 responses for each tilt response, i.e. filtered response data for 42
filtered tilt responses. A shown in Figyrne 5, the tilt responses of each
tilt 501, 502, 504, 506, 508, 510 and 51T are WD

2010/ 148452PCT/ AU2010/ 000795 each filtered by a first filter 512, a second

filter 514 and a third filter 516. The f filter 5 rovi des
pgpﬁ;ﬁ ﬁgn one
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both provide high pass filtering. The second filter 514 includes a 5Hz high
pass filt fer anapmhies enaeeepfable gap Biesmssaledample imerzIhs &3P pay de prhitaily
Provi ding t hree fii)1er responses 10 produced by the filters 512,
514 and 516 p%b mt¥%%%lsfﬁ)fgn&%£%eural event extraction process (NEEP)

gi ves the beneflt that groups of biological markers that can be corrupted

by | ow frequency data are enhanced in the high pasg flltered r.es
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by segnentgrd558 he an lxi%%” |le 28 in order to produce the fifteen
segnent s 4029339, €24 éegfa a WIRMIBUEPs 415, 420, 422, 424, 426, 427,
428 and 429 for each filtered 20 tilt response, as dlscussed above Thi s

produces 630 sets of data representi % 630 filtered tilt response segnents.
The segnenths C@mlirfi:\@ét autractiontraperssl (NEGH cae inagivertendly detegtnlecipgg niVisy
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record, Ségren process ilter
response s\ivmmhcﬁset xreafsonaé earebe subtaetad by hhesisath 2 onm@eracma@s phisbgdsss of
t he neural event extraction process 25 (NEEP) wn in Figure 4. This

produces SpPWHNgavhiter Beise ddisredatonmiich t|he erecqremge ciristifs of 3 Swten C(‘Fg
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event extraction ocess I scu d in 006/02410 , the
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sharp c han@@@stGQRﬂmt%Hﬂu&G b9 he RIBEPS TAé Séaling factor is decided by determining
the Ap point of the RAEVestG. The scaling factor is set to 0 and incremented in 0.01 steps
until the Output data = RAEVestG minus the scaled BLWN response sees the Ap point
(response plot minima) shifting by more than an arbitrary time, typically 2 samples. Once
25 subtracting the scaled BLWN response causes a marked adjustment in the position of the
Ap point, thé scaling factor (scale) is set and not increased any further. This gives an
adjusted NEEP Output EVestG = RAEVestG-scale*BLWN. The BLWN response is
produced by the NEEP processing the white noise response with the threshold in step 318
set so that significant field potentials are detected to characterise the BLWN response.

30
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i ndefinabl e across the scales but at nore than one (or slight variations
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but is typically 1 to 3 sanples. Once these loci are discrimnated,
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bi omar ker . I"omar ata for each represents
10, 710 bi omar ker flﬁ@dillﬂé @amediatedy afierahe Ap.
25 (iii)  Ap Magnitude. The voltage magnitude at the Ap point.

(iv)  Sp notch point (loci). The time at which the downward arm of the Ap
reverses/slows/stops, typically about 0.3ms after Ap onset.
W) Start point (loci). The time of commencement of the Ap.
(vi)  Baseline width. The width of the Ap at the baseline level.
30 (vii) Sp peak. The tip of the short rise after the Sp notch point before the

continuation downwards of the Ap towards the Ap lowest point.



15 consi derabl e amobunt of data obtained fromone patient subjected to the
seven tilt sequences and can be used to accurately determ ne the presence
or not ofwea2eiod@sssari ety of neurol ogi cal and neur odegenecatAuzelodiossder s.
The 17 biol ogical markers are as defined below and illustrated in Figure 7
(and given the definitions: Ap is the whole V shaped EVestG curve; and the
Ap point is the | owest point of the Ap plot): 20 (i) Pre Ap Elevation or
Depression. An el evation or depression _ghove/ bel ow the baseline i mediately
preceding the Ap. (ii) Post Ap El evation or Depression. An el evation or
Sgpressgon above/ bel ow the baseline imediately after the Ap. 25(iii)Ap
gni tude. The voltage magnitude at the Ap point. (jv) Sp notch poin

(loci). The Vi &p Vw%hcﬁg? Wédtaéﬂmbfrﬂmathﬁsgfmﬁq%’em&he %@95@@%@4 %\Ws?’étthﬁps,
typically about 0,3ms after Ap onset. (v) Start point (loci). The tinme of
commencenent of t Ap. (vi) Baseline width. The width of the Ap at the
basel i ne | evék) 38pWMagnitSge.ddalheighhef theBpgfeak hkowitbe Sp nbwb painter t he Sp

not ch poi nt for he continpuatipon do d f .t t ds th

owest poi nt 09 Wol A8 1anG7a s D A etRe o b a2 el afich AR EagirGt f¥n e
width (4ine) frombehRwivd?@hfh of the Af afteXthe SPWIBAEH RorddoftaMly tb g digwarliach Sp
Magni t ude. The helght of the Sp peak above the Sp notch point. (x) TAP

(internal). The wpbthe Amime) of the Ap at the Sp notch | evel neasured from
g? Pne 019 Om\gakggi?r ml'%fP (tnra)?ch‘f.‘pﬂ%f &Iledrth h}ilrge)s& tﬂgt&&amgis%)oﬁbttal ie¥/elt ﬂeéslﬂ?edu@mr d
the Sp notch horizontally to the upward arm of the Ap.
(xii) Na angle. The angle of the downward arm of the AP between the Ap lowest
10 point and the height of the Sp notch measured from vertical to that arm.
(xiii) K angle. The angle of the upward arm of the AP between the Ap lowest point
and the height of the Sp notch measured from vertical to that arm.
(xiv) Na+K angle. Sum of the eleventh and twelfth biomarker values.
(xv) Sp/Ap ratio. Vertical distance from Sp notch to baseline divided by vertical
15 distance from Ap point to baseline.
(xvi) Spike Rate. The number of field potentials detected and used to form the Ap
plot.
(xvii) DC Shift. The vertical shift between different Ap plots measured from the
baseline level.
20
An additional two biomarkers for each of the 42 filtered tilt response signals is obtained by

subtracting the data obtained in the OnAA and OnBB segments from the BGi segment for

each response signal. This produces:
25 (a) BGi — OnAA response data, and (b) BGi— OnBB response data.

This produces 84 additional biomarkers representing the dynamic response of each of the

respective tilt response signals.

30 The analysis module 28 includes a correlation analysis component 800, as shown in Figure

8, which performs an analysis process 460 to generate display point data for each axis of



(xi) TAP (notch). The wdth (tinme) of the Ap at the Sp notch | evel neasured
fromthe Sp notch horizontally to the upward arm of the Ap. (xii)
Na angl e.wOheloamgise of the downward arm of the AP bet we@oTiAR0BWWOITIREST
10poi nt and the height of the Sp notch neasured fromvertical to that arm
(xiii) Kangle. The angle of the upward arm of the AP between the Ap | owest
point and the height of the Sp notch neasured fromvertical to that arm
(xiv) Na+K angle. Sum of the eleventh and twel fth bi onmarker val ues.

(xv) Sp/Ap ratio. Vertical distance from Sp notch to baseline divided by
vertical 15distance from Ap point to baseline. (xvi) Spike Rate. The nunber

f field tentials detected dtof h .plot. i hift.
The ver | Cangip dioasarbeam kT UIRE LSHIGS e gsnil dara Prgb a0 e
llevel . 20 (ﬁ%%r@ﬂgﬁﬂgog cek VR i PYREESSvd @dta ﬁf%{gleféfte f)l%?géi%t fath ter &l

axisl df
response sig S is obtained by subtracting data obtained in the OnAA
and OnBB sebioamrkerf digptay handB@rocsssgsrgime fasponsacdata ¢ penegratesplgh pbint Tlatas for

produces: 25 .(a)BG - MAA response data, an ). BG -, OnBB,response .data.
This pr odﬁ@g’("éﬁlx'ﬁo‘_&i the (5’_?1 argf“g&?é?l%'r ?r} 8@?%@8%?%50{‘}?&“6&%%%’@&%5 SP8nde of
each of 5t hgonRsPesd biher Hlsk;ta § QRPSHOW® Wi KigadeS 10 W21 discussed below. Each point
2010/ 148452PCT/ AU2010/ 000 9% - 15 - condition diagnosis bi gmarker displays
gener at ed shpwniva the dishla SCRIPSpISA/PatsHLOrde S GubiTHe rPﬁélﬁ‘éﬁtOfﬁmaﬁP@éé’é’é’és

t .he EVest C% L %fi lgﬁn%(ijéa?eSQEngre%n%e I?)Ir bseROL O a éﬁ@acoiﬁirtioﬂ N 1R Ruti0k f%f)onse.
bi omar ker Hlsp a@, and processes tinme response data to generate plot point
data for aohbeatiéisa partichiar heamenkardodageptgiyne fAnthaxesrplittorof a bi onar ker
display is shown in 5 Figure 9 and ot her displays are shown in Figures 10
to 21 discussed bel ow. Each point shown on the display represents a patient
or tesjys %Qfﬁ; horiZfitaP 9%is b gk Abplhy1ehdPBibifarder daYséd is'the ENRstd &l @Wata for

i ndi cates the presence or absence of a CNS condition or the relative
response hhetB@i aminediatet backgpamti tUB#r2Qseedannd ronBEy (desslegatianeghare ¢loftiltt hat

condi tion. Far th orizontal axjs of the.display,q.t hio e a
cong 1 o e eated) M DESt R R Reheddan FiggqP dit fBéQ‘E&FS%%&%’ the das
t =18. 5- 20s@¢ khand GNBBf&ddes] BN kbRRe @S Asedl Thel DCtdadl cObntdids ef)) thei lotvest
phases/ segnments. Rather than using the data for all three filters, the data

for the DJréquenes compondnisef thiorespeienies the compenenth ECOITIEROY L ness Haney |
E)(r:]ﬁu:’ ?. ;t%%gs e ﬁgé?f?e?cggng gﬁ%toie %rtlgﬁqP}}E}ﬁ§ Qﬁwﬁﬁe'fra?nest ﬁ‘ﬁ? %@HRQQﬁéﬁt%s used

ranes and 1s reflective of nore cortical
i nput s andast it FEfdctsaaie SmmiddeatBEiates poretot the siluaeldthase are loef frapkescyt eng time
i mredi ate state prior tqQ the tilt and there _are |ow f.requenc%é!ggg%stirre

frame) fl uEamex flesrationsinbrehasorre [exgle ThegrBh st diind 7% lapge
h | t :
shows a '?{?g&%ngﬁ%gé}m{%gc(gﬁ%ﬁaft&g r&fhdt oTiRackapsHEnd 80T RReGREPBREBIIORHY

execut es al processi ng steps:
signal processing steps:

20 (1) The max and minimum values of the onBB and BGi Sp/Ap plots are determined by
processing a data time sample range 305:441 and 441:537 of the Sp/Ap plots where
sample 441 corresponds to the Ap point (corresponding to point 265, as shown in
Figure 6) to cover the entire range from Pre Elevation and Depression to Post
Elevation and Depression in order to determine the range of the response above the

25 baseline and to the Ap point. Each Sp/Ap plot includes 881 time sample points.
Based on the larger range (onBB or BGi) the plots are normalised by dividing by
this range. The largest range in data values is considered 100% (normally the range
of the onBB plot is bigger than that of the BGi plot) so this is taken to be the
normal and the other scaled by it.

30 (2) The normalised BGi and onBB plots are subtracted to generate data representing

BGi-onBB plots.



20 (1) The max and m ni mrum val ues of the onBB and BG Sp/Ap plots are

determ ned by processing a data tine sanple range 305:441 and 441: 537 of

t he Sp/ Apwpl2otosiasdser e sanpl e 441 corresponds to the Ap poirmU20mane®spondi ng
to point 265, as shown in Figure 6) to cover the entire range fromPre

El evati on and Depression to Post Elevation and Depression in order to
determ ne the range of the response above the 25 baseline and to the Ap

poi nt. Each Sp/Ap plot includes 881 tiqq6§anple poi nts. Based on the | arger
range (onBB or BG) the plots are normalised by dividing by this range. The
| argest range in data values is considered 100% (normally the range of the
onBB plot is bigger than that of the BG plot) so this is taken . be_1he
normal and3} he P%v fash RatisnE@ep gnd gendsp mashed RORWATIRN); XRAYP VR VELIRE 1%%33@% ots

are subtracted fig Q%ﬁéé&eﬁ fRtiRe gﬁs%éﬁa@%h%nﬁ@atémﬁﬁt REQfefices the rcilght
2010/ 148452PCT/ AU2010/ 000795 - 16 - (3)For each patient (age and gender

mat ched popul atdaty)efydataandmight phiadeft BSpouseBRtpbbiined fpameacht mdmber of the
ipsilateral and contralateral tilt sequences and the right .da | ef t .data
and T ght plus SO FRS PRCE SRR Rey PrBAvRURTPT R Sr WisSeh 6D,
Thi's prpduces ﬁeﬁvleg}ﬁ%dwéfpn&igmrﬁ?@zcnaapp WBticN rePfe8és Eithe®-a cdntrol kfoupach

for 5 left, right and left + rig ata). Each popul ation represents either
a control grouprgroupisprsserdineaspathalogy er peandiiagiic FouR ig SRRV tOPOSSERS: b#-oup
is known to possess...i.€:..Parki n' | sea P i i.a

Depr essi on, Me i% 18$°§1 Stﬁggggé?bﬁ%hlzsfﬁe eéﬁap?%f) éesg)é?’ @g‘lgﬁ %Itol? Lsgéyg’a%tcbg he

obt ai ned i n advples prRfop&tidised He@btdiita iR adodiceladt afnused &s obtaindar]dtion a
patient or subject "X'. 10 (4)Subject X s six normalised BG -onBB pl ot
responses (al | me@sukedaa opaprided oF pebi§ctaXe conpared with the respective 6
aver age, plegt s TQf.; £l . I f :
bt o nu” (b (RIRLAY Y& PorBAIRUR B IS pIR Ohtnscl UL BT HRRS Sé points)
i psi |l ateral andirecmhpatdivithahe teispdcsive Sheemge plotsfoarneontsdgrasp orregathengy.at e

the | argest response differences fromresti.ng or, fromeac t,her,.

| psi | ateral teﬁ@? TERPOPESS P BQt@}"thf@Wthﬁﬁﬁé gﬁtﬁt ?%}fté{agarafﬁ% rf#ﬁ%ﬂ?‘?&?@,for the
especi al Iy fronpilersiedidContidlabdralcaifel $hak tiikeary @Séd BsU{h%F' geppateathdJargkach
conpari son generates a correlation nmeasure using a correlation function.

The correl at i orfesponst idiffergrassr iemsresting rareframi errhc oBeF.i lnsBateraR tgads; f be
measur g usi ng the. noi nt s, of . p A r.af .difife £
correl gstl on funeé{;'it%ﬂrsy %rglnc%net}a:fj\ég%rgpi@?%fog}/ﬁ édc'gg(fsi%lg g’ée :%csleggr% l%glér oa‘ragfs ©
exanpl e, E (X -th&yétibulay hppdeitus. Each @lnhpariéds generates a correlation measure using a
correlation function. The correlation function generates a correlation coefficient R
as the measure using the points of two compared plots. A number of different

correlation functions can be used to provide the coefficient R. For example,
2 -0 -y)
S x-02 Y (-

where x and ; are the sample means of the points x and y of each compared plot X

20 R = Correl(X,Y) =

and Y, respectively.
&) The 6 coefficients obtained are summed together to provide correlation data
representing the comparison with subject X and a control population or pathology
25 population. The values for the correlation data for a control and a pathology are
subtracted to form the horizontal plot point data for subject X on a scatter plot of a
biometric display. For example, to obtain a point for Parkinson's Disease (PD)
versus Control (Horizontal Co-ordinate of scatter plot):

Rx:Control(tot) = Rx:Control(right)+Rx:Controt(left)+Rx:conrol( L&R);



111x - x)2E(y - y)2 where x - and y - are the sanple neans of the points x
and y of each conpared plot X and Y, respectively. (5)The 6 coefficients
obt ai ned wioeosumsesd t oget her to provide correlation dat CTeyiResmoiong t he
conparison with subject X and a control popul ation or pathol ogy 25

popul ation. The values for the correlation data for a control and a

pat hol ogy are subtracted to formthe horizontal plot point data for subject
X on a scatter plot of a bionetric displ By For exanple, to obtain a point
for Parkinson's Disease (PD) versus Oontrol (Hori zontal Co-ordinate of
scatter plot): Rx:Control (tOt) =

RX: Control (right)+Rx: Control (| eft)+Rx: Control (L&R);

2010/ 148452PCT/ AUREsoTelYion datarfor X represeabing aimeastis Qfa“'tfaﬂ?r&?/ with, the caRER) | ng
a measure of siml ﬂLP th the control popul ation; Rx:PD(tot) =
Rx:pD(rlght_)+Rx:po?1; t D(L&R) ; the correlation data for
X representing bemém)tﬁ Rxnanf)(nghtWRard(teﬁt)m o(LBR)PD 5popul ation; and

Hori zontal point = Rx tro cont r Qi

the val ue of the hB¥ 3é’l°anﬂ??[1)&°r g)rSB?F‘W\?g 4 My urf)r‘%\ffrﬁlé%mg%}bi re of
the assgciation of %Mﬁﬁd’h b€ control popul ation. It Is negative, this
provi des a neasure of the association 10 of X vmth PDs Referring to Figure
8, the corr el atforzontad ippiit 5 Roemoretiet) S0 perl@HmRg 8 mal i sati on process
802 on the Sp/Ap (EVestG plots which involves steps (1) and (2) descri bed
above, a correlation process 804 which involves steps (3) and (4) descri bed
above, andifghe value of the horizontal point is positive, this provides a measure of the association of

X with the control population. If it is negative, this provides a measure of the association

10  of X with PD's

Referring to Figure 8, the correlation analysis component 800 performs a normalisation
process 802 on the Sp/Ap (EVestG) plots which involves steps (1) and (2) described
above, a correlation process 804 which involves steps (3) and (4) described above, and a
15 coefficient process 806 which involves step (5) and storing and processing the coefficients

to generate the points for the x axis of a biomarker display.

For another axis, e.g. the vertical or y axis of the biometric display, the biomarker data is
generated from the recorded times of each extracted field potential (i.e. Ap loci)

20 determined by the NEEP at step 330. For a given segment there may be over 300 Ap
points detected. Using the signals obtained from the 120 Hz filter 516 (to remove
unwanted DC artefacts) the field potential (Ap) times are used to generate an interval
histogram for the BGi (immediate background t=18.5-20sec) and onBB (deceleration
phase of tilt t=21.5-23sec) tilt phase segments. The intervals determined are the time

25 differences between adjacent Ap loci in the segments. The correlation process 460 uses 25
time bins (<0.5ms, 0.5-0.6, 0.6-0.71, 0.71-0.8, 0.8-1, 1-1.2, 1.2-1.4, 1.4-1.62, 1.62-2, 2-2.3,
2.3-2.8, 2.8-3.3, 3.3-5, 5-6, 7.1, 7.1-8, 8-10, 10-12, 12-14, 14-16.2, 16.2-20, 20-23, 23-28,
28-33, 33-50ms) to generate a histogram for each tilt phase segment. The signal
processing steps include:

30 (6) The interval histograms are generated and each is normalised to represent a

percentage of the number of field potential intervals (Ap points) in the segment



15 coefficient process 806 which involves step (5) and storing and
processing the coefficients to generate the points for the x axis of a

bi omar kerwoizeplag4s2For anot her axis, e.g. the vertical ecTAERIMIGPYSt he

bi ometric display, the biomarker data is generated fromthe recorded tines
of each extracted field potential (i.e. Ap loci) 20 determ ned by the NEEP
at step 330. For a given segnent there may be over 300 Ap points detected.
Using the signals obtained fromthe 120 @; filter 516 (to renove unwant ed
DC artefacts) the field potenti al (Ap)'l%nes are used to generate an
interval histogramfor the BG (imedi ate background t=18.5-20sec) and onBB
(decel eration phase of tilt t:21.5-23secﬁ tilt phase segnents. The

i nterval s det erigppaage.dieetheietal pyraber of fingk Ap ppidtssis 89%een adj acent Ap | oci

in the se nt T |k d : S i b (8P

075 0.6, 016 0. e ngrmish® gl BRRRCAiSigabhe Sgtaliylo 08 o B RB
2-2.3, 2.3-2. 8, higo8rath Rith25pomts.5-6, 7.1, 7.1-8, 8-10, 10-12, 12-14,
14-16. 2, 16.2-20, 20-23, - 2 28-33, 33-50ns). to generate a. histogram for
each tilt ShaseABeRYREEE. Bzﬁ%é"%%rfaie“ﬁ] JiglegraTy ‘§t%‘ﬁ%e‘ii n’ré’lru ; ‘pgﬂat{s??ﬁ’él
intervat histo fefil RAQB (St IRAIIPMY R§Sbrises foRRAES S5H arll
percentgge of t(gﬁﬁﬁﬁggfgggg??éﬁgr%%?gntiaISintegggﬁé ?§$ poi nts) ﬁ%i?he
segment WO 201gndd8a5aded/ pipRition 0DoTm5 Agdig, caghepppidation repsesentecither 4l
nunber of fi nal oints is 100% The nornal,ised BG nBB hi st ns
are subtracted ‘EO%QF%’“B BEENEB RTEYSH %#F%O%)ho'ég C%%Cﬁprll?ns &eﬁ{ouvisrlg%é&
BG - onBB i nt er vl pYsédsO9E aPhrksns6h's ddiechsé QPDY hSchipsphréii&r Beprasiion, Meniere's
contral at er al rigﬁt, left and right plus left (or left-right) responses for
each age and geRtsersenstcc ErespEphirlagiams rer aopulaligmican be 9ok | 4vpRgs and
represents either r i pashol ogy or a
condi t?@n t he gar%(e)ﬁlge |@%b?]%%%%gtg%ﬁs)@g%g@%%ﬁgggfaggélﬂsdg%pgegas)gase (PD),
Schi zophr g9 a, SEfeRsEs Gix BlEAINSB: imerhlsbavgranes thavitige2® pbinhivaluegriarnsagher
popul ati on can be obtained in aavance,%§? are uged to obtaig correla%ion
measure data f oRISREFHE) BRCOPPASHBFBELUVER VI b AveRes 1rRa pystograps for @

i nterval hist Og&ﬁ'ﬁ%ll g'ftﬂ;\b' (?}'ga ﬁéth@f?)'g?.t ™R in'e?vdcl%st@g}ﬁl!ﬁs hik s bo@IRA)frét Ghe left
conpared respectively wth the 6 average interval histograns for a contro
group or a pat hddtagyght Hhte dndtreght 2 lefiidataofpr slmsiparaserabard perdrafatera] tike Eagh
data, right data and. right + |left data for the ipsilateral.and .
contrallateral t?qm@rlsgﬁﬁnﬁﬁﬁa?icé’gﬁ}a CREPEIEE 308§ AT !agﬁn magtion: The ng

a correlation fegedath fuhbforC ncaitél 4 esrrdlbtisit EsufigemeR at else messid abiag itien
coefficient R as the neasure using the points of twg conPared hi st ograms. A

nunber of diffepeints afdmoetampaserd hisieramns Achwmber fsdfferent gpgeipiien fyftions

fficient R E : - 5 (X, Y)=
cont e, R e r el

are e sanpl e nmeans of the points x and y
of each conpared x—x)y-y)
R = Correl(X,Y) = Z( _2)(y y_2
V-0 Y (-
20 where x and ; are the sample means of the points x and y of each compared

histogram X and Y, respectively.

(10) The 6 coefficients obtained are summed together to provide correlation data
representing the comparison with subject X and a control population or pathology
population. The values for the correlation data for a control and a pathology are

25 subtracted to form the vertical plot point data for subject X on a scatter plot of a
biometric display. For example, to obtain a point for PD versus Control (Vertical
Co-ordinate of scatter plot):
Rx:Control(tot) = Rx:Control(right)+Rx:Control(left)+Rx:control(L&R);

the correlation data for X representing a measure of similarity with the control



hi stogram X and Y, respectively. (10) The 6 coefficients obtained are
summed together to provide correlation data representing the conparison
wi t h subjwotzod/@asgs2a control popul ati on or pathol ogy popairatizor/ooTiee val ues
for the correlation data for a control and a pathol ogy are 25 subtracted to
formthe vertical plot point data for subject X on a scatter plot of a

bi onetric display. For exanple, to obtain a point for PD versus Contro
(Vertical Co-ordinate of scatter plot): X Control (t0Ot) =

RX: Control (right)+Rx: Control (I eft)+RX: Control (L&R); the correlation data
for X representing a neasure of simlarity with the control W)

2010/ 148452PCT/ AU2010/ 000795 - 19 - popul ation; Rx:PD(tot) =

Rx: pD(ri ght ) +Rx: pCRIRHAIORRy - pD(L&R); the correlation data for X
representing amﬁgfe—_gj“,ﬁhgh& }IDne \-RX: ,tqug&ﬁgxpopul ation; and Verti cal
poi nt = Rx:contr ol Contr (tot) PD(tot) | f t he val ue of
the vertical poi ntthescomlatlpn\ﬁbta fdni X rppresenting aamezsasu ol Smﬁllétrmé vethsthei BIPi on
of X with the control .population. If it is negative, this provides a
nmeasure of the assB&" 5% h X with PD. 10 Referring to Figure 8, the

correl adion analafiéd poRIBIERhEBRof) & RAEAR(B)NRAMBItbAt i on process 802 on
the OnBB and BG |nterval hi stograns for the EVest G responses for those

segnents, which involves steps (6) and (7), described above. A correlation

process. BiPum MG Y ObEs RARRS pdlvfifls bribidte A GhIREL ARRY odifdiPlf Rr Med

to obtain € correlation coe PYeients for subj ect using t e I nterval
hi st ogr ansyitlamhd cangolefdpubitient [Pitdc pamti8d, 2hiswhnodtes amehsues of thems§abigtion of

i ncl udes storlgg%and processing the coefficients to generate the points for
the y axi X i omar ker display. The correl ati on conponent 800 can al so
be useffyto obtain biomarker data for a third axis 20 of the display, e.g.
the z axis, using the correlation analysis process 460 to further inprove
separ at i orRederdingite dfigure rfattho woiyelatiere Anglptis eﬁmsonqn@rSOQ Hiesfoams ¢ rormplisation)

Tr anst or miveen SEREK PO e IR AR P e By e R R ERSE
the onBB, Binems, Bhich ARBVECEERNGPand (nedsscgaed abiveC ea SdoRglasibe peodess B Lje:

which involves steps (8) and (9) described above, is performed to obtain the correlation

15 coefficients for subject X using the interval histograms, and a coefficient process 812,

which involves step (10) includes storing and processing the coefficients to generate the

points for the y axis of a biomarker display.

The correlation component 800 can also be used to obtain biomarker data for a third axis
20  of the display, e.g. the z axis, using the correlation analysis process 460 to further improve
separation and discrimination between patients. For this axis a spectral density plot or
spectrogram is generated using 32-512 point Fast Fourier Transform (FFT) applied across
the Sp/Ap plot of one or a combination of the onBB, BGi or BGi-onBB responses. The
signal processing steps include:
25 (11) Each spectrogram is normalised so the total bin size sums to 100%.
(12)  The normalised BGi and onBB spectrograms are subtracted to provide a BGi-onBB
spectrogram.
(13)  Average BGi, onBB and BGi-onBB spectrograms are created for the ipsilateral and
contralateral right, left and right plus left responses for each age and gender
30 matched population group. Again, each population represents either a control

group or group representing a pathology or a condition the group is known to



25 (11) Each spectrogramis normalised so the total bin size suns to 100%
(12) The normalised BG and onBB spectrograms are subtracted to provide a
BG - onBB wpeotwagtsam (13) Average BG, onBB and BG - onBBTsyiRetor00gmoans are
created for the ipsilateral and contral ateral right, left and
right plus left responses for each age and gender 30mat ched popul ation
group. Again, each popul ation represents either a control group or group
representing a pathology or a conditionsphe group is known to WO

2010/ 148452PCT/ AU2010/ 000795 - 20 - possess, i.e. Parkinson's Disease (PD),
Schi zophreni a, Depression, Meniere's Di sease, etc. These 18 spectrograns
per popul ati on can be,obtPai ned j n_advanc ng are used to obtain .
correl ation nmedSEsSdhfa PRERNSON S PissAte (ﬂngu rhuzpphrenia, Depresgign; Menigge’s g
BG - onBB spect rggt Al%et@" €hése TBIp&IrIg RS ip¥BhiKtivN v,

BG - OnBB spectrograns for a (r:rgnProlorggroup gpﬁgx%%&% %\%%{}&tﬁ%ﬁeﬁsﬁgg‘?@oﬁ?am
are obt ai ned f raperuseddo obfain clatedation rg¢rsurtatatn fand peiigiitor subjedtt"Xdat a for the

i psil ater an ontralatergl. tilds. EFach conparison generate .

correl ati 3&4%335‘&’6&1% _Lfgf’ Y ﬁ%o‘?ﬂ;ﬂg 5P?°Err?gfaunﬁsch;|peo%9m$ﬁ8 COPY e “éﬁﬁ gv}'lltl} 65 on
generatgs a corgdvetagti BGi-OMH ispe@itigrdfaSot e comasiup@upsona phbolgynt SThef
two conpared spectrograns. A 1lOnunber of different correlatiaon functions

can be used to SpeEWEIENS pie abingd Gpmrthe RRft datp, righh dptaand mghtslefp datg forghe £

(x = x)(y - y) ipsilateral and contralateral tilts. Each comparison generates a correlation measure
using a correlation function. The correlation function generates a correlation

coefficient R as the measure using the points of two compared spectrograms. A

10 number of different correlation functions can be used to provide the coefficient R.

For example,
> (x=x)(y-y)
S x-0)' Y (r- )

where x and ; are the sample means of the points x and y of each compared

R = Correl(X,Y) =

spectrogram X and Y, respectively.

15 (15) The coefficients obtained are summed together to provide correlation data
representing the comparison with subject X and a control population or pathology
population. The values for the correlation data for a control and a pathology are
subtracted to form the vertical plot point data for subject X on a scatter plot of a
biometric display. For example, to obtain a point for PD versus Control (z co-

20 ordinate of scatter plot):

Rx:Control(tot) = Rx:Control(right)+Rx:control(left)+Rx:Control( L&RY);
the correlation data for X representing a measure of similarity with the control
population;

Rx:pp(tot) = Rx:po(right)+Rxpo(left)+Rx:pp(L&R);

25 the correlation data for X representing a measure of similarity with the PD

population; and

Z point = Rx:Control-PD(t0t) = Rx:Control(tot) - Rx:PD(tot).

If the value of the Z point is positive, this provides a measure of the association of X with



VEx-x) 2E(y-y)2 where x and y are the sanple nmeans of the points x and
of each conpared spectrogram X and Y, respectively. 15 (15) The

coef fi ci emnO0wb48isSned are sumred together to provi de coPCelAdRbwvoAsa
representing the conparison with subject X and a control popul ation or
pat hol ogy popul ati on. The values for the correlation data for a control
a pathol ogy are subtracted to formthe vertical plot point data for subj
X on a scatter plot of a bionetric displgy. For exanple, to obtain a poi
for PD versus Control (z co- 20ordinate of scatter plot): Rx:Control (tOt
Rx:control (right)+Rx: Control (I eft)+RX Control (L&R); the correlation data

for X representlng a neasu&g of simlarity mh{h t he contgg% popul at i p
€ r it

Rx: pD( t ot )the-cesirg moppighey+

AR OFrP

itBOEEAIVE+ RIS PromideaR) measii@

for X reprggeppi Nng a neasure of S|n1Iar|ty with the PD population; and Z

poi nt =

RX: Control -PD(t0t) = RX:Control (tOt) - Rx:PD(tOt). WD
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Figures 9 to 21 show biometric displays generated by the graphic display module 30 and
the analysis module 28 using the display point data for the horizontal and vertical axes.
The plots were obtained by correlating each of the subjects of the control and pathology
groups with the average responses. For example, Figure 9 shows the separation between
the members of a control group, and the members of a pathology group known to exhibit
Parkinson's disease. Figure 10 shows the separation between the members of a control
group and the members of a group known to have Meniere's disease. Figure 11 shows the
separation between an age and gender match control group and members of a population
known to exhibit Schizophrenia. Figure 12 shows the separation between the members of
an age and gender match control group and a group known to exhibit depression. Figure
13 shows the separation between subjects in a group known to exhibit Meniere's disease
and those known to exhibit Parkinson's disease. 'Figure 14 shows a biometric display
illustrating the separation between a group known to exhibit Schizophrenia and a group
known to exhibit Parkinson's disease. Figure 15 shows a biometric display illustrating the
separation between a group known to exhibit Meniere's disease and a group known to
exhibit Schizophrenia. Figure 16 shows a separation between a group known to exhibit
depression and a group known to exhibit Parkinson's disease and four patients known to
exhibit bipolar disorder. Figure 17 shows the separation between a group known to exhibit
depression, a group known to exhibit Meniere's disease and four patients known to exhibit
bipolar disorder. Figure 17 also shows four points obtained from four recording sessions
done for a patient known to have Meniere's disease and who has been treated by a right ear
vestibular neurectomy procedure, which involves severing the vestibular nerve. Figure 18
shows the separation between a group known to exhibit depression and a group known to

exhibit Schizophrenia.
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Figures 9 to 21 show bionetric displays generated by the graphic display
nodul e 30 and the anal ysis nodul e 28 using the display point data for the
hori zont avoand/Mes5i cal axes. 10 The plots were obtai ne@CiaworvwdASI ng
each of the subjects of the control and pathol ogy groups with the average
responses. For exanple, Figure 9 shows the separation between the nenbers
of a control group, and the nenbers of a pathol ogy group known to exhibit
Par ki nson's di sease. Figure 10 shows the,separati on between the nmenbers of
a control group and the nenbers of a grodp known to have Meniere's disease.
Figure 11 shows the 15 separation between an age and gender match control-
group and nenbers of a popul ation known to exhibit Schizophrenia. Figure 12
shows the separation between the nmenbers of an age and gender natch control
group and : x hy: Dl i - E

depar at 1 o BEFvearSREHLiAeR iidy SORERNDA boift SHlanelTpE ARMDCIIT o oge
and t hose dndgendéranstehinpicbntralrdeoms ahe medibssasen gibup knewil 4o skitbs Parkinsonist ri ¢
display 20, illustrating the separatiqn be en a grou nown t q. exhi bi t
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shows as bigpBt hkGiciciP! THe lekbttstorahé REbdidaBos CRABALEAN Wit 8 GRedicAEP BRUKNOWN
to exhibit Meniere' s disease and a group known to exhibit Schizophrenia.

Fi gur e 16 rséiong tawasdpte spnoel gsedpreen a group known to exhi bit depression
and a group known to exhibit Parkinson's disease and four patients known to
25 exhi bit bipolar disorder. Figure 17 shows the separation between a group
known to epipieiZ0 sHEHE absdétric il Kspanpdiatsebiindd foMBibntbees of 4 seamd and

four patients known to exhibit bipolar disorder. Figure 17 also shows, four
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the sane group after being nmedicated by L- 5 Dopa nedication. The effects
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techniques.

Many modifications will be apparent to those skilled in the art without departing from the
scope of the present invention, as hereinbefore described, with reference to the

25 accompanying drawings.



Generation of the bionetric displays by the neural analysis systemis
particul arly advant ageous as di splays can be produced to distinguish

bet ween swibj2emvss4szhi biting a 20 range of CNS di sor der s Por/Aanniond™ss, and
the effect of nedication, wthout invasive techniques. Many nodifications
wi ||l be apparent to those skilled in the art w thout departing fromthe
scope of the present invention, as hereinbefore described, wth reference
to the 25 acconpanying drawi ngs. WO 20 9/ 148452PCT/ AU2010/ 000795 - 23 -
THE CLAI M5 DEFI NI NG THE | NVENTI ON ARE AS"FOLLOWS: 1. A neural analysis
system i ncl uding: a neural event extractor for generating Sp/Ap

curve data and field potential data for initial response
segnent s obtBiHetdMS Q%FQ\IB‘@ST&E INVENTIQ%%@@?%?@EW correlating the
Sp/ Ap curve data and field potential data with pathology data for a

condition, and generating biomarker data points for axes of a bionmarker
di splay; and A neural ana.hysiﬁsypﬂeayirwbdiinhga for providing display data to

generate the dis ints 10 use | ass n son
relative to saleﬂ‘? %1 F‘i‘toet’fﬁa‘:t?r R’Agﬁ’éﬂ?téﬂg é‘?(ﬁ‘l %f"é slg pg eé.‘?ﬁg%aq?
claimls %@k@bﬁn@ﬁmnm Rapesi sédhent Obtaine fﬁbﬂﬂﬁibéﬂs@@ is Sp/Ap curve data
and field potential data for background and initial response se?ments

obt ai ned from a p@lp@lh@tlfgh cRAelaing éhfeﬁhmj? cuBgi data cndi flfi:lérpm%la gataawifByr al

e UMD T P sl oI i T LS

popul at i orviomBket igplayid axi s represents the correl ation bet vveen the field
potential data for the patient and the popul ati on. anal ysi s

system as cl ai rie@isplay 1ogule for P‘?Véﬂ*“%d‘Sﬁhéldéﬁaﬁotgﬁ%erﬁtéék"gé’éﬁﬁﬁ P‘?‘Ptél
respongg %Qﬂﬁ%ﬁsée é’geggggl%gn f@&t@qugalﬁrcgﬂalhbﬁ right and left ears in

response to a sti rm us neural analysis systemas clainmed in claim
4, wherein the background and initi al

2. A neural analysis system as claimed in claim 1, wherein said pathology data for the
condition is Sp/Ap curve data and field potential data for background and initial response
segments obtained from a population known to exhibit said condition.

15
3. A neural analysis system as claimed in claim 2, wherein one of said axes represents
the correlation between the Sp/Ap curve data for the patient and the population, and the
other axis represents the correlation between the field potential data for the patient and the
population.

20
4. A neural analysis system as claimed in claim 1, 2 or 3, wherein the background and
initial response segments include data obtained from the right and left ears in response to a

stimulus.

25 5. A neural analysis system as claimed in claim 4, wherein the background and initial

response segments are obtained for ipsilateral and contralateral tilts.

6. A neural analysis system as claimed in any one of the preceding claims, wherein
for the Sp/Ap curve data the segments are DC filtered.
30

7. A neural analysis system as claimed in any one of the preceding claims, wherein



response segnents are obtained for ipsilateral and contralateral tilts. 6. A
neural analysis systemas clained in any one of the preceding clains,

wherei n fwo 20toe14$B2Ap curve data the segnents are DC fi IPCe&raad01030079%\0

2010/ 148452PCT/ AU2010/ 000795 - 24 - for the field potential data the
segnents are high pass filtered to renove DC artefacts. 8. A neural

anal ysis systemas clained in any one of the preceding clains, wherein said
correl ator generates correlation coefficjent data for said person
representing a nmeasure of simlarity with the pathol ogy data for said
condition, and correlation data for said person representing a neasure of a
simlarity with neural _event extractor data obtained froma contyol

popul at i onfor tsdieddipefensinl date thesreawatiare highpass iltarrd to warave i apgfacts.
correlation data associated with the pathol ogy data and the correl ation
data associated with the control population. 10 9. A neural analysis
system as &I ai niecheural anglysineyssémtaseclgpmed éuliang oot aif Wes pwheding clagmé,dwherein

condition is,a central nervous, system.condition, such as Parkinson' s

Di sease, Sl "z"cgfﬂf?rt%rngegi‘?mfférﬁog&ait‘éﬂ CoORRIcRE ‘_iatg ?%Sg'éiapseéso&regief)ed’l“gg NP Ger .
15 10. A5 negifsithil g witl the PHthbRIZy WataCloAbA1® BorditidH) ¥n@ B6rrélhtid@atR FRGETdI peeson
clains, wherein said neural event extractor agenerat es spectrograns for the

backgr oundrepreseritingtd aicasuse pbrassimilertyewith nebradienerf ©xiwsior iHatgebtainad feme at he
correlator_correlates the,spectrograns w t.h spectrogr i . a
popul at i onc%ﬁ8 OQLBaté%iaBijtsglgial?odmgc{ﬁ%ﬁefe:{\%&\heaglgﬁge@ﬁg%g es nga%i%gﬁaglgfgé[ﬁ(a At a
poi nt for agedidted vai &eoﬁﬁathd'lﬁg}didsw @d. the Qolekladion edithssabnateds with sis tcentrol

i ncl udi ng: _a neural event extractor for processing signals

repr esent i PRPUlRtioBsponse from a person's vestibul ar apparatus, to generate
Sp/ Ap ¢yrve data and field potential (Ap) loci for tine segnents; 25a
correlator for correlating the Sp/ Ap curve data and the Ap | oci obtained
from a person' sArreghil aaslgsik afdterni adedainict! in avg roag ©f php preatdiog cBhApwhereme
data and Ap. | oci ,to generate Li rst and second .cftorrel a}]ti onPdEta f,orD.t he
Sp/ Ap cur vRIGLORAIEAR Bha SHTRL ervous sYsteR wapdifion,, quch as  Parkinson's” Disease,

Schizophrenia, Depression, Meniere's Disease or Bipolar Disorder.

15 10. A neural analysis system as claimed in any oné of the preceding claims, wherein
said neural event extractor generates spectrograms for the background and initial response
segments obtained from the person, and the correlator correlates the spectrograms with
spectrograms obtained from a population known to exhibit said condition and generates a

biomarker data point for another axis of the display.

20
11. A neural analysis system, including:

a neural event extractor for processing signals representing a response from a
person's vestibular apparatus, to generate Sp/Ap curve data and field potential (Ap) loci for
time segments;

25 a correlator for correlating the Sp/Ap curve data and the Ap loci obtained from a

person's right and left sides with average population Sp/Ap curve data and Ap loci to
generate first and second correlation data for the Sp/Ap curve data and the Ap loci, '
respectively; and

a display module for presenting the first and second correlation data for respective

30 axes of a biometric display.



a display nodule for presenting the first and second correlation data for
respective 30 axes of a bionetric display. WR010/148452PCT/ AU2010/ 000795
- 25 - MRo2momasysal anal ysis system as clainmed in clai mcitlhv2edvaneion sai d
neural event extractor further generates spectrograns for said tine
segnents, and said correlator correlates the spectrograns obtained fromthe
person's right and | eft sides with average popul ati on spectrograns to
generate third correlation data, and sai,d display nodule 5 presents the
third correlation data for another respective axis of the bionetric

di splay. 13. A neural analysis method, perforned by a conputer system

i ncl udi ng:_ _generating Sp curve data. and.fiel.d tential data fo
background_zand P e Ia“ai,yégoﬂ%sée”%e@n‘é]ﬁ’;n%e_‘ﬂb‘f éﬁﬂ@dﬁ} e%?"bé?@pﬁ?uraf event
10cor r el atdsfgcth FurthérARerfebHide s?i&r@g?&% frdreksld Pehe Ndeblendatafd Watd) cBAtRR)OgY

data for a condition to generate bromarker data points for axes of a
bi omar ker oditslatesythe spektrograms getaimed tfrony thédperdprpiright and fefis sides pathrnavsraesr

use in assessi sai erson relative to said caondition n I

anal yei o REpRBHon SPerRREe n Sl a0 GRElRR MG B adRod0eRar BN ¢ e
condi ti9n frésefmd/tAPtherdrosereRdiba dardorf rkitkr pepediiviealkisiHlire biomelrckigylayind and
initial response segnents obtained froma popul ati on known to exhibit said
condi tion. 15. A neural analysis nethod as clainmed in claim 14, wherein
one of said axe i t: Ap curve data
for the paf‘g i'ent&gﬁ'%a{%@}%%gﬂ%tg??’gﬁf%gﬁ?%ﬁéhgﬁﬁgg %@"r‘@ﬁ?‘g@ nts the
correl ati on betgsentihf SpiAglcdryeodaatandl fididtpatedntnl diéte forbadkgrowrddandaitial

popul ati on. 16. A neural, %aéﬁsi s nethod as clained in claim13, 14 or
15, wher eiTASROREE HERIEPISORHANSETYAAE REFOP} al response segments i ncl ude data

obt ai nggl from tc'&?refajtiﬂgtthélgﬁi/ﬂp?&kvceaﬁﬁ ahd _ﬁreﬁﬁg&@%l tdatadwith pAiblésy data’for A
neural analysis nethod as clainmed in claim16, wherein the background and
initial respditioe tseenreate bicmakaisiata prants faraxepef ¢ biogagier displayopnd al at er al
tilts. 30

generating the display with said points for use in assessing said person relative to

said condition.

15 14. A neural analysis method as claimed in claim 13, wherein said pathology data for
the condition is Sp/Ap curve data and field potential data for background and initial

response segments obtained from a population known to exhibit said condition.

15. . A neural analysis method as claimed in claim 14, wherein one of said axes
20 represents the correlation between the Sp/Ap curve data for the patient and the population,
and the other axis represents the correlation between the field potential data for the patient

and the population.

16. A neural analysis method as claimed in claim 13, 14 or 15, wherein the background
25  and initial response segments include data obtained from the right and left ears in response

to a stimulus.

17. A neural analysis method as claimed in claim 16, wherein the background and
initial response segments are obtained for ipsilateral and contralateral tilts.

30

18. A neural analysis method as claimed in any one of claims 13 to 17, wherein for the



WO 2010/ 148452PCT/ AU2010/ 000795 - 26 - Sp/ Ap curve data the segnents are DC
filtered. 19. A neural analysis nethod as clained in any one of clains 13
to 18, whwoebn/fsess2the field potential data the segnent gcarabioghoPass
filtered to renmove DC artefacts. 5 20. A neural analysis method as cl ai ned
in any one of clains 13 to 19, wherein said correlating includes generating
correlation coefficient data for said person representing a neasure of
simlarity with the pathol ogy data for _sai_.d condition, and correlation data
for said person representing a neasure of a simlarity with neural event
extractor data obtained 10 froma control population, and said points
represent the differenﬁe bet ween hﬂg forrelation data associated with the
pat hol ogy IP48R curg deiadhe sremants 316 P(hlteredssoci at ed with the control

popul ati on. 21. A neural analysis nmethod as clained in any one of clains
13 to 20, wherein said 15 condition is a central nervous system condition,
such as Parki nshmewraDirsbaiemetBof iag olaimehincanyDmgrod skiims |3 ke h8.ovkereindpsibgse
or Bi pol ar. Di sorder,. . A neural  anal ysj hod as ai in any one of
clainms 13 1§ E‘it?nﬁ'ﬂgﬁﬁéﬁ%ﬁeg&eﬁgsraﬁ PWS’ p?%se{éﬁ?rggioaﬁgmf%ﬁt ﬁlé'é%%%'kgr ound and
initialsresponse segnents obtained from20 the person and correlating said
spectrograns with spectrograns obtained froma popul ati on known to exhibit
sai d condi3® on A eewhanrayss mediognas dameddn anyingtoffdpms st igeld. pxhereippaidpe

di spl ay. . correla%il?ig.ix%ﬁ@eg%ﬁe{aﬁﬁgggllrglaﬁ§rp E@&gcfeHPhé{Qif&ﬂsa@@g@}éf)ﬁ&?@és%g{i code
for use in executing a ne as clained 1n any one of clail 13 t0 22.
measure of similarity with the pathology data for said condition, and correlation data for
said person representing a measure of a similarity with neural event extractor data obtained
10 from a control population, and said points represent the difference between the correlation
data associated with the pathology data and the correlation data associated with the control

population.

21. A neural analysis method as claimed in any one of claims 13 to 20, wherein said
15 condition is a central nervous system condition, such as Parkinson's Disease,

Schizophrenia, Depression, Meniere's Disease or Bipolar Disorder.

22, A neural analysis method as claimed in any one of claims 13 to 21, including
generating spectrograms for the background and initial response segments obtained from
20 the person and correlating said spectrograms with spectrograms obtained from a population
known to exhibit said condition to generate a biomarker data point for another axis of the

display.

23. Computer readable storage including computer program code for use in executing a

25 method as claimed in any one of claims 13 to 22.



