1 A NEURAL RESPONSE SYSTEM FI ELD 5 The present invention relates to a
neural response systemthat can provide biological data indicative of a
nunber of disorders using el ectrovestibul ography. BACKGROUND 10 Systens
have been devel oped to obtain an auditory evoked response (AER) or

brai nstem audi tory evoked response (BAER) for a patient representing
activity of the patient's auditory system The AER is an electrical brain
wave or neural response obtained fromelectrodes placed on the patient in
response to a stimulus, normally a sound.; Depending on the latency of the
response and the placenent of the electrodes, different classes or types of
15 AERs can be obtained. Those with the shortest |atency are generated by

the inner ear and the audi tory, IQEE@IT]%E%S&%E @sel”l\‘/?d to as
c

el ectrocochl eography ("ECOG' ot responses. The next response
reflects activity within the auditory brainstemand is referred to as an
auditory brahqﬁgﬁp1response (ABR). Further detail is provided in Hall,
James W 111 dbook of Auditory Evoked Responses; Allyn and Bacon;
Needham Hei ghts, 20 Massachusetts, 1992 El ect rocochl eogr aphy systens are
currently ys toﬂggtforn1di ggoses | the cochl ea and vesti bul ar,
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speci fi c par tindMativbef Samtast digedrd @fpldedoidingogedppci r evest i bul oar aphy
(EVest G, being a distinct 25 variant of ECOG The systens are used to

produce a patient neural response which involves placing a recording

el ectrode as gA©OgeRrgupHactical to a patient's cochlea. An acoustic
transducer, eg an earphone, is used to provide an auditory stinmulus to
evoke the response, For EVestG the patient is however tilted, in different

directiong tsng%pmeaeeapg&ﬁefoba {oeowa@m@aécﬁ@m N&ﬁed’ﬁ%ﬁdn@éltv R)ad? ﬁ’étéh? 't

i s not necessary to al so use an aud|t0ry 30 stinmulus sta IStI nct
EVest G si gnalkudigryrieveled tigspanscEGIER) fuad piiant repesentingt iatiyity é theyntgnt's

response fromgifee, Wakhl PEAARERAPE, ebificabRail $5%e bPrdSHGETLAR @thined 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,

I[II; Handbook of Auditory Evoked Responses; Allyn and Bacon; Needham Heights,
20 Massachuselts, 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 {he car has been reforred fo as elecirovestibulography (EVest(), being 2 distinet
25 varani of BCOG. The systems are used fo produce s paiient neural response which
mvolves placing a recording clectrode as close as practical o a patient's cochlea, An
acoustic transducer, og an carphong, is used o provide an audiiory stimulus (o evoke ihe
response.  For EVestG the patient is however tilied, in different divections, 1o evoke a
spectfic response from the vestibular apparatus. It is not necessary to also use an auditory
3G stimulus for EVestG. A distinct EVestG sigoal, similar to an ECOG signal but

representing the neural response from the vestibular apparatus, is used to determine an



- 2 - Sp/Ap ratio that can be used for the diagnosis of a nunber of
conditions, particularly Meniere's disease. The first wave, normally

| abel led Ni, of the response signal is exam ned to determ ne the sumating
potential (Sp), the action potential (Ap) and the second sumati ng
potential (Sp2), as shown in Figure 1. The response is only of the order 5
of a few V and is received wth consi derabl e unwanted noi se nmaking it
difficult to determne and isolate. International patent publication WO
2006/ 024102 to Monash University descrlbﬁﬁ an ECOG systemto extract neural
event data that can be used to indicate ether a person 10 has Meniere's,
Par ki nson' s di sease or depression. The syst em produces bi ol ogi cal marker

data representing the Sp/ ratl a TAP rker th n. be used to
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wi de variety minifeyrdegg Cahe and WLkl ﬂ&ﬂ&ﬁ&lelﬁlﬂﬂlle&a\lﬁltﬁoﬂﬁéafeﬁaohio wonkd] ds be
advant ageous to provide at |east a useful alternative or Eﬁartlcular a
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person that camnleuisashefRiendhif§eneRtnalisRrmanrs:. PhOMYRRYse is onlylomu@%mdance
wi th the present |nvent|on there is provided a neural response sttenl 20
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plurality of gikhinkesPedse signals obtained froma person; a segnenter for
segnent i a neural event extractor fbr perib 25 the tinme segnents
to obtain a b markers for each segnent The present invention also provides
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using a plur ters, pl ura response signals
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segnents; 1@ nqlas Meniere's, Parkinson's disease or depression. The systern produces biological marker

data representing the Sp/Ap ratio and a TAP marker that can be used to indicate the
presence of a disorder. To assist with identification of a wide variety of neurological and
neurodegenerative disorders it would be advantageous to provide at least a useful
alternative or in particular a system that is able to provide additional biological marker data

15 for a person that can be used for different disorders.

SUMMARY

In accordance with the present invention there is provided a neural response system,
20  including:
a plurality of filters for each receiving and filtering a plurality of tilt response
signals obtained from a person;
a segmenter for segmenting the filiered response signals into time segments; and
a peural event extractor {for performing a noural event exiraction process on gach of
25 the Hme segments to obtain and generate biomarker data representing a plurality of

biomarkers for each segment.

The present invention also provides a neural response process, including:
receiving and filtering, using a plurality of filters, a plurality of tilt response signals
30 obianed from a person,

scgmenting the filtered response signals into time segments; and



- 3 - processi ng each of the tine segnents to obtain and generate

bi omarker data representing a plurality of bionmarkers for each segnent. The
present invention also provides a neural response system including: 5a
neural response processor for processing tinme segnents of tilt response
signals obtained froma person to obtain biomarker data representing a
dynam ¢ phase of each tilt response signal; and a di agnostic tool

for processing the biomarker data to determ ne whether said person has a
neurol ogi cal condition. 10 BRI EF DESCRI PT| ON OF THE DRAW NGS Preferred
enbodi nents of the present invention are hereinafter described, by way of
exanple only, with reference to the acconpanyi ng draw ngs, wherein:

15Figure 1 is a representatjo f Sp, and Sp2 points related to the
first wave of a gé’ﬁ"@?séi“igz"ea(‘iL rtg‘gepfi%“@i l&ngtf%algr ERCREOORPEEE fEnd
defines the stymRhiino PohBRtdf dlomalRrsaoteaOp2epaite:.t he action potential Ap;
Figure 2 is a schematic diagramof a preferred enbodi nent of an EVestG
system connected to a patient; 20Figure 3 is a representation of the raw
data for an BEMeptdsesiigRafionRGKeEeEEs AV c@ral ledfonsagstenciaciadinghe system
Figure 4 is a diagramof a neural event extractor and a neyral event
extracti on® procesg S8Rl BEPRIEC BPCEROTAPT BIOGESIEE Hitfuic@MERts ChEIJGRPRT SI8%8km r e

di agram of figphl@led fRfa BerSS00BBIaR hiORaftMaROREREcnihg & Afhadhc pISE BNcdch Gur e 6
is a diagramof a Sp/Ap curve generated by the system
response signal; and

a diagnostic tool for processing the biomarker data to determine whether said

person has a neurological condition.

10
BRIEYF DESCRIPTION OF THE DRAWINGS
Preferred embodiments of the present invention are hereinafler described, by way of
example only, with reference to the accompanying drawings, wherein:

15 Figure 1 is a representation of Sp, Ap and Sp2 points related to the first wave of a
generalized ECOG response signal from an ECOG system and defines the summating
potentials Sp and Sp2 and the action potential Ap;

Figure 2 is a schematic diagram of a preferred embodiment of an EVestG system
connected to a patient;

20 Figure 3 is a representation of the raw data for an EVest( signal produced by a tilt
sequence of the system;

Figure 4 is a diagram of a neural cvent extractor and a neural event extraction
process performed by an analysie module of the system;
Figure 5 s an architecture diagram of filters and s segmeniation component of the

25 system;

Figure ¢ is a diagram of a Sp/Ap curve generated by the sysiem;
Figure 7 is a schematic diagram of biomarkers obtained {rom dafa of an EVestG
ploi;
Figure 8 is a diagram of a diagnostic tool and process of the system;
30 Figure 9 is a diagram of biomarker thresholds used for indicating a disorder,

Figure 10 is a diagram of a Sp/Ap curve generated by the systemn before and after



Figure 7 is a schematic di agram of bi omarkers obtained fromdata of an
Vest G plot; Figure 8 is a diagramof a diagnostic tool and process of the
system 30Figure 9 is a diagram of bionmarker thresholds used for indicating
a disorder; Figure 10 is a diagramof a Sp/Ap curve generated by the system
before and after -4- the taking of a pharmaceutical conmpound (L-dopa) by a
sufferer of Parkinson's disease; Figure 11 is a diagramof a Sp/Ap
curve generated by the system before and after exposure of a clinically
depressed subject to a series of physical therapy (Transcranial Magnetic
Stinulation); S5Figure 12 is a diagram of a Sp/ Ap curve generated by the
system showi ng distinct DC shifts for a subject suffering from Meniere's

di sease; and ) igure 13.i di a an1o rve generated by
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2, provides a neural response systemthat i rate bloloqlca
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a patient 4 sy g@emnMQmmmvoluntary tilt 15 novenents in atilt chair 6.
The bi omar ker a i s generated b nal processing anal ysis of EVestG
si gnal s préduced if¥BuFe ’éﬁé%ﬂgf@lf’ Sg PrRYF§LepT age BléH‘ebgy’StFlﬁe‘*h‘i"ﬁ'\?éldtﬁﬁf“ary

tilts. An EVestGhigi fmlsuuje%t aht-ahp admiMam ek antiedas 10, 12 and 14
el ectrically connected t0o an
Figure 13 is a diagram of a Sp/Ap curve generated by the system showing a lack of

DC shifis for a subject with BPPV.
10 DETAILED DESCRIPTION

An electrovestibulography (EVestG) system 2, as shown in Figure 2, provides a neural
responsc system that is able to generate a biological marker, or biomarker, data
representing over 5,000 biomarker measures from a patient 4 subjected to involuntary tilt
15 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.

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
20 ECochG Electrode produced by Bio-Logic Systems Corp
(http://www.blsc.com/pdfs/HearCatalog.pdf) is placed on the tympanic membrane of an

ear of a patient 4. A second electrode 12 1s placed on the patient's carlobe, as a reference
point, and a third electrode 14 is connecled to the patient's forchead and to the common
point of the amplifier, A stueld connection 16 18 also made 1o an electiical isolation shueld
25 18 normeally wlaced arcund the testing reom. The shicld 18 is connected to the shield of
the amplifier 22. The festing room is a sound attenuated booth. The booth may include the
amplifier 22 with the rest of the computer systemn 20 placed outside the booth and

connecied fo the amplifier 22 by a USB connection.

30 The patient 4, as shown in Figure 2, is placed on the chair 6, such as a recliner lounge

chair, that allows the patient's head to rest passively and supported securely 1o relax the



anplifier circuit 22 of a conputer system 20 of the system 2. A first

el ectrode 10 (eg a 20 ECochG El ectrode produced by Bi o-Logic Systens Corp
(http://ww. bl sc.com dfs/HearCatal og. pdf) is placed on the tynpanic
menbrane of an ear of a patient 4. A second electrode 12 is placed on the
patient's earl obe, as a reference point, and a third electrode 14 is
connected to the patient's forehead and to the conmmon id connection 1.6 is
al so nade to an electrical 7518 normally placed around the testing room
The shield 18 is connected to the shield 5of the anplifier 22. The testing
roomis a sound attenuated. booth. The booth may include the anplifier 22
with the rest of the conputer system 20 pl aced outside the booth and
connected to the applifjier 22 by a USB cqnnectign., -5 subject during the
testing cycl sUPIEf g g ﬁeymﬁoﬁﬁéﬁeeﬁﬁtﬁ*%ﬂ& waw@gﬂa‘vghabféi'ﬁvésﬁceeeiSP?%‘Zﬁaﬂy
produced by NesuedyRbire Kihdhes IchitpAdMieuREKineti dsicoa) HaseeR)a paiait enabl e
a patient to be tilted and produce a response to this stipulus which is

| ess corrupt &4 tilgd mesepducs p resparst 1o Uas STAYYE RIS CH&aT RS BY BREHFIRCE5E ai ned
by an assi st gif in0B0ARY 1Rhd DY chihBe SRS 1§ HPas@iStahOmBnipNsHgand hRireadhstib! t

w t hout any patient néck nmuscle activity. Alternatively, the tilt chajr can
be fitted Wi tinduspéhedad HbWidautRRY pydmaneckdnesslspsHEht SA%{%nﬁtW(?’dk@cém chair
predet er m ne%ar? 64 fitedd AN HaUBhAéd b hidrA8R LRGSR WQE@M%&@@&&M}G@%&[@" ed
chair is used and configured to ensure stray electric fields caused 10 by

t he act uati onnwiungdrebii s¢quericeser vo- notors are elininated as far as possible
frombeing generated in the testing booth. The hydraulically actuated chair
is used to provide the tilts without producing either neck muscle artefacts
or stray el ect hydtadlicalydsttahvdtchainip usar andponpmsl icars stppyalechisdtldsamstds. To
reduce ocul ar. t efacts, .the tient | , ep.t:heid. !

cl osed du (#né’ yﬁ h%a “éag o nogf ctl(;ef/:g Cgl. ée%%ém{;]tégg;{r?gln?ﬁﬁﬁ:gdats gwﬁs €0§E1§%p¢0§i%§l35 ely
the 15 sane aagrsedi tac raNXighooy Ghelhydunichbadttalddtchainat usedp revide thegited by
the patient thenself. An EVestG signal or tilt response.i tai ned for
each tilt sed’ﬁrg‘ﬂ'éte*.’mq*f?glgt %E‘?{]t‘% flecgrm‘?slcﬁ:t a’g%a&tseonrcsé‘?y a@%%%?%o&% I%B%lt% ?Yéuri’?

upri ght and pegne} sigheim@adébank, Td péickatdaradricfacanthe phteneisalsp asked to lodept | on
(patient upright and propne). 20 The tilts,each pr ce _a raw EVes

Foaponse s gl evas codviiogi & e e Tridees RoedihaR A E TRl ey
the chairi$ aife &M 40 hoGmss volatar hed Euani Cal s ponsed by g phti@bthamsad | s
divided into 15 tine epochs or segnents, . bgt thifJ ﬁan be re ceq or i

i ncreased. TH@ B¥eRidlsignal poHl despredus @htemd dpiogach Jibseayenceo K Ylts, or tilt

conti nuousl y ¢t eidad BYadREpatnt 8RRt anliipore) TotardiBiek Absil@sPRELI&bGNal 25
hayi ng nul tiple frequency conponents. he main coni ponentsof interest are up

to 22,500 Hzang retgsiep(patigntaprighandpropdak (dependi ng on the signal to noise
ratio (S/IN)) is only a few sanples wi de. Accordingly a sanpling rate of
44, 1kHz is required during the test cycle as this rate has sufficient
sensi tivity e idleogeti pedaed: rave &VesiGhicspoaye ignali phshageqindigirade ul e yliby
tzh\(/a\oa?/zt em 2'scq-EQ:iw%s ?JWH!CHQ))I fLensf’ he PLeieh bhan #é ks re@;ﬂﬂsé Eﬁ@nﬁySt em
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 s continuously recorded by the
sysicm 2. The EVest(G neural response signal for each it is & time domain voliage signal
25 having multiple freguency components. The main components of interest are up te 22,500
Hz. In particular the Sp peak {depending on the signal {o noise ratio (S/N)) is only a few
samples wide. Accordingly a sampling rate of 44.1kHz is required during ihe test cycie as
this raie has sufficient sensitivity to recognise and record this event with adequate accuracy
by the system 2. This sampling rate can be higher than 44 1kHZ, and the system 2 would
30 then require fasier signal processing components. The seven iilts are performed with two

sets of etectrodes 10 to 14 positioned respectively for the left ear of the patient and the



30 then require faster signal processing conponents. The seven tilts are
performed with two sets of electrodes 10 to 14 positioned respectively for
the left ear of the patient and the - 6 - right ear of the patient. This
provides left and right data sinultaneously for each ear for each of the
seven tilts. Both ears are tested in both dynam c and static phases of al
tilt manoeuvres, as a neurological disorder can exist in either hem sphere
of the brain, and may only reveal its presence by conparison of each sides
response in simlar excitatory or 5 inhibjtory phases of one or other of
the left and right vestibular apparatus.” Such versatility is required if
the diagnostic test is to recognise differences in evoked response between
each hem sphere of the brain, where i neur o i cal rders
asynmetry of "fAthexicd M iEdn T&ecIUPVld%Selcé an egkﬂtoc{a %ﬁkﬁ‘%&@ﬁ OhicaLLE T 10
The sequence &G o£@RE Reveh liflts.] BotiOeaLHRMEL Il ik %blh}’d)fﬂ@ihmzéﬁd%ﬁ@l@ Rdasewlof Bl tilre
patient in the tilt chair resting the head/ neck against a neck rest and

recordi ng a BaERGHEHENES ¢ BErOWEiGHatisddey ranexso ‘TI%‘P‘" hemigpheps o g brappy ad
segnent 402 ipel Yeesya ﬁg)re%%@ﬁ&mmhg& bfSadh SISFEPRES ih BABEE &lcRhtdryd;i OF

to the occurrerce of til atient is then tilted through 45 to cone to
rest afterS 2 inlgbi®ry phaserdyl ond pi efhgyiof die lefh awshagt vesthylaswgpais. 2odh essatility

{ =20 255e00nds eyfed 7 AN3RLgARS! £1b LEPTLe SPANRAL HQ00LAIchTA0 Hvcen

seconds, and steady stat segnent 8 for t=30-40 secon
seni ci rcul ar ceendksisplier Io tharbrfiunwheronint sorgenereloging @ﬁ@é@sdﬁwheaﬁy of

novenent , anqucxoﬁggﬁ Em%iééggoﬁkﬁ%hﬁgxl§m§%%8nds froma signal recorded

at the onset 0 segnent) ‘assists with determ ning the
response generated by the semcircular canals. The onset response includes

o 2 Ol SRRy T RER 0, 690, S5 40,80 1 B
seconds r espeedting @leyheadfhiek GpAns @ geEntestAh0 recanlidyes Bickgrded $RE5) signal segment
402 for t=20 scconds. This segment 402 includes a BGi segment which is 1.5 seconds

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

15 onset transient (OnT) segment 406 for 1=20-30 seconds, and steady stale (SS) segmem. 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

of the head tilt (the On segment) assists with determining the response gencrated by the

semicircular canals. The onset response inchudes two additional segments, the movement

20 {OnA) segment 410 and the post movement (OnB) segment 412, which occur at =20-23

seconds and 1=23-25 seconds respectively. The OnA segment 410 can be divided to

provide an additional OnAA segment 413 for the first 1.5 seconds afler tilt and an OnBB

segment 415 for the next 1.5 scconds after . The OnAA and OnBB segments are

selected to be 20-21.5 and 21.5-23 scconds respeciively {or increased separafion of the

-
s

acceleration and decelorstion componoents that these sepments respectively represent. The
times are selected to take into account latency of the hydrautic chair 4 of 0.6-0.8 sec. These
segments include responses produced by the semicircular canals and the oiolithic organs,
The driven semicircular canal response ceases after about 10 seconds, and accordingly the
first 10 secconds are therefore considered as the onset transient (OnT) where this decay is
30 observed. The otolith organs, on the other hand, function to maintain static balance, or

balance during steady unidirectional movements. The steady state (SS) segment 408 can



provi de an additional OnAA segnment 413 for the first 1.5 seconds after tilt
and an OnBB segnent 415 for the next 1.5 seconds after tilt. The OnAA and
OnBB segnents are selected to be 20-21.5 and 21.523 seconds respectively
for increased separation of the 25 accel eration and decel erati on conponents
that these segnments respectively represent. The tines are selected to take
into account |atency of the hydraulic chair 4 of 0.6-0.8 sec. These
segnents i nclude responses produced by the semi circular canals and the
otolithic organs. The driven semcircul ar,canal response ceases after about
10 seconds, and accordingly the first 10 seconds are therefore considered
as the onset transient (OnT) where this decay is 30 observed, The otolith
organs, on the ofher band, functiqgn to nmaintai tatic. bal ance, or bal ance
during st eadyVEIRCE feaBepHA PROVE B g Q4 et e &5 Pualhent. 408
can -7- therefore be analysed to provide the driven response of the
otolithic organs separately, The sequengg for #Wgﬁﬁilt.is cquleted t t=40
seconds by t hEW seetetssiohgretiies sarpiait 241549 reonys & et ThEare fsPalehde Bt i ent
is returned tg@idhepidddl N pROSHK §d @ANRY S thk drigind] S@AAdScANE D sédafdsl ggponse
produced can again be segnented in a simlar manper. The segnents for the
return par® Ohe tesRonss produssd GehaEaIn 1o SpRIpsisdds At panpem) Thesepniants et G- 45
seconds; (ii)bRuesAoransttscdiabsi ent (UpOnT) 422 for 1=40-50 seconds;

() Upwards Onset (UpOn) 420 for t==40-45 seconds;
(i1) Upwards Onset Transient (UpOnT) 422 for t=40-50 seconds,
(i)  Upwards Steady State (UpSS) 424 for t=50-60 seconds;

10 (iv)  Upwards Acceleration (UpOnA) 426 for t=40-43 seconds;
(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.

15 The upOnAA segment is selected to be 40-41.5 seconds for increased separation of the
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.

20 The seven tilt sequences, or tilts, are:

(i) Up/Down. The chair 6 is moved so as to accelerate the patient's body vertically

with patient's head in & normal upright position, and then retumed,

-

i} Up/Down Frone, The chair is moved so as 1o acceleraie the patient's bady
25 vertieally with the patient's head and bedy in 2 prone or lyving down position,
and then returned,
(i)  Forward/Back. The patient's body is tiited from a rest position backwards
through 45°, and then returned.
{iv)  Ipstlateral. The patient's body is moved through 45 degrees ipsilaterally to the
30 clectrode 10, and then returned: If the clectrode 10 is in the left ear the til{ 1s ©

the left then the tilt is back fo the nght. For the right car the til is to the right.



(tii1)Upwards Steady State (UpSS) 424 for t=50-60 seconds; 10(iv) Upwards
Accel eration (UpOnA) 426 for t=40-43 seconds; (v) Upwards Decel eration
(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. 15 The upOnAA segnent is selected
to be 40-41.5 seconds for increased separation of the acceleration
conponent, and the upOnBB segnent to be 41.5-43 seconds for increased
separation of the decel eration conmponent. Again the tines are selected to
take into account hydraulic chair latency,of 0.6-0.8 sec. 20 The seven tilt

sequences, or tilts, are: (i)Up/Down. The chair 6 is noved so as to
accelerate the patient's body vertically with patient's head in a nornal
upri ght positio and then retyrned, Up/Down prone. The chair is noved so
as to accelerat@jthéﬂﬂpgﬁe r e AAHGNR ROy B indyed S rlegtres SaP RISl 10 Bepr one

or lying down 130 angkchb@n(, @hdihBe setlintd.) Féirivadndt,Bade. elctheddad isaptheslenody
istilted froma rest position backwards through 45, and then returned.
(iv)ipsilateral. Th&apéteitdris ‘sthpaight ard heradgntohiesigil: 4T hegisdbearitsdhis
erally to the 30el egtredg: ! O, and then returned: lithe electrode 10 is in
the left ear the tilt is to the left then the tilt is back to the right.
For the right &P t Fotationt The patignisthody jiggietated hetvgeen 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.

10
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 less muscle artefacts

15 vparticularly 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
20 such as Adobe Audition (hitp://www.pacific.adobe.com/products/audition/matn.htm!)
provided by a capture module 26. The amplifier 22 includes a CED 1902 isolated pre-
amplifier circuit and a CED Power 1401 analogue to a digital converter (ADC). Both the
CEID 1902 and CED 1401 ADC are produced by Cambridge Elecironic Design Limited

(hitp:fveww.ced coul). The CED 1401 ADC has an excelient low frequency {less than 1

25 Hz) response.  The computer system 20 further includes an analysis module 28 and a
display module 30. The analysis module 28 provides a neurai event extractor 400 and

mcludes computer program code {eg. MATLAB® code, htg://www.mathworks.com)

responsibie for performing a neural event exiraction process (NEEP) of the exiracior 400,
as shown in Figure 4, in conjunction with the other software modules. The analysis
30 module 28 also provides a number of different filters used to filter the response signal

samples, as discussed below. This filtering may include the removal of the system (or



(v)Contral ateral. The patient's body is noved 45 degrees contral ateral to
the el ectrode 10, and then returned. For instance, if the electrode 10 is
inthe left ear, the tilt is to the right and the patient is returned. For
the right ear the tilt is to the left 5(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 prpne or |ying down position. 10
During all movenents the head and neck are not noved relative to the body.
The whol e body is noved to reduce nuscle artefacts. Alternatively, the
tilts may be \Be,rfor,med by having.the subject lie d0\/\1/_|nlgn their b_aﬁk and
tilting thei rWBEdYoBRreREReiYP LR BrBecec Pnta ettt & the Jare| v ghgeton
backward diregid.@ns. These tilts produce |ess nuscle artefacts
15particularly for the ipsilateral and contralateral tilts. The conputer
system 20 of the EVestG system 2 includes the anplifier circuit 22 and a
conmmuni cat i ong,.HRAW-E4iéfaf AodNane biMehdshaiseah@ M PUb: & ofehRoramilcishiien 22
and then storing the response as a voltage signal over tine as a wave file
usi ng a cofpuk ©rprpride inani cotrolicty st g operalay ¢ corol the neural event extraction
(http://ww. [ iﬁlﬁ“i{’?b' - b QN i Bathtdubn apaevesad Jay a
capture nnduﬁ%%f%. e ’aﬁﬁgﬁ?;gegﬁrgggﬁ%pﬁélgggggﬁgi é:EJE%! %th i sol at ecPj a
preanplifier sbowr i Figareds. a TBECHPote progrgt eAalobdiwesofiyyare @pdilesad4 ol aiet er
(ADC). Both the _ 401, : Wo e (TN

El ectronic Desgolr%dgﬁ’%%?%g??% chggaéég&tgﬁ% %ﬁgrﬁu%q’%%g%p%& as gqgg’e?(ucbgl | ent
| ow f r equencyas Miessoft Wamlo5 ol jnux e Jjho hedwartheedwap tchde $hesmmligocifcyit tZer

i ncl udes ~anal ysj s dul e 28 an | spl.ay u I.S;.modul e
28 provi dZ@ gnﬁe%#gpdag@enﬁ Sméét ?Oén(?tq%er? %ﬂoos% g}ﬁcf s ﬁﬁ%l h%ggggoﬁg?g?@mzrﬁgﬁ?code
(eg. MATLABO (s@dewwhtibip.comwwizGed hvordisg sgsgmsr as poodictd &y flbe-Lpgicf Systvintg a

e e e hEE R ST Pl PR A s gy
nmodul e 28 al sayPscOMr@afcdumerarr coafroldifftfiesdiviard bl thersoduksd4tto 38 lttvaH tiche
response signal sanples, .as, djscussed bel otyv This fi I%eripgﬁw i r&cl gge t he
removal of tHBdE§ieedby ¢ frilled aqgrassapihal sleRipidhy PSS SHE RS BF OPRE Pedtdipe

det ecti onjgonRRRGRAL Sir@its,t fiBh NBULACs EMETHP(BY] 2AC talse peploAf&ISBy components or

maodules distributed across a compuier communications network, such as the Internet. For

example, dedicated filter 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 (o

enhance the processing speed.

20
The neural event exiraction process (NEEP), as shown in Figure 4, is the same as that
described in WO 2006/024102 for an EvestG response, except for the recording filtening,
and segmenting process 440, and the biomarker extraction process 450, The data

representing the EVestG responses obtained from cach of the seven Glis and for cach car of

g
L

a patient, 1,¢. 14 responses, is recorded, as discussed above, and then filtered three different
ways {o provide filtered data for three filtered responses for each tilt response, 1.e. filtered
responsc data for 42 filtered tilt responses. A shown in Figure 3, the liit responses of each
tilt 501, 502, 504, 506, S08&, 510 and 511 are each filicred by a first filter 512, a second
filter 514 and a third filter 516, The first filter 512 provides no filtering, as it allows all
30 frequencies to pass, including the data representing DC voltage levels. [t docs, however,

include a very narrow notch filter which introduces no phase shifts but removes power line



The graphics display nodul e 30 generates a user interface 32 for an
operator of the system5 2 to provide input controls so that the operator
can control the neural event extraction process (NEEP), and to generate
di spl ays of neural event data, such as the Sp/Ap plot shown in Figure 6.
The conputer program code of the software nodules 24 to 30 are stored on
menory of the conputer system 20 and are run on an operating system 34,
such as M crosoft Wndows or Linux. The hardware used may include the
anplifier circuit 22 10 and a standard pqrsonal conput er 20, such as that
produced by | BM Corporation (http: //MMM/IBH]COH). ECOG recordi ng systens
are produced by Bio-Logic Systens Corp (http://ww. bl se. conf hearing/).

Wil et the neural event ex ctlo ocess ( NEEP erforned

t he control d?“?%@msdﬁ%W%rﬁ) ﬁ@Hgnﬂﬁﬁé§°23mP8£3gﬁ%?$ Fwoﬁgnﬁnﬁéfgtood
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dedi cated 15 hardware circuits, such as ASICs an and al so perfornmed
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be used to provide the filters, and dedicated digital gnal processors

(DSPs) canS béndludeg atlzphight pastilermandibe tr ke S&¢ gw‘bﬂdew dEdEshighy rassdgert o

enhance t he mrgﬁ&%g'umgth%eﬁ%#@n I&soxﬁ@ymhu&uw th@weﬁcmoeupmy 856 for
(NEEP), as shown 1n Figure 4, is the sane as descri bed
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representing t estel responses obt al _ the seven s and
for each ear pefs ﬁltqnat fegingds, eher&aﬁ atlees pohsd diolémeat ewdietietiat as ovliygueissted

above, and, then ol téeegx%g'ct%dﬂwﬁsl b 18 R on PR SODRLRY iyl AR egah@ for

three fil onses onse response
data for 42 fbudlib@caematkckauseébpmgms dsegdeown in Figure 5, the tilt
responses of each tilt 501, 502, 504, 506, 508, 510 and 511 are each
filtered by a first filter 512, a second filter 514 and a third filter 516.
The first fi |'1th@l2125“1112reﬂ I’tlﬁl\tés@&&eﬂﬁe tadhtsegrhdiged 185 depmadthitnnpradebs B0 perfeauadnci es

Lo Dass: [ nclud g h sl gt sBresgnt L. B2 VoLl 0% bevelsinl Li9GE
shifts buisreqpyves, paresd, ineg, 420, J4Q2, 424, 426, 427, 428 and 429 for each filtered tilt
response, as discussed above. This produces 630 sets of data representing 630 filtered tilt

response segments. The segments comprise data obtained form the left ear of the patient

552 and data obtained from the right car of the patient 554. The outjmt of the record, filter

and segmentation process 440 is the 630 filtered tilt response signals that are each then

20 subjected to the remaining processes of the neural event extraction process (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 o obtain phase data across seven

25 equally logarithmucally space scales from 600Hz o 12K Hz, The scale data i processed o

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

However, a large phase change may be indefinable across ihe scales but at more than one
(or slight variations in) sample time. At scale 1, for example, a locus could be found at say
30 time sample 344, For scale 2 the loci might be at scale 345, scale 3 at loci 347, scale 4 foci

349, scale 5 loci 346, scale 6 loci 345 etc. This represents a curved connection of points



har noni cs, e.g. at 50Hz or 60Hz, and al so renobves hydraulic (proportional
val ve) switching artefacts that nay be introduced by hydraulic actuation of
the chair. This notch filter is also enployed at the output of the second
and the third filters 514 and 516. The second and third filters 514 and 516
bot h provide high pass filtering. The second filter 514 5 includes a 5Hz
hi gh pass filter and the third filter 516 includes a 120Hz hi gh pass
filter. Providing the three filtered tilt responses produced by the filters
512, 514 and 516 for processing by a neurgl event extraction process (NEEP)
gives the benefit that groups of biological markers that can be corrupted
by I ow frequency data are enhanced in the high pass filtered responses,

whereas other critical biolo |caI rkers that are only 10 can
only be extrat¥ed thgsetics TR PP FFcideF&t N F@&efprfe@eﬁtéoéﬂg’Zg 3{]%"63 for and
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filtered tilt responses are each segnented by a segnentation process 440
performed by SdynsHy i 559§ t he nodule 28 in order to produce the fifteen
segnents 402, 404, 406, 15 408, 410, 412, 413, 415, 420, 422, 424, 426,

427, 428 and 429 for each filtered tilt response, as dlscussed above Thi s
produces 630 Sacsthest lagants dissppensesst FIRCEEOIC Jata oF aSPEAR plot B <lppYRdand dgitent s.
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of the neural event extr I on process P) shown in Figure 4. This
produces Sp/ Ap data for each segnent, i.e. for each of the 630 sets of
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detecte to charact vith thehold in step 318 the 13L\ArN response.

Sonetimes neural events (field potentials) occur so that their waveforns
overlap. Wen this occurs the diagnostic biomarkers can becone corrupt ed.
To solve this problemthe neural event extraction process (NEEP) can

excl ude such events without |oss of biotnarker 30 integrity. To find these
events the loci of the Ap points are determned. if these |oci are closer
than an arbitrary nunber of sanples typically 66 sanples (1.5n8) both field
- 12- potentials can be excluded. A flag gan be set or reset so that the
excl usi on decision can be switched in or ‘6ut as part of the NEEP
processi ng. Once the Sp/ Ap or EvestG curve data is produced for each
segnent (350), the extraction 5 HrOCﬁ%s is able tg.invoke a %ionarker
extraction priRptedalscansby exgided dhilagagren seion A85e OB dhechEer deciyon eandie

bi ol ogi cal MmafkehediabRolitappassMhkd RBEL frodéskigr ent bi ol ogi cal nmarkers. As
there are 630 different segnents produced for each patient, this gives rise
to biological marker data representing 630 neasures of each bi omarker.
Accordingly, ¢he i Q@b@@vgﬁ@%umrdaﬁﬁgﬁoﬁﬁéeﬁw cacRRESRBNIS 01 the/daction

bi omar ker neasures. This is a 10 considerabl e amount of data obtained from
one patiend supjescisedble do tiveks aviepmirken exd@elienp@sesaiti-Bamy psh sament ghat
accuratel y defer-06,4Ae dRfCEBRfeRE Mkl dals WAGeMRL! £ BGi@Jred?e[%ngﬁﬁl' cal
and neur odegenerative disorders. The 17 biological nmarkers are as défined
bel ow and i | Inskerat ad there Fi 3P differensramgnty erpduerd idegdchipeiiaphdhiagivies risthie
whol e V shap t urye; . I IS L e Ap
pllot): 15 (1 o pRE s <cBUE cAE B’ of SPRANRSE, BOLRly WIS
above/ bel ow tthenbbsetitmeor maend paicel yeppesewte diOnt] Ot hiemAgker measures. This is a

10 considerable amount of data obtained from one patient subjected to the seven tilt sequences
and can be used to accurately determine the presence or not of a wide variety of
neurological and neurodegenerative disorders. The 17 biological markers are as defined
betow and illustrated in Figure 7 (and given the definitions Ap is the whole V shaped
EVestG curve; and the Ap point is the lowest point of the Ap plot):

15
(i) Pre Ap Elevation or Depression. An ¢levation or depression above/below the
baseline immediately preceding the Ap.
(i)  Post Ap Elevation or Depression. An clevation or depression above/below the
baseline immediately afier the Ap.
20 (i1} 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 (.3ms after Ap onset.
(v} Start point {leci). The time of commencement of the Ap.
{vi}  Haseline width, The width of the Ap al the baseline level,
25 (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.
(viit) Sp width. The width (time) from the Sp notch to the next downward arm of the
A,
(ix)  Sp Magnitude. The height of the Sp peak above the Sp notch point.
30 {x) TAP (internal). The width (time) of the Ap at the Sp notch level measured from

the downward arm of the Ap after the Sp notch horizontally to the upward arm



(i1) Post Ap Elevation or Depression. An elevation or depression
above/ bel ow the baseline imediately after the Ap. 20(iii)Ap Magnitude. The
vol tage nmagnitude at the Ap point. (iv) Sp notch point (loci). The tinme at
whi ch the downward arm of the Ap reverses/slows/stops, typically about
0.3ns after Ap onset. (v) Start point (loci). The tinme of commencenent of
the Ap. (vi) Baseline wdth. The width of the Ap at the baseline. |evel.
(vii) Sp peak. The tip of the short rise after the Sp not continuation
downwards of the Al') towards the Ap IomeiP point. (viii) Sp width. The
width (tinme) fromthe Sp notch to the next downward armof the (ix) Sp
Magni t ude. The hei ght of the Sp peak above the Sp notch point. 30(x)TAP
(internal). The mﬁdtq,(t'ne) of the Ap at the Sp notch | evel neasured from
the downward arm of 'A% after the Sp notch horizontally to the upward

arm - 13 - of tde ApAP (petch). TAR WiBdt(Ghk) offhe Apiadie it hot@) leodl tidaewdpfral t he
Sp notch I evel neasured fromthe Sp notch horizontal|ly to the upward ai m of

the Ap. (xi i )haEP BRief }é‘)rlﬂq”l‘fé”%tt‘?dll“’eupd“fa“{%@‘ﬁ rd armof the AP

between the Ap |gyesta xR, ﬁmeaﬂgctomm“gmr@&nﬁ bethSINBteBer@asy Reckir om
vertical to that arm (xi1ii) K ag&g}. The angle of the upward arm of the AP
¢

bet ween thé Ap | oweswoifangthe hejghty ﬁ@ﬂ@ﬁ@“@?“?ﬁbﬁ%Bvﬁ@F@WJW@H@Wred from
vertical to thafgar R axh¥)TiNaHKe 3P HcSpwakiaf oftthe AelRUeRh thangl 1dWBl fdikt

bi omar ker val ues.
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
10 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, as shown in Figures 12 and 13.
15
An additional two biomarkers for each of the 42 filtered tili response signals is obtained by
subtracting the data obtained in the OnAA and OnBB scgments from the BGi segment for

each response signal. This produces:
20 (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 It response signals.

2% The analysis module 28 also prevides a disgnostic tool 8BGO which performs a diagnostic
process, as shown in Figure 8, for a number of different disorders. The diagnostic process
for each disorder invoives first determining (based on a processing controi data) whether
the biological marker data for a patient is o be compared with that of fingerprint biological
marker data for 2 normal person without the disorder (802). If not, the process proceeds to

30 siep 814, but otherwise if it is to be so compared, then the biological marker data for a first

recorded segment is compared with the normal fingerprint data (804). The comparison is a



(xv) Sp/Ap ratio. Vertical distance from Sp notch to baseline divided by
vertical 10di stance from Appoint to baseline. (xvi) Spike Rate. The nunber
of field potentials detected and used to formthe Ap plot. (xvii) DC Shift.
The vertical shift between different Ap plots neasured fromthe baseline

| evel , as shown in Figures 12 and 13. 15 An additional two bi omarkers for
each of the 42 filtered tilt response signals is obtained by subtracting
the data obtained in the OnAA and OnBB segnents fromthe BG segnent for
each response signal. This produces: 20 (S)BC OnAA response data, and(b)

| 3G - OnBB response data. This produces 84 additional bionarkers
representing the dynamc response of each of the respective tilt response
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process is that of the disorder segment is recorded, again as a data log or by simply summing the

15 similarities for each biomarker. Once the last segment (the 630" segment) has been
accessed, as determined at step 820, the process then ends (824), otherwise the next
segment is accessed (822) and the comparison process 816 and recording process 818

completed again.

20 The deviation and/or similarity data obtained from the diagnostic too! 800 can then be used
to generate a report indicating whether or not the patient has a disorder. For example, a
pathology profile probability can be generated as a result of the data produced by the

diagnostic process. For example, to indicate that a patient may have or has Parkinson's
disease, the diagnostic process needs 10 produce deviation data Jor particular blomarkers

2% that exceeds respective thresholds levels or sums, Figure 9 1s an exampie of the mumber of
biomarker measures that are on average different for a patient with Parkinson’s Disease
when compared with biomarker measures for a normal patient or norimal conirol measures.
As shown in Figure 9, ithe disorder fingerprint data for Parkinson's discase requires the 16
biomarkers to each exhibit recorded deviations for a pre-determined number of segments

30 and tilis. For instance, the K angle biomarker would on average record approximately 62

deviations from normal, the Na and K angles biomarker on average approximately 68



10 perforned, where the biological marker data for the first segnent is
accessed and conpared with the disorder fingerprint data (816). Again, a
statistical analysis process is perforned, but this tine to determ ne and
record simlarities between the biological markers for each segnment (818).
Bi ol ogi cal marker data for the patient that is simlar to that of the

di sorder segnent is recorded, again as a data |og or by sinply summ ng the
15 simlarities for each biomarker. Once the |ast segnent (the 630"
segnent) has been accessed, as deterninqqsqt step 820, the process then
ends (824), otherw se the next segnent is accessed (822) and the conparison
process 816 and recordi ng process 818 conpleted again. 20 The devi ation
and/or simlarity data obtained, fromthe diagnostic tool 800 can then be
sed Lo generSETES BHB O Hre i G AR DB HES(on e 8a PRI THASD &0

di sorder. Fordeexasml Som doRadl MathdgihePsinfiedpanger RRabits.i Ty ware hrogener ahed as
a result of the data produced by the diagnostic process. For exanple, to

i ndi cate t hato™y HaPrtHTesHa VR BomagersHy bBIFed tRasHsor g?‘%’é‘%ig%? QqEIo8i agnosti ¢
process needs to produce deviation data for particular biornarkers that
exceeds respective thresholds levels or sunms. Figure 9 i s an exanple of the
number of bi obher Kefteeds i ébler fat prafeccoiomagiengdaty MokpdM Porbraseet i dnt

Wi th Parki nsopusdblcagash Mslers ONBRERL Whith R RRRSE dRASYNaRrd QfucRrdior mal
patient or nornmal control measures. As shown in Figure 9, the disorder
fingerprint dataupdionPgf ki poal $hedPYyEaSesYFEURE 5, hwineh chiuswarikergvews each
exhi bit recor Vil Al fQr \e- et ! n r t S and
Filts, For i Morace. e he R o) B BT Iy il B ager o Paes gk

appr oxi mat el yEx@dphteifarduodegdnehivandisnasks ateh duliiplabdlerosisn dlatksnsbir's nidiskese, on
aver age appr gxi ely 15 - 1Latlons Ok nd > Sp/,

ratio bioﬁgrEé?“gﬁﬁgvgggaetg%%ﬁ6xSﬁ%%%%%ﬂgO gg@?%?ﬁéﬂgéW¥%h1ﬁ%gﬁgﬁ W@?hin

t he 630 respokisleimagndsehs. To reduce processing tine, only the best three
to five biomarkers nay be used to assess or determne a condition. 5 The
system 2 is able to produce biomarker data indicating the presence of

neur odegener dtheveystis ar deaBo abldits gas@se Viiomdrkar dath rindicating kee patsseasds

where structures, and f.unctigns of a part .of. the . netvous , system eqg brain,
ot nal - col ampednlpeie) JiE B Ay o B Bt one Y uCh b Sty e e
chem cal , 1phygin@rlfutioni @hdgtwal indptjcslogity asml@spiokiongivab degeeeiRhi WE
di seases are a%:\)/lllj(lr}‘nlaptl)e%avslgwjirglr (%S;;h?/éicg%gﬁelw?osu(r)sr.] §1.1(:E| dsis%?fe?s" include Meniere’s disease,

BPPV, trauma, phantom pain and clinical depression (unipolar and bipolar).

The system 2 is also able to produce biomarker data indicating the presence of drugs that
20  may or may not have a reversible effect but result in malfunctioning of neural functions
and result in psychological and/or physiological manifestations of abnormal behavioural or
physical behaviours. Such disorders include the presence of alcohol (for example: 60-90
ml of 40% Alcohoel /Volume), medications (SSRIs (selective serotonin reuptake

snhibitorsy, Ledope morning daity medication doses) and et druge.

BPPV is benign positional paroxysmal vertigo, a balance disorder of the inner ear where
small calcium crysials become displaced from the otolithic organs (saccule, utricle) and
fodped, typicaliy, in one of the sema circular canals. The biomarkers particulacty important
in producing fingerprint data and used in the diagnostic process inchide the Sp/Ap ratio,
30 spike rate and DC shift. For example, as shown in Figure 13, the DC shifs can be

determined and are much smaller or not present for a patient suffering BPPV for the canal



10 Creutzvel dt Jacob Di sease, Schi zophrenia, Huntington's Chorea, Denentia
and Al zheiner's di sease. The system 2 is also able to produce bi omarker
data indicating the presence of neurol ogical disorders that may or nay not
be irreversible but result in malfunctioning of 15 neural functions and
result in psychol ogi cal and/or physi ol ogi cal manifestations of abnornal
behavi oural or physical behaviours. Such disorders include Meniere's

di sease, BPPV, trauma, phantom pain and clinical depression (unipolar and
bi polar). The system 2 is also able to prﬁduce bi omar ker data i ndicating

t he presence of drugs that 20 nmay or hot have a reversible effect but
result in mal functioning of neural functlons and result in psychological
and/ or physi ol ogi cal manifestations of abnornal. _behav ral or sj cal
bohayi our s SHGHC M6 ab e et he v aCeBRIgR BLCOHh AT pRakahiBhe:

60-90 m of @ﬁﬁé@mau@{qﬂopg{@mng@ﬂp@atl ons (SSIZl's (selective serotonin
reupt ake norning, daily nedical ion doses) and BIT'S/ is benign positional

par oxysmal vertigo, a bal ance disorder of the inner ear where small cal cium

crystal s becoje,;dispiaced fga%bé B80r 88 itehhufer 04:0ARSe $h8 AGRU She ddfnf.bicbgdr and
| odged, typically, in one of the sem circular canals. The biomarkers

particul ar by danpobecames mpreprssdescindgr frorgeopipus At togdeneedbriiresslon qfihe ter of
di agnosti c prtﬁ&%@r éa@&& Wae Fo;'xg éﬂ{}cﬁf?[ﬁ@"b&]&?m@s gﬁh&ﬁ dgﬁﬁao?t% 1Q(far§ch}cfntg For

exanpl e, as shown in Figure ts can be determ ned and are
much smal | er f'mgenpont pres@ntsed mrthadq@amqsemprosm inshida dheBRPAD fabio, siike whrmld -

16 - affecte gure 12 with the significant DC effects
arc typi cal q?c at pgﬁﬁucegh%mgkmggtlent not suffering BPPV. Meniere's

di sease is a balance di sorder of the inner ear where the fluid in the

sem-cir C f rpé'gﬁrbsa fhs‘f ‘ﬁg lSﬁag'i%ﬁlmgFg"t“ﬁ"a it Qs Qﬂ!cf%g R% gs[a?g&'gﬁygf fiz b%a?n

change th e | hner ear
bi omar kers paf tis Cdgboarated wrimomt:ampmtmn pclffodwcwujjalﬁlht)gef m’opmhlndadtazngndewaded in

;23 glaagf]OSt @rgg:ggﬁ:[glg écgdgn the su?l%{cr are rléelttgd b)sf %Irzhgf a(?mlmst%req P%ogahlan '

intermediate in Dopamine (neuro-transmitter) synthesis. The biomarkers are particularly
important in producing fingerprint data and used in the diagnostic process include TAP
15 (internal) from the contralateral tilt, Baseline width, spike rate, and Start point loci, and

BGi —~ OnBB response.

Schizophrenia is a neurological disorder associated with behavioural problems of the
sufferer and the presence of symptoms such as hearing voices and delusions. A sufferer
20 can have a genetic predisposition to the disease or it can be induced from substance abuse.
Excess levels of the neurotransmitier dopamine are also associated with the disorder. The
biomarkers particularly important in producing fingerprint data and used in the diagnostic
process include, Ap point magnitude (providing a measure of response synchrony),
contralateral and ipsilateral TAP (internal), Baseline width, spike rate, 5p peak, 5p notch
25 point loci, the Na and K angles Start point loei, and BGHU - OnBR and BGI - OnAA

FeSpOonse.

Clinicai depression is a state of intense sadness, melancholia or despair that has advanced
to the point of being disruptive to an individual's social functioning and/or activities of
30 daily living. The biomarkers particularly important in producing fingerprint data and used

in the diagnostic process include, contralateral and ipsilateral TAP (internal), Baseline



10 Parkinson's disease is a neurodegenerative di sease affecting the basal
ganglia of the brain. It is associated wth the depletion of the

avai lability of dopam ne during neural functioning. Its effects on the
sufferer are treated by orally adm nistered L-dopa, an internediate in
Dopam ne (neuro-transmtter) synthesis. The biomarkers are particularly

i nportant in producing fingerprint data and used in the diagnostic process
i nclude TAP 15 (internal) fromthe contralateral tilt, Baseline w dth,

spi ke rate, and Start point loci, and BG,_- OnBB response. Schizophrenia is
a neurol ogi cal disorder associ ated wi t h ‘Béhavi our al probl ens of the
sufferer and the presence of synptons such as hearing voi ces and del usi ons.

A sufferer 20 can have a genetic predisposition to the disease or. it can be
Cnduced fr om b Rk ECABRSEK, B3 aBlch PRy Aoy b g Mﬁlﬁf ph Sfirtoii Locs,

dopam ne are Ah$eiasw®H Adasi bih A Repsliseor der. The bi omarkers particularly
i nportant in producing fingerprint data and used in the diagnostic process

i ncl ude, Ap point nagnitude (providing a nmeasure* of response synchrony),

contrai at er alyamdoedoRs Chbh %reﬁllare?rlé?edﬁtial’}tcﬁio@@ér)of 1HRamel igﬂlﬁgll‘éicamgﬂﬁmél@&i\;e t he
Na and K angl es S%art point loci, and” e rate, Sp peak, Sp notch Ththil and

BG On, A, A 5 r egionisecodinaion abnogaprivedingty impvementacaorst). it ialectuhderdsg,
mel anchol i a o ?)?o%pd?f(crrdBtF?%an%fiﬁ@l%\fﬁp%etH%}}fgr BaPEndAk iscRle, bEI NG di srupti ve

co @ MThe , S
to an indivi dual" s Soci a oning and/or activities of 30 daily living.

The bi omarkers particularly inmportant in producing fingerprint data and

used I n the o En0st £ioRLPESnhAThiES: cSORLSALALELALART FRYALRE Y AP
required is similar to that for Parkinson's Discase,
10
Drug sensitivity has been tested, for example, for SSRI's (selective serotonin reuptake
inhibitors) and Dopamine. When L-Dopa, i.e. L.evodopa, is applied to Parkinson’s disease
patients the responses tend to more normal, as shown in Figure 10, so the same fingerprint
biomarkers as for Parkinson's disease are used to monitor the drug efficacy. Similarly for

15 depression, the same fingerprint biomarkers for depression are monitored to determine the

effectiveness of antidepressants (SSRI’s).

Therapeutic sensitivity to physical therapy, such as transcranial magnetic stimulation
(TCMS) can also be determined using the biomarker data. When TCMS has been applied
20 to clinically depressed patients the responses tend {o more normal, as shown in Figure 11,
so that changes to the same fingerprint biomarkers as for clinically depressed subjects

towards a more normal profile can be used to monitor the efficacy of the TCMS therapy.

The biomarker data produced by the system 2 can also be used to determine the dynamic
25 nature of & patient's response without reference 1o fingerprint biomarker data for a normal
condition or a disorder. For example, the sum of the Na and K angles can be 10° different
hetween ingilateral and contralateral tilts (1.e. excitatory tilts and inhibilory tilts), but for a
pattent suffering Meniere's disease the change in the angles between the two tilts is on
average much higher. Accordingly, a condition or disorder can be indicaied or determined

30 by simply observing the biomarker data obtained dynamically between different tilts.



- 17 - wdth, spike rate, Sp peak, Sp notch point loci, the Na and K angl es
and Start point loci, and BG - OnBB and BG - OnAA response.

Huntington's Chorea is a rare hereditary di sorder of the basal ganglia
causi ng progressive 5 notor in-coordination, abnormal involuntary novenents
(chorea), and intellectual decline. The biomarker data required is simlar
to that for Parkinson's Di sease. Al zheiner's disease is a common di sease
causing intellectual decline. The biomarker data required is simlar to
that for Parkinson's Disease. 10 Drug squitivity has been tested, for
exanple, for SSRI's (selective serotonin féuptake inhibitors) and Dopam ne.
When L-Dopa, i.e. Levodopa, is applied to Parkinson's disease patients the
responses tend to nore naormal, as shown in Figure 1Q, so the %ane
fingerprint DPoHSREIShENF gid Pangleiymmation thereaae VAR s ARy CBOHBH At he

drug effi cacybsehint dFdc¥ssin@r oflfre ARRNHARSE Aoasitrbe HaARE bk N@GELARIATo Bloomyar Ker s
for depression are nonitored to determ ne the effectiveness, of

ant i depr essaridditipmsbomayker daj fog jsipaiieg gelsterpimiperyitogle AYndRiont her apy, such
as transcrani al nmagnetic stinmulation (TCVM5) can al so be determ ned using
the bi omarker data. Wien TCVS has been applied 20 to clinically depressed
patients the Mawpoekentionswillths apparent hotheed skilled in B\t Withom denaging fronsiiet hat
changes 10 t MeRaffend bRORK HVefiorPhORRLK BESriRs, blh fefd bl X AERhSRSAY
subj ects towards a nore nornmal profile can be used to nonitor the efticacy
of the TCVS tdweriagey. The hi onarker data produced by the systemz can al so
he used to detennine. the riyy nature of a patient's response w thout
reference to fingerprint hinal condition or a disorder. For exanple, the
sum of the Na and K angles can be 10 different between ipsilateral and
contralateral tilts (i.e. excitatory tilts and inhibitory tilts), but for a
patient suffering Meniere's disease the change in the angl es between the
two tilts is on average nmuch higher. Accordingly, a condition or disorder
can be indicated or determined 30 by sinply observing the bi omarker data
obt ai ned dynam cally between different tilts. - 18 - In addition to the Na
and K angl e summati on there are various other conbinati ons and subsequent
processi ng of the biomarkers neasures that can be performed to provide
addi ti onal biomarker data for indicating or determ ning a disorder or
condition. 5 Many nodifications will be apparent to those skilled in the
art without departing fromthe scope of the present invention as herein
described, with reference to the acconpanyi nhg draw ngs.



- 19 - CLAIMS: 1. A neural response system including: a
plurality of filters for each receiving and filtering a plurality of tilt
response 5 signals obtained froma person; a segnenter for segnmenting the
filtered response signals into tinme segnents; and a neural event
extractor for performng a neural event extraction process on each of the
time segnents to obtain and generate bi omarker data representing a
plurality of biomarkers for each segnent. 10 2. A neural response system
as claimed in claiml, wherein the tilt response signals are obtained from
at least one el ectrode connected to at Fé3st one ear of the per son
subjected to a plurality of tilt sequences in a tilt chair. 15 3. A neural
response systemas clainmed in claiml1, wherein the filters include at |east
one of a not éh-4IMSer to substantially pass all frequencies, a first high
pass filter and a second high pass filter. 4. A neural response system as
clainmed in claim3, wherein the cut-off frequency for 20 the first filter
is about 5 HA.andAtrerabygsponsd syplemomelndpef or the second filter is about 120

e A meural 1esSpoRagia% iR B S, kol DieARE a Pkl A OCFHRGe

clainms, whereint neural event extractor generates curve
repr esent iing sgn8pbHpintd drd apetsemt i al curve fbi each segnent. 25 6. A neura

et ormi med ust g ERETOR e e FLBP Sl Do BEa s BN G e i s
and const ants asseaailesemickinactdnéorficgbehippt eatrilaverd wkivastion process on each of
the time segments to obtain and generate biomarker data representing a plurality of
biomarkers for each segment.
10
2. A neural response system as claimed in claim 1, wherein the tilt responsc signals

are obtained from at least one electrode connected to at least one ear of the person

subjected to a plurality of tilt sequences in a tilt chair.

15 3. A neural response system as claimed in claim 1, wherein the filters include at least
one of a notch filter to substantially pass all frequencies, a first high pass filter and a

second high pass filter.

4. A neural response system as claimed in claim 3, wherein the cut-off frequency for

20 the first filter is about 5 Hz and the cut-off frequency for the second filter is about 120 Hz.

5. A neural response systems as claimed in any one of the preceding claims, wherein
the neural event exiractor generates curve data representing a Sp/Ap field potential curve

for each segmoent.

. A neural response system as claimed in claim 5, wherein the biomarker data is
determined vsing the eurve data and the biomarkers represent relationships and constants

associated with the field potential curve.

30 7. A neural response sysiem as claimed in claim 5 or 6, wherein the biomarker data is

determined using the curve data and the biomarkers represent spike rates, and time and



- 20 - voltage neasurenents of the field potential curve. 8. A neural
response systemas clained in clains 5, 6 or 7, wherein the biomarker data
is determ ned using the curve data and the biomarkers represent ratios,
angles and 5 areas associated with the field potential curve. 9. A neural
response systemas clained in any one of the preceding clains, including a
di agnostic tool for conparing the biomarker data of each segnent with
fingerprint data for a condition, and recording devi ati on neasures between
said the fingerprint data and the 10 bi omarkcr data. 10. A neural response
systemas clained in claim9, wherein recording the deviations includes
summ ng the deviations, and the diagnostic tool conpares suns with the
fingerprint da}a for the biqnﬁrF rs. 15 11. A neural response system as
clai med in clVAifFRCIeafepahokt %‘%?Bﬂﬁmﬁ%wgv?epresent a conpari son between a
background phase and an accel eration or decel erati on phase of the response
signals, 20 12. A neural response systemas. clained in_any one of the
precedi ng cl & ns, 4 PRIFAUAPHENSE SYHFT a8 KRIPCS BrolapsjPe 819 My "R HEF SMMATETa
plurality of dialit JSRAMBESFBSng BRAuAL daRASId BOBiRILEY RYRGANRRS! Rithldsanat

| east one car of the person and an anplifier circuit to record the tilt
response si grigdasasspoeiedwib the Ncklgpbmed cieeeach tilt sequence. 2513. A neura
response systemas clainmed in claimiherein the tilt sequences include at

| east one of up/down, front/back, ipsilateral, contralateral, and rotation.
14. A neural espodseusy sseensashEmedselaimed mpmaowh obihg Presedieg gaims, pigludings A
neural respons i .0, Gl ai , -6l 8 -1y
Connect ed o SR aS: FrMalRE de b Gk kT Bl T R oR Rt
produced i n respondigionandashrding devieboumpaserch betwetnesaidethe fingarpram date laed theght

ear. 10 biomarker data.

10. A neural response system as claimed in claim 9, wherein recording the deviations
includes summing the deviations, and the diagnostic tool compares sums with the
fingerprint data for the biomarkers.

15
11. A neural response system as claimed in claim 1, wherein the biomarkers represent a
comparison between a background phase and an acceleration or deceleration phase of the

response signals,

20 12, A newral response system as claimed in any one of the preceding claims, including
a tilt chair for subjecting the person to a plurality of tilt sequences, and at least one
electrode connected to at least onc car of the person and an amplifier circuit to record the

tilt response signals produced in response to each 41 sequence.

25013 A neural response system as claimed in claim 12, wherein the ot sequences melude

at least one of up/down, front/back, ipsilateral, contralateral, and rotation.

14. A peural response system as claimed in claim 13, wherein the up/down and rotation
sequences includes sequences with the patient upright and sequences with the person

30 prone.



5 16. A neural response systemas clainmed in any one of the preceding
clainms, wherein the biomarker data indicates whether the person has at

| east one condition being a neurol ogical disorder and/or neurodegenerative
di sease. 17. A neural response systemas clainmed in claim 16, wherein the
condition includes 10 one of benign positional paroxysnmal vertigo (BPPV),
Meni ere' s di sease, Parkinson's disease, Schizophrenia, depression, BiPolar
Affective Disorder, Alzheinmers, Denentia, Attention Deficit and
Hyperactivity Disorder, Miultiple Sclerosis, Huntington's Chorea and

Creut zfel dt Jakob disease. 15 18. A neural“response systemas clained in any
one of the preceding clains, wherein the biomarker data indicates an effect
arising fromadm nistrati on of a pharmaceuti cal anﬂ/or @hysical t her apy.

19. A neural FespohB@UEyepee awtan & smred it dap Bhehgem @fﬁ??é&éf‘d?@ﬁa%&f i s,
wherein 20 thg HiREKEE pdando rGokSBElLf RsplirkE QLGN fradiRedindegd@nab Sadpeliveen
conditions having simlar synptons. 20. A neural response system as

clai med in cl¥awneofor {isdefesds apdibe E8MERE i ons are beni gn positi onal

par oxysmal vertigo (BPPV) and Menieres disease. 21. A neural response
systemas clained in claim19, wherein thc conditions are_clinical _

depr essi onSantP.-a depsudgpspensshasenh cingidas|aay opg pEdE iPRscdNg ipigesy Whereinpp A
neural eSPONGE PREAGRS Sdatd %&Ja#ﬁ% ﬂgﬁeuﬁeﬁ)rtﬁ&%ﬁébma%@ 1€dst bRE icBhiit S bads &
plurality of filters, a plurality of tilt 'response signals obtalned %ron1a
person; - 22neurdemrrbdisomie anfier fquradegandratiesgionse signals into tine
segnents; and processi ng each of the tine segnents to obtain and
generate bionmarker data representing a plurality of biomarkers for each
segnent. 5 2317A neunalralregppostsestpmos essmedincdlainEd wharegl thierro2difiomineludésn t he
tilt respqgnpse._si | s are.obtained fromat | o] |.ect.r.o ted to
at | east gﬂe ggrgﬂgﬁyﬁgpg%v%gﬂpgggrg@?ggg 5 Qﬁ%$37§%?€§u%b&%gﬁtggggggﬁkes
in a tilt chadikease, Schizophrenia, depression, BiPolar Affective Disorder, Alzheimers, Dementia,

Attention Deficit and Hyperactivity Disorder, Multiple Sclerosis, Huntington's Chorea and

Creutzfeldt Jakob discase.

15 18. A neural response system as claimed in any one of the preceding claims, wherein
the biomarker data indicates an effect arising from administration of a pharmaceutical

and/or physical therapy.

19. A neural response system as claimed in any one of the preceding claims, wherein
20 the biomarker data is used to differentiate a diagnosis between conditions having similar

sympioms.

20, A neural response systern as claimed in clabm 19, wherein the conditions are

benign positional paroxysmial vertigo (BPPY) and Meniere’s digease.

21 A neural vesponse system as claimed in claim 19, wherein the conditions are

clinical depression and a depressive phase of a BiPolar Affective Disorder.

22. A neural response process, mncluding:
30 receiving and filiering, using a plurality of filters, a plurality of it response signals

obtained from a person;



24. A neural response process as clained in claim22, wherein the filters
include at 10 | east one of a notch filter to substantially pass al
frequencies, a first high pass filter and a second high pass filter. 25. A
neural response process as clained in claim?24, wherein the cut-off
frequency for the first filter is about 5 Hz and the cut-off frequency for
the second filter is about 120 Hz. 15 26. A neural response process as
claimed in any one of clainms 22 to 25, wherein said processing generates
curve data representing a Sp/Ap field potential curve for each segnment. 20
27. A neural response process as clainmed iffclaim26, wherein the bionarker
data is determ ned using the curve data and the bi omarkers represent

rel ati onshi ps and constants assqciated with the field Ro gntlal curve.

28. A neural respdﬁ@@mﬁmégﬁ§§w§@r?PQPﬁéﬁ“?ﬁ“%ﬂ%Wﬁf%@%T W25 is

determ ned using tecesdiiy) Gactlaganansiné Re@sdnts &Pbok@inr atdegeneam bidniek e Ndhta

vol tage neasurenents of the field potential curve. 29. A neural response
process as cI@PWﬁ@“P&aEh%ﬂ%%mﬁﬂ”n@ﬁﬁbﬁ“9§ SG#HRTEI n the bionarker data is
determ ned using the curve data and t he bi omarkers represent ratlos angl es
and 30 areas associated wth the field potential curv - 30.A neurm
response pPocths o neyraliPRpEANSePIASP 25 skipd @I%“ﬁfé’-zaz‘ﬁh‘if%‘“ ’2}93 t11§ FF(’:H’QE’H‘? fgnals
conparing t hea Q'o%%{clﬂeﬁorgaatt %a@ﬂc on@@%ﬂctﬁﬁl@%ﬁﬁec‘@dtﬁ §i RELTRE | At oﬂﬁ@pér@dn a
condi ti on, and record ng deviation neasures between said the fingerprint
data and the bwﬁﬂudkeawdabwOfﬁhsm%w@%%UTemhﬁ@@ponse process as clained in
claim 30, wherein recording the deviations includes summ ng the deviations,
and the suns are conpared with the fingerprint data for the biomarkers to
det er mi ne whetder fSaamd'alp:esmm trascss as dlagorddint dlam. 22, wigein fenfdigrsaincludg ponse
Process ag OC| glsrtr%r(iietl) note}l me%%d suvt\)'ht?mt‘iaa}!g r}i)ég 11%2;%}{(, ‘:s‘rasﬁ{steﬂgﬁﬁ%gtﬁl%parﬁ‘l a

corrparl son "be vveen a ground an acceleration eration

phase of the ﬁf@@ﬂn§£WB$QMals

25, A neural response process as claimed in claim 24, wherein the cut-off frequency for
the first filter is about 5 Hz and the cut-off frequency for the second filter is about 120 Hz.
15

26. A neural response process as claimed in any one of claims 22 to 25, wherein said
processing generates curve data representing a Sp/Ap field potential curve for each

segment.

20 27. A neural response process as claimed in claim 26, wherein the biomarker data 1s
determined using the curve data and the biomarkers represent relationships and constanis

associated with the field potential curve.

28, A neural response process as claumed w claim 20 or 27, wherein the biomarker data
2% s determined using the curve data and the biomarkers represent spike rates, and time and

voltage measurements of the field potential curve.

29, A neural response process as claimed in claims 26, 27 or 28, wherein the biomarker
data is determined using the curve data and the biomarkers represent ratios, angles and

30 areas associated with the field potential curve,



33. A neural response process as clainmed in any one of clainms 22 to 32,
wherein the tilt sequences include at | east one of up/down, front/back,
ipsilateral, contralateral, and 15rotation. 34. A neural response process
as claimed in claim 33, wherein the up/down and rotation sequences includes
sequences with the person upright and sequences with the person prone. 20
35. A neural response process as clainmed in claim 34, including connecting
el ectrodes to each ear of the person to record the tilt response signals
produced in response |b each tilt sequencg for the left ear and the right
ear. 2536. A neural response process as clainedany one of clainms 22 to 35,
wherein the biomarker data indicates whether the person has at | east one
condition being a neurol ogi cal disorder and/or neurodegeneratiyve . disease.
37. A neural r¥5porfs 8eHRIOEROESSH BIOBESE AR HIMS B HYnNse°T SIHBE ei?niot e EGHIRE i on

i ncludes 30 ofngfind #RIEMRRS dalaQiTRhcHDREAUMSHB fiN @k dring Aath BRPV ondRA| Qi€ S
di sease, Parkinson's di sease, Schizophrenia, depression, BiPolar Affective

Di sorder, Al zZisetréige dovizhomapnapuics betwepn said ledimgerpent daerand tle bigraarkgriataact i vi ty
Di sorder, Multiple Sclerosis, Huntington's Chorea and Creutzfeldt Jakob

di sease. 38. A neural response process as clained in any one of clains
22 to 37, whetlei n A haud rgperra Plasessdasiaimeaddn elatie 30,arheen weerdmgitag drylafipem
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response process as C d In any one of clains [ erein the

bi omar ker dat the bsmaged to detdinfifiewhatihdr atié persah kg aod cenddisnween condi ti ons
having simlar 10 synptons. 40. A neural response process as clained in
claim 39, wherein the conditions are benign positional paroxysmal vertigo
(BPPV) and Me3fi er ef scuthil sesasese phbesd s Aained iatlained) ohseinghobiessrkass refresenied i n

claim 39, erein the.conditions ar linical . r£sSS| 0 - r ive
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i ncl udi ng: response ségn@BUr al response processor for processing tinme segnents
of tilt response signals 20 obtained froma person to obtain biomarker data
representing a dynam c phase of each tilt response signal; and

33. A neural response process as claimed in any one of claims 22 to 32, wherein the tilt
sequences include at least one of up/down, front/back, ipsilateral, contralateral, and

15 rotation.

34, A neural response process as claimed in claim 33, wherein the up/down and
rotation sequences includes sequences with the person upright and sequences with the
person prone.

20
35. A neural response process as claimed in claim 34, including connecting electrodes
to each ear of the person to record the tilt response signals produced in response 16 each il
sequence for the left ear and the right ear.

25 36, A neursl response process as claimod in any one of claims 22 fo 35, wherein the
biomarker data indicates whether the person has at least one condition being a newological

disorder and/or neurodegenerative disease.

37 A neural response process as claimed in claim 36, wherein the condition includes
30 one of benign positional paroxysmal vertigo (BPPV), Meniere's disease, Parkinson's

disease, Schizophrenia, depression, BiPolar Affective Disorder, Alzheimers, Dementia,



a diagnostic tool for processing the bionmarker data to determ ne whether
sai d person has a neurol ogical condition.

.24 .

Attention Deficit and Hyperactivity Disorder, Multiple Sclerosis, Huntingion's Chorea and
Creuizfeldt Jakob disease.

38. A neural response process as claimed in any one of claims 22 to 37, wherein the
5 biomarker data indicates an effect arising from administration of a pharmaceutical and/or

physical therapy.

39. A neural response process as claimed in any one of ¢laims 22 to 38, wherein the
biomarker data is used to differentiate a diagnosis between conditions having similar

10 symptoms.

40. A neural response process as claimed in claim 39, wherein the conditions are

benign positional paroxysmal vertigo (BPPV) and Meniere’s disease.

15 41. A neural response process as claimed in claim 39, wherein the conditions are

clinical depression and a depressive phase of a BiPolar Affective Disorder.

42, A neural response system, including:
a neural response processor for processing time segments of tilt response signals
20 obtained from a person to obtain biomarker data representing a dynamic phase of each tilt
response signal; and
a diagnostic tool for processing the biomarker data to determme whether said

person has a neurclogical condition,



