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Test Data : Pre TMS n = 10 + 4 , Post TMS n = 7 + 3 , Controls n = 20 

U . S . Patent 

• MDD pre TMS . MDD post TMS A BIP pre TMS BIP post TMS Control 

Dec . 26 , 2017 

* 

3 

Interval 
wwwwwwwwwwwwww 

Sheet 20 of 21 US 9 , 848 , 791 B2 

AW4TYWA 
shape FIGURE 20 



Test Data : Bipolar n = 10 , Depression ( MDD ) n = 10 

U . S . Patent 

1 . bipolar 

1 Depression 

seperator 

- 25 
po ich 

Dec . 26 , 2017 

+ ie D 

Interval 

3 

- 2 

- 1 

e 

Sheet 21 of 21 

verw 

US 9 , 848 , 791 B2 

shape FIGURE 21 



US 9 , 848 , 791 B2 

15 

NEURAL ANALYSIS SYSTEM biomarkers for time segments associated with filtered elec 
trovestibulography response signals . 

This application is a National Stage Application of PCT ! To assist with identification of a wide variety of neuro 
AU2010 / 000 , 795 , filed 24 Jun . 2010 , which claims benefit logical and neurodegenerative disorders , particularly those 
of Serial No . 2009902935 , filed 24 Jun . 2009 in Australia 5 associated with the central nervous system ( CNS ) , it would 
and which applications are incorporated herein by reference . be advantageous to provide at least a useful alternative or in 
To the extent appropriate , a claim of priority is made to each particular an improved system that is able to analyse the 
of the above disclosed applications . neural event data and the biological marker data and produce 

displays or plots which are able to clearly correlate distinc FIELD 10 tions in the data obtained to indicate the presence or absence 
of a condition or disorder in a patient . The present invention relates to a neural analysis system 

for generating and analysing data indicative of a number of SUMMARY disorders using electrovestibulography . 

BACKGROUND According to one aspect of the present invention there is 
provided a neural analysis system , including : 

Systems have been developed to obtain an auditory a neural event extractor for generating Sp / Ap curve data 
evoked response ( AER ) or brainstem auditory evoked and field potential data for background and initial 
response ( BAER ) from a patient that represents activity of 20 response segments obtained from a person ; 
the patient ' s auditory system . The AER is an electrical brain a correlator for correlating the Sp / Ap curve data and field 
wave or neural response obtained from electrodes placed on potential data with pathology data for a condition , and 
the patient in response to a stimulus , normally a sound . generating biomarker data points for axes of a bio 
Depending on the latency of the response and the placement marker display ; and 
of the electrodes , different classes or types of AERs can be 25 a display module for providing display data to generate 
obtained . Those with the shortest latency are generated by the display with said points for use in assessing said 
the inner ear and the auditory nerve , and are referred to as person relative to said condition . 
electrocochleography ( “ ECOG ” or “ ECochG ” ) responses . According to another aspect of the present invention there 
The next response reflects activity within the auditory brain is provided a neural analysis system , including : 
stem and is referred to as an auditory brainstem response 30 a neural event extractor for processing signals represent 
( ABR ) . Further detail is provided in Hall , James W , III ; ing a response from a person ' s vestibular apparatus , to Handbook of Auditory Evoked Responses ; Allyn and generate Sp / Ap curve data and field potential ( Ap ) loci Bacon ; Needham Heights , Mass . , 1992 . for time segments ; Electrocochleography systems are currently used to per a correlator for correlating the Sp / Ap curve data and the form diagnoses of the cochlea and vestibular apparatus . In 35 
the case of the vestibular system , recently analysis for this Ap loci obtained from a person ' s right and left sides 

with average population Sp / Ap curve data and Ap loci specific part of the ear has been referred to as electroves 
tibulography ( EVestG ) , being a distinct variant of ECOG . to generate first and second correlation data for the 
The systems are used to produce a patient neural response Sp / Ap curve data and the Ap loci , respectively ; and 
which involves placing a recording electrode as close as 40 a display module for presenting the first and second 
practical to a patient ' s cochlea . An acoustic transducer , eg an correlation data for respective axes of a biometric 
earphone , can be used to provide an auditory stimulus to display . 
evoke the response . For EVestG the patient can be tilted , in According to another aspect of the present invention there 
different directions , to evoke a specific response from the is provided a neural analysis method , performed by a 
otoacoustic apparatus , but predominantly the vestibular 45 computer system , including : 
apparatus . It is not necessary to also use an auditory stimulus generating Sp / Ap curve data and field potential data for 
for EVestG . A distinct EVestG signal , similar to an ECOG background and initial response segments obtained 
signal but representing the neural response from the pre from a person ; 
dominantly vestibular apparatus , is used to determine an correlating the Sp / Ap curve data and field potential data 
Sp / Ap ratio that can be used for the diagnosis of a number 50 with pathology data for a condition to generate bio 
of conditions , particularly Meniere ' s disease . The first wave , marker data points for axes of a biomarker display ; and 
normally labelled N1 , of the response signal is examined to generating the display with said points for use in assessing 
determine the summating potential ( Sp ) , the action potential said person relative to said condition . 
( Ap ) and the second summating potential ( Sp2 ) , as shown in 
FIG . 1 . The response is only of the order of a few uV and 55 BRIEF DESCRIPTION OF THE DRAWINGS 
is received with considerable unwanted noise making it 
difficult to determine and isolate . Preferred embodiments of the present invention are here 

International Patent Publication Wo 2006 / 024102 by inafter described , by way of example only , with reference to 
Monash University describes an ECOG system to extract the accompanying drawings , wherein : 
neural event data that can be used to indicate whether a 60 FIG . 1 is a representation of Sp , Ap and Sp2 points related 
person has Meniere ' s , Parkinson ' s disease or depression . to the first wave of a generalized ECOG response signal 
The system produces biological marker data representing the from an ECOG system and defines the summating potentials 
Sp / Ap ratio and a TAP marker that can be used to indicate Sp and Sp2 and the action potential Ap ; 
the presence of a disorder . FIG . 2 is a schematic diagram of a preferred embodiment 

International Patent Publication WO 2008 / 144840 , also 65 of an EVestG system connected to a patient ; 
by Monash University , describes a neural response system FIG . 3 is a representation of a raw EVestG signal pro 
for generating biomarker data representing a number of duced by a tilt sequence of the system ; 
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FIG . 4 is a diagram of a neural event extractor and a room . The shield 18 is connected to the shield of the 
neural event extraction process performed by an analysis amplifier 22 . The testing room is a sound attenuated booth . 
module of the system ; The booth may include the amplifier 22 with the rest of the 

FIG . 5 is an architecture diagram of filters and a segmen - computer system 20 placed outside the booth and connected 
tation component of the system ; 5 to the amplifier 22 by a USB connection . 

FIG . 6 is a diagram of a Sp / Ap curve generated by the The patient 4 , as shown in FIG . 2 , is placed on the chair 
system ; 6 , such as a recliner lounge chair , that allows the patient ' s 

FIG . 7 is a schematic diagram of biomarkers obtained head to rest passively and supported securely to relax the 
from data associated with an EVestG plot ; subject during the testing cycle . Electrically powered tilt 

FIG . 8 is a diagram of a neural analysis process performed 10 chairs have been specifically produced by Neuro Kinetics 
by the analysis module of the system ; Inc . that enable a patient to be tilted and produce a response 

FIG . 9 is a diagram of a biomarker display generated by to this stimulus which is less corrupted by muscle artefact . 
the EVestG system for patients with Parkinson ' s disease ; An involuntary head tilt can be obtained by an assistant 

FIG . 10 is a diagram of a biomarker display generated by manipulating the chair 6 so as to induce the head tilt without 
the EVestG system for patients with Meniere ' s disease ; 15 any patient neck muscle activity . Alternatively , the tilt chair 

FIG . 11 is a diagram of a biomarker display generated by can be fitted with and controlled by hydraulic components to 
the EVestG system for patients with Schizophrenia ; invoke a predetermined set of involuntary tilt sequences . 

FIG . 12 is a diagram of a biomarker display generated by hydraulically actuated chair 6 is used and configured to 
the EVestG system for patients with depression ; ensure stray electric fields caused by the actuation of elec 

FIG . 13 is a diagram of a biomarker display generated by 20 trical servo - motors are eliminated as far as possible from 
the system for patients with Meniere ' s disease and Parkin - being generated in the testing booth . The hydraulically 
son ' s disease ; actuated chair is used to provide the tilts without producing 

FIG . 14 is a diagram of a biomarker display generated by either neck muscle artefacts or stray electric fields that may 
the system for patients with Parkinson ' s disease and schizo - corrupt sensitive signal measurements . To reduce ocular 
phrenia ; 25 artefacts , the patient is also asked to keep their eyes closed 

FIG . 15 is a diagram of a biomarker display generated by during the testing cycle . The head is tilted down to approxi 
the system for patients with Meniere ' s disease and schizo mately the same angle as a maximum voluntary head tilt that 
phrenia ; can be achieved by the patient themself . An EVestG signal 

FIG . 16 is a diagram of a biomarker display generated by or tilt response is obtained for each tilt sequence . The tilts , 
the system for patients with depression , bipolar disorder and 30 or tilt sequences , are up / down ( patient upright and prone ) , 
Parkinson ' s disease ; forward / back , ipsilateral , contralateral , and rotation ( patient 

FIG . 17 is a diagram of a biomarker display generated by upright and prone ) . 
the system for patients with depression , bipolar disorder and The tilts each produce a raw EVestG response signal , as 
Meniere ' s disease ; shown in FIG . 3 . The tilt sequences performed by the chair 

FIG . 18 is a diagram of a biomarker display generated by 35 6 are controlled so that the EVestG response signal obtained 
the system for patients with depression and schizophrenia ; is divided into 15 time epochs or segments , but this can be 

FIG . 19 is a diagram of a biomarker display generated by reduced or increased . The neural response produced on 
the system comparing patients with Parkinson ' s disease electrodes 10 to 14 is continuously recorded by the system 
before and after medication , and normal control patients ; 2 . The EVestG neural response signal for each tilt is a time 

FIG . 20 is a diagram of a biomarker display generated by 40 domain voltage signal having multiple frequency compo 
the system for comparing control patients with patients with nents . The main components of interest are up to 22 , 500 Hz . 
depression and bipolar disorder both before and after treat - In particular the Sp peak ( depending on the signal to noise 
ment using transcranial magnetic stimulation ( TMS ) ; and ratio ( S / N ) ) is only a few samples wide . Accordingly a 

FIG . 21 is a diagram of a biomarker display generated by sampling rate of 44 . 1 kHz is required during the test cycle 
the system for patients with a major depressive disorder ( e . g . 45 as this rate has sufficient sensitivity to recognise and record 
depression ) and bipolar disorder . this event with adequate accuracy by the system 2 . This 

sampling rate can be higher than 44 . 1 kHZ , and the system 
DETAILED DESCRIPTION 2 would then require faster signal processing components . 

The seven tilts are performed with two sets of electrodes 10 
An electrovestibulography ( EVestG ) system 2 , as shown 50 to 14 positioned respectively for the left ear of the patient 

in FIG . 2 , provides a neural analysis system that is able to and the right ear of the patient . This provides left and right 
generate biological marker , or biomarker , data representing data simultaneously for each ear for each of the seven tilts . 
over 5 , 000 biomarker measures from a patient 4 subjected to Both ears are tested in both dynamic and static phases of all 
involuntary tilt movements in a tilt chair 6 . The biomarker tilt manoeuvres , as a neurological disorder can exist in either 
data is generated by signal processing analysis of EVestG 55 hemisphere of the brain , and may only reveal its presence by 
signals produced in response to the stimulus provided by the comparison of each side ' s response in similar excitatory or 
involuntary tilts . inhibitory phases of one or other of the left and right 

An EVestG signal is obtained from electrodes 10 , 12 and otoacoustic ( predominantly vestibular ) apparatuses . Such 
14 electrically connected to an amplifier circuit 22 of a versatility is required if the diagnostic test is to recognise 
computer system 20 of the system 2 . A first electrode 10 ( eg 60 differences in evoked response between each hemisphere of 
a ECochG Electrode produced by Bio - Logic Systems Corp ) the brain , where in some neurological disorders asymmetry 
is placed on the tympanic membrane of an ear of a patient of functioning can occur , ( e . g . as for Parkinson ' s disease ) . 
4 . A second electrode 12 is placed on the patient ' s earlobe , The sequence for each tilt is to record firstly for 20 
as a reference point , and a third electrode 14 is connected to seconds with the patient in the tilt chair resting the head / neck 
the patient ' s forehead and to the common point of the 65 against a neck rest and recording a background ( BG ) signal 
amplifier . A shield connection 16 is also made to an elec - segment 402 for t = 20 seconds . This segment 402 includes a 
trical isolation shield 18 normally placed around the testing BGi segment which is 1 . 5 seconds immediately prior to the 
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occurrence of tilt . The patient is then tilted through 45° to ( iv ) Ipsilateral . The patient ' s body is moved through 25 to 
come to rest after 2 to 3 seconds . This gives an onset ( On ) 45 degrees ipsilaterally to the electrode 10 , and then 
segment 404 for t = 20 - 25 seconds , an onset transient ( OnT ) returned : If the electrode 10 is in the left ear the tilt is 
segment 406 for t = 20 - 30 seconds , and steady state ( SS ) to the left then the tilt is back to the right . For the right 
segment 408 fort = 30 - 40 seconds . The semicircular canals of 5 ear the tilt is to the right . 
the ear function to detect the onset of head movement , and ( v ) Contralateral . The patient ' s body is moved 25 to 45 
by analysing approximately 5 seconds from a signal degrees contralateral to the electrode 10 , and then 

recorded at the onset of the head tilt ( the On segment ) assists returned . For instance , if the electrode 10 is in the left 
with determining the response generated by the semicircular ear , the tilt is to the right and the patient is returned . For 

the right ear the tilt is to the left . canals . The onset response includes two additional seg - 10 ( vi ) Rotation . The patient ' s body is rotated between 45 ments , the movement ( OnA ) segment 410 and the post and 90 degrees to the right , and then returned , with movement ( OnB ) segment 412 , which occur at t = 20 - 23 patient ' s head in a normal upright position . seconds and t = 23 - 25 seconds respectively . The OnA seg ( vii ) Rotation Prone . The patient ' s body is rotated 
ment 410 can be divided to provide an additional OnAA between 45 and 90 degrees to the right , and then segment 413 for the first 1 . 5 seconds after tilt and an OnBB returned , with the patient ' s body in a prone or lying 
segment 415 for the next 1 . 5 seconds after tilt . The OnAA down position . 
and OnBB segments are selected to be 20 - 21 . 5 and 21 . 5 - 23 During all movements the head and neck are not moved 
seconds respectively for increased separation of the accel - relative to the body . The whole body is moved to reduce 
eration and deceleration components that these segments 20 muscle artefacts . Alternatively , the tilts may be performed 
respectively represent . The times are selected to take into by having the subject lie down on their back and tilting their 
account latency of the hydraulic chair 6 of 0 . 6 - 0 . 8 sec , and body through ipsilateral , contralateral , vertical and back 
can be further subdivided into smaller segments ( e . g . 21 . 5 . ward directions . These tilts produce fewer muscle artefacts 
22 . 25 and 22 . 25 - 23 seconds ) for further discrimination . particularly for the ipsilateral and contralateral tilts . 
These segments include responses produced predominantly 25 The computer system 20 of the EVestG system 2 includes 
by the semicircular canals and the otolithic organs . The the amplifier circuit 22 and a communications module 24 for 
driven semicircular canal response ceases after about 10 handling the data output of the amplifier 22 and then storing 
seconds , and accordingly the first 10 seconds are therefore the response as a voltage signal over time as a wave file 
considered as the onset transient ( OnT ) where this decay is using a computer program such as Adobe Audition provided 
observed . The otolith organs , on the other hand , function to 30 by a capture module 26 . The amplifier 22 includes a CED 
maintain static balance , or balance during steady unidirec - 1902 isolated pre - amplifier circuit and a CED Power 1401 
tional movements . The steady state ( SS ) segment 408 can analogue - to - digital converter ( ADC ) . Both the CED 1902 
therefore be analysed to provide the driven response of the and CED 1401 ADC are produced by Cambridge Electronic 
otolithic organs separately . Design Limited . The CED 1401 ADC has an excellent low 

The sequence for the tilt is completed at t = 40 seconds by 35 frequency ( less than 1 Hz ) response . The computer system 
then returning the patient to the original position . The patient 20 further includes an analysis module 28 and a graphics 
is returned to the original position over 1 to 2 seconds and display module 30 . The analysis module 28 provides a 
the response produced can again be segmented in a similar neural event extractor 400 and includes computer program 
manner . The segments for the return part of the tilt sequence : code ( eg . MATLAB® code ) responsible for performing a 

( i ) Upwards Onset ( UpOn ) 420 for t = 40 - 45 seconds ; 40 neural event extraction process ( NEEP ) of the extractor 400 , 
( ii ) Upwards Onset Transient ( UpOnT ) 422 for t = 40 - 50 as shown in FIG . 4 , in conjunction with the other software 

seconds ; modules . The analysis module 28 also provides a number of 
( iii ) Upwards Steady State ( UPSS ) 424 for t = 50 - 60 sec - different filters used to filter the response signal samples , as 

onds ; discussed below . This filtering may include the removal of 
( iv ) Upwards Acceleration ( UpOnA ) 426 for t = 40 - 43 45 the system ( or White Noise ) response of the feature detec 

seconds ; tion components of the neural event extraction process . 
( v ) Upwards Deceleration ( UpOnB ) 428 for t = 43 - 45 The graphics display module 30 generates a user interface 

seconds ; 32 for an operator of the system 2 to provide input controls 
( vi ) UpOnAA 427 for t = 40 - 41 . 5 seconds ; and so that the operator can control the neural event extraction 
( vii ) UpOnBB 429 for t = 41 . 5 - 43 seconds . 50 process ( NEEP ) , and to generate displays of neural event 
The upOnAA segment is selected to be 40 - 41 . 5 seconds data , such as the Sp / Ap plot shown in FIG . 6 . The computer 

for increased separation of the acceleration component , and program code of the software modules 24 to 30 are stored on 
the upOnBB segment to be 41 . 5 - 43 seconds for increased memory ( such as hard disk , RAM and / or ROM ) of the 
separation of the deceleration component . Again the times computer system 20 and are run on an operating system 34 , 
are selected to take into account hydraulic chair latency of 55 such as Microsoft Windows or Linux . The hardware used 
0 . 6 - 0 . 8 sec . may include the amplifier circuit 22 and a standard personal 

The seven tilt sequences , or tilts , are : computer 20 , such as that produced by IBM Corporation . 
( i ) Up / Down . The chair 6 is moved so as to accelerate the ECOG recording systems are produced by Bio - Logic Sys 

patient ' s body vertically with patient ' s head in a normal tems Corp . Whilst the neural event extraction process 
upright position , and then returned . 60 ( NEEP ) may be performed under the control of the software 

( ii ) Up / Down Prone . The chair is moved so as to accel - of the modules 24 to 34 , it will be understood by a skilled 
erate the patient ' s body vertically with the patient ' s addressee that steps of the process can be performed by 
head and body in a prone or lying down position , and dedicated hardware circuits , such as ASICs and FPGAs , and 
then returned . also performed by components or modules distributed across 

( iii ) Forward / Back . The patient ' s body is tilted from a rest 65 a computer communications network , such as the Internet . 
position backwards through 25° to 45° , and then For example , dedicated filter circuits can be used to provide 
returned . the filters , and dedicated digital signal processors ( DSPs ) 
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can be used to perform a number of the signal processing Once these loci are discriminated , characteristic data for 
steps to enhance the processing speed . a Sp / Ap plot is derived and used to select neural responses 

The neural event extraction process ( NEEP ) , as shown in from artefacts . The data for a Sp / Ap curve is determined by 
FIG . 4 , is the same as that described in WO 2006 / 024102 for averaging the loci determined across the scales , and an 
an EVestG response , except for the recording filtering , and 5 EVestG plot can be produced from the data for each segment 
segmenting process 440 , the biomarker extraction process as shown in FIG . 6 . 
450 and a correlation analysis process 460 . The data repre - The neural event extraction process ( NEEP ) can inadver 
senting the EVest responses obtained from each of the tently detect loci due to White noise . To address this and 
seven tilts and for each ear of a patient , i . e . 14 responses , is improve the S / N ratio of the extracted EVestG Sp / Ap plot 
recorded , as discussed above , and then filtered three differ - the white noise response can be subtracted by the system 2 . 
ent ways to provide filtered data for three filtered responses The system 2 achieves this by first inputting white noise 
for each tilt response , i . e . filtered response data for 42 filtered to match the recording characteristics of the system 
filtered tilt responses . A shown in FIG . 5 , the tilt responses ( eg . 10 kHz low pass and no ( DC ) , 5 or 120 Hz high pass 
of each tilt 501 , 502 , 504 , 506 , 508 , 510 and 511 are each 15 filtering ) and recording the EVestG Sp / Ap system response 
filtered by a first filter 512 , a second filter 514 and a third to this input , which is stored as a Band Limited White Noise 
filter 516 . The first filter 512 provides no filtering , as it ( BLWN ) response . A scaled BLWN response is then subse 
allows all frequencies to pass , including the data represent quently subtracted from the EVestG ( RAEVestG ) produced 
ing DC voltage levels . It does , however , include a very by the NEEP . The scaling factor is decided by determining 
narrow notch filter which introduces no phase shifts but 20 the Ap point of the RAEVestG . The scaling factor is set to 
removes power line harmonics , e . g . at 50 Hz or 60 Hz , and 0 and incremented in 0 . 01 steps until the Output 
also removes hydraulic ( proportional valve ) switching arte data = RAEVestG minus the scaled BLWN response sees the 
facts that may be introduced by hydraulic actuation of the Ap point ( response plot minima ) shifting by more than an 
chair . This notch filter is also employed at the output of the arbitrary time , typically 2 samples . Once subtracting the 
second and the third filters 514 and 516 . The second and 25 scaled BLWN response causes a marked adjustment in the 
third filters 514 and 516 both provide high pass filtering . The position of the Ap point , the scaling factor ( scale ) is set and 
second filter 514 includes a 5 Hz high pass filter and the third not increased any further . This gives an adjusted NEEP 
filter 516 includes a 120 Hz high pass filter . Providing the Output VestG = RAEVestG - scale * BLWN . The BLWN three filtered tilt responses produced by the filters 512 , 514 response is produced by the NEEP processing the white and 516 for processing by a neural event extraction process 30 noise response with the threshold in step 318 set so that ( NEEP ) gives the benefit that groups of biological markers significant field potentials are detected to characterise the that can be corrupted by low frequency data are enhanced in BLWN response . the high pass filtered responses , whereas other critical bio Sometimes neural events ( field potentials ) occur so that logical markers that are only present or can only be extracted 
when the low frequency data is present are also available . 35 their waveforms overlap . When this occurs the diagnostic 
e . g . some biological markers used for Meniere ' s disease . biomarkers can become corrupted . To solve this problem the 

The 42 filtered tilt responses are each segmented by a neural event extraction process ( NEEP ) can exclude such 
segmentation process 440 performed by segmenter 550 of events without loss of biomarker integrity . To find these 
the analysis module 28 in order to produce the fifteen events the loci of the Ap points are determined . If these loci 
segments 402 , 404 , 406 , 408 , 410 , 412 , 413 , 415 , 420 , 422 , 40 are closer than an arbitrary number of samples typically 66 
424 , 426 , 427 , 428 and 429 for each filtered tilt response , as samples ( 1 . 5 ms ) both field potentials can be excluded . A 
discussed above . This produces 630 sets of data representing flag can be set or reset so that the exclusion decision can be 
630 filtered tilt response segments . The segments comprise switched in or out as part of the NEEP processing . 
data obtained from the left ear of the patient 552 and data Once the Sp / Ap or EVestG curve data is produced for 
obtained from the right ear of the patient 554 . The output of 45 each segment ( 350 ) , the extraction process is able to invoke 
the record , filter and segmentation process 440 is the 630 a biomarker extraction process ( 450 ) on each segment that 
filtered tilt response signals that are each then subjected to generates metric data or biological marker data representing 
the remaining processes of the neural event extraction 17 different biological markers . As there are 630 different 
process ( NEEP ) shown in FIG . 4 . This produces Sp / Ap data segments produced for each patient , this gives rise to bio 
for each segment , i . e . for each of the 630 sets of data . The 50 logical marker data representing 630 measures of each 
segments are each treated as an EVest response by the biomarker . Accordingly , the biomarker data for each patient 
neural event extraction process ( NEEP ) . As discussed in WO represents 10 , 710 biomarker measures . This is a consider 
2006 / 024102 , the process decomposes each response seg - able amount of data obtained from one patient subjected to 
ment using a complex Morlet wavelet to obtain phase data the seven tilt sequences and can be used to accurately 
across seven equally logarithmically space scales from 600 55 determine the presence or not of a wide variety of neuro 
Hz to 12 KHz . The scale data is processed to determine loci logical and neurodegenerative disorders . The 17 biological 
where sharp changes in phase occur across all scales . markers are as defined below and illustrated in FIG . 7 ( and 
However , a large phase change may be indefinable across given the definitions : Ap is the whole V shaped EVestG 

the scales but at more than one ( or slight variations in curve ; and the Ap point is the lowest point of the Ap plot ) : 
sample time . At scale 1 , for example , a locus could be found 60 ( i ) Pre Ap Elevation or Depression . An elevation or 
at say time sample 344 . For scale 2 the loci might be at depression above / below the baseline immediately pre 
sample 345 , scale 3 at loci 347 , scale 4 loci 349 , scale 5 loci ceding the Ap . 
346 , scale 6 loci 345 etc . This represents a curved connec - ( ii ) Post Ap Elevation or Depression . An elevation or 
tion of points across the scales relating the same phase depression above / below the baseline immediately after 
change . To cater for this the NEEP allows for and applies an 65 the Ap . 
acceptable gap between scale sample times . This gap may be ( iii ) Ap Magnitude . The voltage magnitude at the Ap 
arbitrarily set , but is typically 1 to 3 samples . point . 
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( iv ) Sp notch point ( loci ) . The time at which the down frequency components of the response i . e . the components 
ward arm of the Ap reverses / slows / stops , typically occurring over longer time frames and is reflective of more 
about 0 . 3 ms after Ap onset . cortical inputs and time frames . The BGi segment is used as 

( v ) Start point ( loci ) . The time of commencement of the it reflects the immediate state prior to the tilt and there are 
Ap . 5 low frequency ( long time frame ) fluctuations in background 

( vi ) Baseline width . The width of the Ap at the baseline level . The on BB segment is used as it shows a large 
level . response change compared to background . The component 

( vii ) Sp peak . The tip of the short rise after the Sp notch 800 executes the following signal processing steps : 
point before the continuation downwards of the Ap ( 1 ) The max and minimum values of the on BB and BGi towards the Ap lowest point . Sp / Ap plots are determined by processing a data time ( viii ) Sp width . The width ( time ) from the Sp notch to the sample range 305 : 441 and 441 : 537 of the Sp / Ap plots next downward arm of the Ap . 

( ix ) Sp Magnitude . The height of the Sp peak above the where sample 441 corresponds to the Ap point ( corre 
Sp notch point . sponding to point 265 , as shown in FIG . 6 ) to cover the 

( x ) TAP ( internal ) . The width ( time ) of the Ap at the Sp 15 entire range from Pre Elevation and Depression to Post 

notch level measured from the downward arm of the Ap Elevation and Depression in order to determine the range 
after the Sp notch horizontally to the upward arm of the of the response above the baseline and to the Ap point . 
Ap . Each Sp / Ap plot includes 881 time sample points . Based 

( xi ) TAP ( notch ) . The width ( time ) of the Ap at the Sp on the larger range ( on BB or BGi ) the plots are nor 
notch level measured from the Sp notch horizontally to 20 malised by dividing by this range . The largest range in 

the upward arm of the Ap . data values is considered 100 % ( normally the range of the 
on BB plot is bigger than that of the BGi plot ) so this is ( xii ) Na angle . The angle of the downward arm of the AP taken to be the normal and the other scaled by it . between the Ap lowest point and the height of the Sp ( 2 ) The normalised BGi and on BB plots are subtracted to notch measured from vertical to that arm . 

( xiii ) K angle . The angle of the upward arm of the AP 25 generate data representing BG1 - on BB plots . generate data representing BGi - on BB plots . 
between the Ap lowest point and the height of the Sp ( 3 ) For each patient ( age and gender matched population ) 
notch measured from vertical to that arm . group an average BGi - on BB plot is generated for the 

( xiv ) Na + Kangle . Sum of the eleventh and twelfth ipsilateral and contralateral tilt sequences and the right 
biomarker values . data , left data and right plus left response data obtained 

( XV ) Sp / Ap ratio . Vertical distance from Sp notch to 30 from each member of the group . This produces 6 average 

baseline divided by vertical distance from Ap point to plots for each population group ( i . e . 2 tilts each for left , 
baseline . right and left + right data ) . Each population represents 

( xvi ) Spike Rate . The number of field potentials detected either a control group or group representing a pathology 
or a condition the group is known to possess , i . e . Parkin and used to form the Ap plot . 

( xvii ) DC Shift . The vertical shift between different Ap 35 son ' s Disease ( PD ) , Schizophrenia , Depression , 
Meniere ' s Disease , etc . The 6 plots per population can be plots measured from the baseline level . 

An additional two biomarkers for each of the 42 filtered obtained in advance and are used to obtain correlation 
tilt response signals is obtained by subtracting the data measure data for a patient or subject “ X ” . 
obtained in the OnAA and OnBB segments from the BGi ( 4 ) Subject X ' s six normalised BGi - on BB plot responses 

( all 881 time sample points ) are compared with the segment for each response signal . This produces : 
( a ) BGi - OnAA response data , and ( b ) BGi - OnBB respective 6 average plots for a control group or a 

pathology . The responses are obtained from the left data , response data . 
This produces 84 additional biomarkers representing the right data and right + left data for the ipsilateral and con 

tralateral tilts . These tilts are used as they generate the dynamic response of each of the respective tilt response 
signals . 45 largest response differences from resting or from each 

other . Ipsilateral tends to be excitatory and contralateral The analysis module 28 includes a correlation analysis 
component 800 , as shown in FIG . 8 , which performs an inhibitory , especially from the semicircular canals of the 

vestibular apparatus . Each comparison generates a corre analysis process 460 to generate display point data for each 
axis of condition diagnosis biomarker displays generated by lation measure using a correlation function . The correla 

tion function generates a correlation coefficient R as the the graphics display module 30 . The component 800 pro - 50 
cesses the EVestG curve data to generate plot point data for measure using the points of two compared plots . A 

number of different correlation functions can be used to one axis of a biomarker display , and processes time response 
data to generate plot point data for another axis of the provide the coefficient R . For example , 
biomarker display . An example of a biomarker display is 
shown in FIG . 9 and other displays are shown in FIGS . 10 55 
to 21 discussed below . Each point shown on the display ( x - 1 ) ( y – 5 ) R = Correl ( X , Y represents a patient or test subject . The position of the V2x - 3 ) ? ( y – 5 ) 2 patient ' s point in the display indicates the presence or 
absence of a CNS condition or the relative response by the 
patient to a particular treatment or dosage regime for that 60 where x and y are the sample means of the points x and 
condition . y of each compared plot X and Y , respectively . 

For the horizontal axis of the display , the biomarker data ( 5 ) The 6 coefficients obtained are summed together to 
used is the EVestG curve data for the BGi immediate provide correlation data representing the comparison with 
background t = 18 . 5 - 20 sec ) and on BB ( deceleration phase of subject X and a control population or pathology popula 
tilt t + 21 . 5 - 23 sec ) tilt phases / segments . Rather than using 65 tion . The values for the correlation data for a control and 
the data for all three filters , the data for the DC filter for these a pathology are subtracted to form the horizontal plot 
two segments is used . The DC data contains all the lowest point data for subject X on a scatter plot of a biometric 
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display . For example , to obtain a point for Parkinson ' s compared histograms . A number of different correlation 
Disease ( PD ) versus Control ( Horizontal Co - ordinate of functions can be used to provide the coefficient R . For 
scatter plot ) : example , 

Rx : Control ( tot ) = R x : Contro / ( right ) + Rx : Control ( left ) + 
Rx : Contro ( L & R ) ; 

the correlation data for X representing a measure of ( x - ) ( y – ) R = Correl ( X , Y ) : 
similarity with the control population ; V2x - 3 ) ? E ( y – 5 ) 2 
Ry : PD ( tot ) = Rx : Pb ( right ) + Rx : PD ( left ) + Rx : PD ( L & R ) ; 

the correlation data for X representing a measure of 10 where x and y are the sample means of the points x and 
similarity with the PD population ; and y of each compared histogram X and Y , respectively . 
Horizontal point = RX . control - PD ( tot ) = Rx . control ( tot ) , ( 10 ) The 6 coefficients obtained are summed together to 

Rx : PD ( tot ) . provide correlation data representing the comparison with 
subject X and a control population or pathology popula If the value of the horizontal point is positive , this 15 tion . The values for the correlation data for a control and provides a measure of the association of X with the control a pathology are subtracted to form the vertical plot point population . If it is negative , this provides a measure of the data for subject X on a scatter plot of a biometric display . association of X with PD ' s For example , to obtain a point for PD versus Control Referring to FIG . 8 , the correlation analysis component ( Vertical Co - ordinate of scatter plot ) : 800 performs a normalisation process 802 on the Sp / Ap 20 

( EVestG ) plots which involves steps ( 1 ) and ( 2 ) described RX : Control ( tot ) = R x : Contro / ( right ) + Rx : Control ( left ) + 
above , a correlation process 804 which involves steps ( 3 ) Rx : Contro ( L & R ) ; and ( 4 ) described above , and a coefficient process 806 which the correlation data for X representing a measure of involves step ( 5 ) and storing and processing the coefficients similarity with the control population ; to generate the points for the x axis of a biomarker display . 25 

For another axis , e . g . the vertical or y axis of the biometric Rx : PD ( tot ) = R x . PD ( right ) + Rx : PD ( left ) + Rx : PD ( L & R ) ; display , the biomarker data is generated from the recorded 
times of each extracted field potential ( i . e . Ap loci ) deter the correlation data for X representing a measure of 
mined by the NEEP at step 330 . For a given segment there similarity with the PD population , and 
may be over 300 Ap points detected . Using the signals 30 
obtained from the 120 Hz filter 516 ( to remove unwanted Vertical point = Rx . control - PD ( tot ) = R x : Control ( tot ) 
DC artefacts ) the field potential ( Ap ) times are used to Rx : PD ( tot ) . 
generate an interval histogram for the BGi immediate If the value of the vertical point is positive , this provides 
background t = 18 . 5 - 20 sec ) and on BB ( deceleration phase of a measure of the association of X with the control popula 
tilt t = 21 . 5 - 23 sec ) tilt phase segments . The intervals deter - 35 tion . If it is negative , this provides a measure of the 
mined are the time differences between adjacent Ap loci in association of X with PD . 
the segments . The correlation process 460 uses 25 time bins Referring to FIG . 8 , the correlation analysis component 
( < 0 . 5 ms , 0 . 5 - 0 . 6 , 0 . 6 - 0 . 71 , 0 . 71 - 0 . 8 , 0 . 8 - 1 , 1 - 1 . 2 , 1 . 2 - 1 . 4 , 800 performs a normalisation process 802 on the OnBB and 
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 , BGi interval histograms for the EVestG responses for those 
7 . 1 - 8 , 8 - 10 , 10 - 12 , 12 - 14 , 14 - 16 . 2 , 16 . 2 - 20 , 20 - 23 , 23 - 28 , 40 segments , which involves steps ( 6 ) and ( 7 ) , described above . 
28 - 33 , 33 - 50 ms ) to generate a histogram for each tilt phase A correlation process 810 , which involves steps ( 8 ) and ( 9 ) 
segment . The signal processing steps include : described above , is performed to obtain the correlation 
( 6 ) The interval histograms are generated and each is nor - coefficients for subject X using the interval histograms , and 
malised to represent a percentage of the number of field a coefficient process 812 , which involves step ( 10 ) includes 
potential intervals ( Ap points ) in the segment response , 45 storing and processing the coefficients to generate the points 
i . e . the total number of final Ap points is 100 % for the y axis of a biomarker display . 

( 7 ) The normalised BGi and on BB histograms are sub - The correlation component 800 can also be used to obtain 
tracted to give a BGi - on BB histogram with 25 points . biomarker data for a third axis of the display , e . g . the z axis , 

( 8 ) An average BGi - on BB interval histogram is created for using the correlation analysis process 460 to further improve 
the ipsilateral and contralateral right , left and right plus 50 separation and discrimination between patients . For this axis 
left ( or left - right ) responses for each age and gender a spectral density plot or spectrogram is generated using 
matched population group . Again , each population rep - 32 - 512 point Fast Fourier Transform ( FFT ) applied across 
resents either a control group or group representing a the Sp / Ap plot of one or a combination of the on BB , BGi 
pathology or a condition the group is known to possess , or BGi - on BB responses . The signal processing steps 
i . e . Parkinson ' s Disease ( PD ) , Schizophrenia , Depression , 55 include : 
Meniere ' s Disease , etc . These 6 histograms per popula ( 11 ) Each spectrogram is normalised so the total bin size 
tion can be obtained in advance and are used to obtain sums to 100 % . 
correlation measure data for a patient or subject “ X ” . ( 12 ) The normalised BGi and on BB spectrograms are 

( 9 ) Subject X ' s six BGi - on BB interval histograms ( having subtracted to provide a BGi - on BB spectrogram . 
25 point values for each histogram ) are compared respec - 60 ( 13 ) Average BGi , on BB and BGi - on BB spectrograms are 
tively with the 6 average interval histograms for a control created for the ipsilateral and contralateral right , left and 
group or a pathology . The interval histograms are right plus left responses for each age and gender matched 
obtained from the left data , right data and right + left data population group . Again , each population represents 
for the ipsilateral and contralateral tilts . Each comparison either a control group or group representing a pathology 
generates a correlation measure using a correlation func - 65 or a condition the group is known to possess , i . e . Parkin 
tion . The correlation function generates a correlation son ' s Disease ( PD ) , Schizophrenia , Depression , 
coefficient R as the measure using the points of two Meniere ' s Disease , etc . These 18 spectrograms per popu 
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lation can be obtained in advance and are used to obtain exhibit Schizophrenia and a group known to exhibit Parkin 
correlation measure data for a patient or subject “ X ” . son ' s disease . FIG . 15 shows a biometric display illustrating 

( 14 ) Subject X ' s six BGi - on BB spectrograms are compared the separation between a group known to exhibit Meniere ' s 
respectively with the 6 average BGi - OnBB spectrograms disease and a group known to exhibit Schizophrenia . FIG . 
for a control group or a pathology . The spectrograms are 5 16 shows a separation between a group known to exhibit 
obtained from the left data , right data and right + left data depression and a group known to exhibit Parkinson ' s disease 
for the ipsilateral and contralateral tilts . Each comparison and four patients known to exhibit bipolar disorder . FIG . 17 
generates a correlation measure using a correlation func shows the separation between a group known to exhibit tion . The correlation function generates a correlation depression , a group known to exhibit Meniere ' s disease and coefficient R as the measure using the points of two 10 four patients known to exhibit bipolar disorder . FIG . 17 also compared spectrograms . A number of different correlation shows four points obtained from four recording sessions functions can be used to provide the coefficient R . done for a patient known to have Meniere ' s disease and who For example , has been treated by a right ear vestibular neurectomy pro 

cedure , which involves severing the vestibular nerve . FIG . 
18 shows the separation between a group known to exhibit ( x - x ) ( y – 5 ) R = Correl ( X , Y ) = depression and a group known to exhibit Schizophrenia . 

V2 x – ) ( y – 5 ) 2 FIG . 19 shows a biometric display of the display points 
obtained for members of an age and gender matching control 

where x and y are the sample means of the points x and 20 and 20 group , the members of a group known to exhibit Parkinson ' s 
y of each compared spectrogram X and Y , respectively . disease before medication , and the members of the same 

( 15 ) The coefficients obtained are summed together to group after being medicated by L - Dopa medication . The 
provide correlation data representing the comparison with effects of the medication can be seen with the medicated 
subject X and a control population or pathology popula group moving towards the control group . 
tion . The values for the correlation data for a control and 25 FIG . 20 shows a biometric display of display points 
a pathology are subtracted to form the vertical plot point obtained for members of an age and gender matched control 
data for subject X on a scatter plot of a biometric display . group , the members of a group known to exhibit depression 
For example , to obtain a point for PD versus Control ( z before treatment , members of a group known to exhibit 
co - ordinate of scatter plot ) : bipolar disorder before treatment , and the members of the 

Rx . contro ( tot ) = Rx . contro / ( right ) + Rx : control ( left ) + same two groups after being treated using transcranial 
Rx . contro ( L & R ) ; magnetic stimulation ( TMS ) . The effects of the TMS treat 

ment can be seen with the treated groups moving towards the the correlation data for X representing a measure of control group . similarity with the control population ; FIG . 21 shows separation between a group known to 
Rx . PD ( tot ) = Rx . PD ( right ) + Rx : PD ( left ) + Rx . PD ( L & R ) ; exhibit a major depressive disorder ( e . g . depression ) and a 

the correlation data for X representing a measure of group known to exhibit bipolar disorder . 
similarity with the PD population ; and Generation of the biometric displays by the neural analy 

sis system is particularly advantageous as displays can be 
Z point = Rx : Control - PD ( tot ) = Rx . Control ( tot ) - Rx : PD ( tot ) . 40 produced to distinguish between subjects exhibiting a range 

If the value of the Z point is positive , this provides a of CNS disorders or conditions , and the effect of medication , 
measure of the association of X with the control population . without invasive techniques . 
If it is negative , this provides a measure of the association Many modifications will be apparent to those skilled in 
of X with PD . the art without departing from the scope of the present 

Another biomarker that can be used for example in 45 invention , as hereinbefore described , with reference to the 
depression or schizophrenia separation is the average of the accompanying drawings . 
Sp / Ap plot for a patient in regions 100 - 150 samples either 
side of the Ap plot and combinations thereof . The claims defining the invention are as follows : 
FIGS . 9 to 21 show biometric displays generated by the 1 . A neural analysis system , including : 

graphic display module 30 and the analysis module 28 using 50 a computer system comprising a processor and a display 
the display point data for the horizontal and vertical axes . device , the computer system configured to : 
The plots were obtained by correlating each of the subjects extract neural event data and generate therefrom Sp / Ap 
of the control and pathology groups with the average curve data and field potential data for background 
responses . For example , FIG . 9 shows the separation and initial response segments obtained from a per 
between the members of a control group , and the members 55 son ; 
of a pathology group known to exhibit Parkinson ' s disease . correlate the Sp / Ap curve data and field potential data 
FIG . 10 shows the separation between the members of a with pathology data for a condition , the pathology 
control group and the members of a group known to have data comprising Sp / Ap curve data and field potential 
Meniere ' s disease . FIG . 11 shows the separation between an data for background and initial response segments 
age and gender match control group and members of a 60 from a population known to exhibit said condition ; 
population known to exhibit Schizophrenia . FIG . 12 shows generate from the correlation biomarker data points for 
the separation between the members of an age and gender axes of a biomarker display wherein one of said axes 
match control group and a group known to exhibit depres represents the correlation between the Sp / Ap curve 
sion . FIG . 13 shows the separation between subjects in a data for the patient and the population , and the other 
group known to exhibit Meniere ' s disease and those known 65 of said axes represents the correlation between the 
to exhibit Parkinson ' s disease . FIG . 14 shows a biometric field potential data for the patient and the population ; 
display illustrating the separation between a group known to and 
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display on the display device the axes with said bio generating , using the computer system , from the correla 
marker data points plotted relative to said axes for tion biomarker data points for axes of a biomarker 
use in assessing said person relative to said condi display wherein one of said axes represents the corre 
tion . lation between the Sp / Ap curve data for the patient and 

2 . The neural analysis system as claimed in claim 1 , 5 the population , and the other of said axes represents the 
wherein the background and initial response segments correlation between the field potential data for the 
include data obtained from the right and left ears in response patient and the population ; and 
to a stimulus . generating , using the computer system , the biomarker 

3 . The neural analysis system as claimed in claim 2 , display with said biomarker data points plotted relative 
wherein the background and initial response segments are 10 said axes for use in assessing said person relative to 

said condition . obtained for ipsilateral and contralateral tilts . 
4 . The neural analysis system as claimed in claim 1 , 11 . The neural analysis method as claimed in claim 10 , 

wherein for the Sp / Ap curve data the segments are DC wherein the background and initial response segments 
filtered . include data obtained from the right and left ears in response 

5 . The neural analysis system as claimed in claim 1 , 15 to 
wherein for the field potential data the segments are high 12 . The neural analysis method as claimed in claim 11 , 
pass filtered to remove DC artefacts . wherein the background and initial response segments are 

6 . The neural analysis system as claimed in claim 1 , obtained for ipsilateral and contralateral tilts . 
wherein the computer system is additionally configured to 13 . The neural analysis method as claimed in claim 10 , 
generate correlation coefficient data for said person repre - 20 ) 20 wherein for the Sp / Ap curve data the segments are DC 

filtered . senting a measure of similarity with the pathology data for 
said condition , and correlation data for said person repre 14 . The neural analysis method as claimed in claim 10 , 
senting a measure of a similarity with neural event data wherein for the field potential data the segments are high 
obtained from a control population , and said points represent pass filtered to remove DC artefacts . 
the difference between the correlation data associated with 25 ? 25 , 15 . The neural analysis method as claimed in claim 10 , 
the pathology data and the correlation data associated with wherein said correlating includes generating correlation 
the control population . coefficient data for said person representing a measure of 

7 . The neural analysis system as claimed in claim 1 , similarity with the pathology data for said condition , and 
wherein said condition is a central nervous system condi correlation data for said person representing a measure of a 
tion , such as Parkinson ' s Disease . Schizophrenia . Depres - 30 similarity with neural event extractor data obtained from a 
sion , Meniere ' s Disease or Bipolar Disorder . control population , and said points represent the difference 

8 . The neural analysis system as claimed in claim 1 , between the correlation data associated with the pathology 
wherein the computer system additionally configured to data and the correlation data associated with the control 
generate spectrograms for the background and initial population . 
response segments obtained from the person , and to corre - 35 rre 35 16 . The neural analysis method as claimed in claim 10 , 
late the spectrograms with spectrograms obtained from a wherein said condition is a central nervous system condi 
population known to exhibit said condition and to generate tion , such as Parkinson ' s Disease , Schizophrenia , Depres 
a biomarker data point for another axis of the display . sion , Meniere ' s Disease or Bipolar Disorder . 

9 . The neural analysis system as claimed in claim 1 , 17 . The neural analysis method as claimed in claim 10 , 
wherein the computer system comprises an element of a 40 40 including generating spectrograms for the background and 
electrovestibulography ( EVestG ) system . initial response segments obtained from the person and 

10 . A neural analysis method , performed by a computer correlating said spectrograms with spectrograms obtained 
system , including : from a population known to exhibit said condition to gen 

generating , using the computer system , Sp / Ap curve data erate a biomarker data point for another axis of the display . 
and field potential data for background and initial 45 tial 45 18 . The neural analysis method of claim 10 , wherein the 
response segments obtained from a person ; computer system comprises a computer readable storage 

correlating , using the computer system , the Sp / Ap curve device storing computer program code for use in executing 
data and field potential data with pathology data for a the neural analysis method . 
condition , the pathology data comprising Sp / Ap curve 19 . The neural analysis method as claimed in claim 10 , 
data and field potential data for background and initial 50 whe a 50 wherein the computer system comprises an element of a 
response segments obtained from a population known electrovestibulography ( EVestG ) system . 
to exhibit said condition ; * * * * 


