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(54) Title: SYSTEM AND METHOD FOR IMPROVED DETERMINATION OF A BRAIN RESPONSE STATE

(57) Abstract: A device and a method for detecting a brain response state of
a subject id disclosed. The detection comprises repeatedly presenting the

subject with a sound stimulus for evoking a brain response. Detecting the
evoked brain response signal related to each of said sound stimulus. Determ-
ining a window having a time width covering at least partly an area of at
least one neuron's evoked response in the brain response signal. Calculating
an average response signal over the window and comparing the at least one
neuron's evoked response with the average response signal for determining a
cellular variance and/or volatility.



5 SPECIFICATION

TITLE: SYSTEM AND METHOD FOR IMPROVED DETERMINATION OF A ERAIN
RESPONSE STATE

BACKGROUND OF THE INVENTION

Field of the Invention

10 This invention pertains in general to the field of
stimulatory, particularly auditory brain response, and related
devices, systems and methods. More particularly the invention
relates to an improved system and method for analysing the brain
response development and more particularly the invention relates to

15 an improved determination of brainstem response development.

Description of the Prior Art

It is known that auditory brainstem response audiometry can be
used for screening test to monitor for hearing loss or deafness. If
using complex sound stimuli auditory brainstem response can be used

20 to assess brain stem disorders using sound stimuli. When auditory
brainstem methods are used for diagnosis of brainstem disorders they
rely on data set of normal healthy subjects for comparisons as a
step in the assessments. The assessments may also be time consuming
and in most cases cannot be performed in real-time. Real-time
25 analysis can be an important tool when evaluating brainstem response

state development, such as the affected by certain stimuli, such as

psychoactive compounds or substances including
psychopharmaceuticals, alcohol, drugs but also therapeutic
treatments.

30 In US 2009/0220426 a method for evaluating an effect of a

psychotropic compound or a treatment on a neuronal activity of an
animal including determining a change in the amount of information
generated by neurons in response to at least one repeatedly applied
stimulus. Also provided is a method of screening psychotropic
35 compounds for effectiveness on an animal which involves using a
change in sensory discrimination in a population of neurons of the
animal, wherein the sensory discrimination is obtained in response

to one or more stimuli repeatedly applied to the animal.
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5 The signals were recorded by utilizing surgically implanted
arrays of electrodes. All disclosed tests relate to somatosensory
and especially investigations of spatial and temporal structure of
the receptive field by touching different locations. Even though
auditory stimuli is mentioned in the description, it 1s not

10 disclosed how to wuse sound stimulus to carry out these

investigations.

Post-stimulus time histogram (PSTH) is typically not used in
humans. It cannot be applied to determine stimulus induced activity
in several parts of the brain simultaneously, as it demands

15 recording of a certain chosen structure. Thus the PSTH is suited for
animal research when the researcher knows what part of the brain to
look in, but is not a good choice when the researcher wants to sse
what 20 parts of the brain reacts in relatiocn to a psychoactive

conmpound.

20 Thus a technique aiming at giving guidance for the researcher,
not only the amplitude of the psychcactive drugs effect, but also
where it affects the brainstem would be an advantage. It is wanted
to compare different parts of the brainstem, without having to
position the device in specific neurons, as is the typical case with

25 PSTH.

Hence, an improved device, and a method thereof, for diagnosis
of brainstem disorders and/or the influence of a psychoactive
compounds or substances on & subject, would be advantageous and in
particular a device allowing for a testing procedure that does not

30 rely on any cognitive effort from the subject would be advantageous.
Also, improved specificity and reliability of the diagnosis should

be more advantageous.
SUMMARY OF THE INVENTION

Accordingly, examples of the present disclosure preferably

35 seek to mitigate, alleviate or eliminate one or more deficiencies,
disadvantages or issues in the art, such as the above-identified,
singly or in any combination by providing a device and a method,

according to the appended patent claims.

An evoked response state of a subject is determined over a
40 number of evoked responses as a function of cellular variance and/or

volatility. More particularly the disclosure provides obtaining a
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complex profile of cellular uncertainties in the evoked responses.
The sound stimuli is here auditory stimuli which may be referred to
as “sound pulses”, but can in some examples be transient peaks,
clicks, tone bursts, or other suitable types of auditory stimuli

suitable for repetitive presentation.

According tc aspects of the disclosure, a method is provided
for detecting a brain response state of a subject by determining
cellular variance and/or volatility of at least one neuron’s evoked

response. This 1s performed by:

Repeatedly presenting the subject with a sound stimulus for

evoking a brain response.

Detecting the evcked brain response signal related to each of

the scund stimulus.

Determining a window having a time width covering at least
partly an area of the at least one neuron’s evoked response in the

brain response signal.
Calculating an average response signal over the window.

Comparing the at least one neuron’s evoked response with the
average response signal for determining a cellular variance and/or

volatility.

The term “one neuron” or “a group of neurons” refers herein to
a neuron or a group of neurons beleonging to the same cluster or
structure, such as a nucleolus, interconnected nuclei or a layer. An
evoked response from this one neuron or group oI neurons may form a
peak on a recorded response signal. If no response is evoked no peak

may be formed related to this one neuron or group of neurons.

The Dbrain response is preferably the evoked brainstem
response. The response signal from the brain stem is obtained 0 to

10 ms after presenting the subject with a sound stimulus.

In some examples of the disclosure of the method, the cellular
variance ard/or volatility is determined based on difference in

amplitude.

In some further examples of the method, the cellular variance

and/or volatility is determined based on difference in latency.
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In some further examples of the method, calculating the

average is based on a number of response signals,

The variance for an evoked response may alsc be calculated
using only an average calculated from the same 20 evoked response
within the window. Subparts of the evoked response is then compared
to this calculated average. This may be used to estimate swing or

shift in the selected evoked response area.

In some further examples of the method, the method is used for

determining a brain disorder, such as a brain stem disorder.

In some further examples of the method, the methed is used for
detecting an effect of a substance or compound on the brain of a

subject.

In some further examples of the method, the etfect 1is
detectable in real-time. The may be important when evaluating or
assessing the effect of a psychoactive compounds or substances on a

subject.

According to another aspect of the disclosure, & device 185
provided, for detecting a brain response state of a subject by
determining cellular variance and/or volatility of at least one
neuron’s evoked response. The device comprises a sound stimuli
generating unit operative to repeatedly present the subject with a
sound stimulus for evoking a brain response. The device further
comprises a detection unit operative to detect the evoked brain
response signal related to ecach of the sound stimulus and a storage
unit operative to store information based on evoked brain response
signal. Further the device comprises a control unit for determining
a window having a time width covering at least partly an area of the
at least one neuron’s evoked response, and for calculating an
average response signal over the window, and for comparing the at
least one neuron’s evoked response with the average response signal

for determining a ceilular variance and/or volatility.

In some examples of the device, the cellular variance and/or
volatility is determined based on difference in amplitude of the

area.

In some further examples cof the device, the cellular variance

and/or volatility is determined based on difference in latency of
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5 the area In some further examples of the device, the brain response

is a brainstem response.

In some further examples of the device, the cellular variance
and/or volatility is used for determining a brain disorder; and/or

an effect of a substance or compound on the brain of a subject.

10 According to another aspect of the disclosure, computer-
readable medium having embodied thereon a computer program for
processing by & computer, for for detecting a brain response state
of a subject by determining cellular variance and/or volatility of
at least one neuron’s evoked response. The computer progran

15 comprises code segments for:

Repeatedly presenting the subject with a sound stimulus for

evoking a brain response.

Detecting the evoked brain response signal related to each of

the sound stimulus.

20 Determining a window having a time width covering at least
partly an area of the at least one neuron’s evoked response in the

brain response signal.
Calculating an average response signal over the window.

Comparing the at least one neuron’s evoked response with the
25 average response signal for determining a cellular variance and/or

volatility.

The computer program may be executed on a computer or micro-

processor, such as being part of a control unit.

Auditory stimuli may be defined or referred to as “sound

30 pulses” or signals, including but not limited to, transient peaks,
clicks, tone bursts, or other suitable types of auditory stimuli
suitable for repetitive presentation. The stimuli should be auditory
perceptive to the subject to whom the stimuli is presented. Thus as
defined within the area of psychocacoustics the sound stimuli

35 presented to a human subject may have any frequencies between 20Hz
and 20000 Hz, and the amplitude may be from the lower limit of
audibility defined as 0 dB 25 or higher but preferably below
damaging level for the frequencies used. Preferably may be to use an

amplitude being a minimum threshold amplitude or higher for the
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5 particular frequencies used, but below damaging level for the
frequencies. Preferably the amplitude may be between 30 about 0 to
120 dB, preferably between about 0 to 100 dB, preferably between
about 0 to 90 dB, preferably about 70 dB.

The time width or duration of each sound pulse may be in the

10 range of 0.1 to 1000ms. Preferably the time with or duration of each
sound pulse may be approximately the time of the detection of the
evcked response of the brainstem, thus preferably between 0 to 100

ms, such as 0 to 50ms, such as 0 to 10 ms.

The detectable cellular variance and/or volatility of evoked

15 brainstem response may be used to detect the effect pharmaceutical
drugs/medicament may have on a subject for treatment, ease or relive

of a disorder and/or disease. Wherein the subject could suffer from

for example brainstem disorders; disorders of the nervous system Or

on neural states or other form of diseases or disorders having

20 detectable lateral Dbrainstem response states. Examples, but not
limited to, may be drugs related to: ADHD, depression, anxiety,
bipelar disorder, schizophrenia, Asperger syndrcme, epilepsy,
stress, relaxation, pain, immune response, allostasis; hypnotic,

analgesia or similar.

25 A psychoactive, chemical or herbal compound or substances may
refer to different types of drugs such as medical drugs,
psychoactive drugs, psychopharmaceutical, psychotropic, anesthesia,
pain controllers, psychiatric medication, illicit drugs, drugs of
abuse and drugs associated thereof. Compound or substances may refer

30 to compound or substances have an influence on & subject or
patienz’s central nervous system or may affect the brain functioning
resulting in changes in perception, mood, consciousness, cognition

or behavior.

Therapy may herein refer using a drug or counseling, such as
35 differernt kind of psychotherapy, for to treatment of a diagnosis or
ease of symptoms but may also refer to drug or counseling for

preventive therapy or supportive therapy.

It should be emphasized that the term “comprises/comprising”
when used in this specification is taken to specify the presence of

40 stated features, integers, steps or components but does not preclude
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5 the presence or addition of one or more other features, integers,

steps, components or groups thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other aspects, features and advantages of which

examples of the disclosure are capable of will be apparent and

10 elucidated from the following description of examples of the present
disclosure, reference being made to the accompanying drawings, in

which

Fig 1 is illustrating a schematic illustration of a device

according to one example of the present disclosure;

15 Fig 2 is illustrating a brainstem response audiograms over the

time range 0 and 10 ms;

Fig 3A is illustrating a graph for illustrating a principle of
determining cellular latency variance and/or volatility of one

neuron’s evoked response in a window having a time width;

20 Fig 3B is illustrating a graph for illustrating a principle of
determining cellular amplitude variance and/or 20 volatility of one

neuron’s evoked response in a window having a time width;

Fig 4A and 4B are illustrating graphs for illustrative purpose
of a determined cellular latency or amplitude variance and/or
25 volatility of one neuron’s evoked response in a window having a time

width;

Fig 5 is illustrating a schematic illustration of a method for

detecting a brain response state of a subject;

Fig 6A and 6B are illustrating an example of measurements
30 performed on one reference subject (Fig 6A) and one subject
diagnosed with ADHD (Fig 6B), the selected area of the response

signal is the pons area;

Fig 7A and 7B are illustrating an example of measurements
performed on one reference subject (Fig 7A) and one subject
35 diagnosed with ADHD (Fig 7B), the selected area of the response

signal is the thalamus area;

CAN_DMS: \127076894\1 7
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5 Fig 8A to 8C are depicting an example of classic auditory
brainstem response measurements by using averaging of a reference
subject and a subject diagnosed with ADHD, the used area is pons;

and

Fig 924 and 9B are illustrating an example of the advantages of
10 using variance of each individual response rather than averaging.

The used data is same as in the 10 example of Fig 8A to 8C.
DESCRIPTION OF THE PREFERRED EXAMPLES

Specific examples of the disclosure now will be described with

reference to the accompanying drawings. This disclosure may,

15 however, be embodied in many different forms and should not be
construed as limited to the examples set forth herein; rather, these
examples are provided so that this disclosure will be thorough and
complete, and will fully convey the scope of the disclosure to those
skilled in the art. The terminology used in the detailed description

20 of the examples illustrated in the accompanying drawings is not
intended to be limiting of the disclosure. In the drawings, like

numbers refer to like elements.

The present disclosure uses according to some examples

auditory brainstem response (ABR) to detect brain disorders, such as

25 brainstem discrder or disorders of the nervous system or on neural
states or other form of diseases or disorders having detectable
brainstem response 30 states. It may alsc be used to detect a
brainstem response state development for establishing an effect of a
psychoactive compound, substance, food or pharmaceutical

30 drugs/medicament.

The term “auditory brainstem response” is commonly used to
define electrophysiological measurement of the activity of the
brainstem within a time span of 0 to approximately 10 ms. Of course
this time span may vary somewhat, but not principally deviate from

35 this time span, while still be inside the scope of the present

disclosure, according to the appended claims.

Fig. 1 1s illustrating an exemplary device according to the
present disclosure. The device comprises a sound stimuli generating
unit 1, such as a tone generator, for repeatedly generating and

40 sending a sound stimulus. The generated sound stimulus is being

CAN_DMS: \127076894\1 8
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5 presented via a communication element 2 to a sound transmitting

device 3, such as a hearing phone, to a subject 4.

Simultaneously as the sound stimulus is being presented, a

trig-pulse is transmitted from the sound stimuli generating unit 1

to a triggering device (5), such as a trig-box, and further on to a

10 storage unit for storage of information 6, such as brainstem
activity, in which registration of electrophysioclogical brain
activity from the detection unit 7, such as electrodes, is
initiated. Hereafter the activity i1s imaged and analyzed on a
control unit 8, such as a computer equipment. The triggering of

15 registration is hence initiated by each start of a stimulus. The
analyzing performed by the control unit 8 may be conducted according

to the principles disclosed hereinafter.

The electrodes used to detect the Dbrainstem signals are
positioned on the head of the subject. Preferably, the electrodes

20 are detachable attached to the skin of the subject's head. For
example, the electrodes may be attached at the mastoid bcne, the
forehead and behind the ears. Other positions may be possible as

well depending on the signals to be detected and recorded.

Common features for the tests used are that the sound stimuli

25 is being presented to the subject in repeated sequences; typically
sound stimuli are repeated approximately 500-1500 times. A complete

test with high reliability is provided that takes only some minutes.
Because of the fact that each stimulus is registered when the trig-
pulse initiates the imaging apparatus, the brain activity caused by

30 the stimulation appears more significantly on a continuous basis in
relation to other brainstem activity. In this way the brainstems

specific responses to stimull are registered.

Alternatively, 1in some examples of the disclosure, 10 the

sound stimulus may comprise a first train of sound pulses and at

35 least a second consecutive train of the same sounds pulses but
modified. The first train of sound pulses may evoke a first response
signal as a response to the first train of unmodified sound pulses.

The second train of modified sound pulses may evoke a second
response signal as a response to the second train of modified sound

40 pulses. The response signal from the second train is compared to
the respconse signal of the first train for each stimulus. Thus the

test subject 1is his own reference and problems associated with
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5 absolute values may be avoided. The method 1s disclosed in
PCT/EP2011/065340 of the same applicant as the present application.
Using a stimulus comprising a first train of unmodified sound pulses
followed by a consecutive second train of modified sound pulses adds
an extra dimension, by correlation of the subject’s brain activity

10 alteration, to the specific sound modification.

Fig 2, is illustrating brainstem response audiograms 30 20

over the time range 0 and 10 ms. Each curve is illustrating a
response to a single stimulus. The peaks of the curves illustrate
different areas of one neuron’s evoked response or a group of

15 neurons’ evoked response to the presented stimuli. There are about
thirteen different 35 sound stimuli, such as pulses or clicks, known

to evoke a Dbrainstem response. In WO 2006/06248C, of the same
applicant as the present application, such sound pulses are

described in more details.

20 The dashed lines are illustrating a window 21 having a width
in time. The window 21 has an area 22 covering at least partly at
least one neuron’s evoked response, such as a group of neurons’
evoked response. In the illustration, & window with a time width 21
has been selected to cover one 10 of the at least one neuron’s

25 evoked response.

Additicnally, for determining the variance and/or volatility
for more than one cluster or structure of at least c¢ne neuron’s
evoked vresponse, each at least one neuron’s evoked response,
belonging to the same cluster or structure, may have their own

30 determined window with a time width 21.

For evaluation of normal auditory brainstem responses, all
curves are used to obtain an average curve. Only this average curve
is then being used for detection of 20 for example a discrder. For
the disclosure herein, as will be presented, information from each

35 evoked response curve is used individually to obtain more data and
information. This may increase the likelihood to obtain a higher
degree of security in providing the right diagnosis. It may also 25
make it possible to obtain the results of a test faster. It may also
expand the usability of ABR to other areas such as real-time

40 analysis of a subject’s response to psychoactive, chemical or herbal

compound or substances.
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5 Fig 3A, shows a graph 30 for illustrating a principle 30 of
determining cellular latency variance and/or volatility of at least
one neuron’s evoked response, such a the evoked response from a
group of neurons, in a window having a time width 31. The width of
the window may be in the range 1 to 4 ms, preferably around 2 to 3
10 ms, such as about 2.5 ms. The width has to be large encugh to cover
a sufficient area of a selected at 1least one neuron’'s evoked
response but not so large that it may overlap an area of a
neighbouring neurons’ evoked responses. The <cellular latency
variance and/or volatility are a measure of uncertainty in the
15 selected neuron cells. Peak 33 illustrates a determined average
latency from a number of evoked responses of at least one neuron,
such as a group of neurons belonging to the same cluster or
structure. By comparing the latency of each peak 32a-32h with the
latency of the average evoked 10 response of peak 33, the variance
20 and/or volatility for each evoked response of at least one neuron
may be calculated with respect to latency. The average latency may
be calculated by using all the evoked responses from a series of

repeated sound stimulus.

Alternatively, for example when doing real-time evaluations,

25 the average latency may be calculated from a first subseries of
evoked responses, such as the first, about 50 to 200, evoked
responses 1in a series of about 500 to 2000 consecutive sound

stimulus.

Alternatively and/or additionally, in some examples, the

30 latency variation may be calculated using only an evoked response of
at least one neuron from one stimulus. An average value 1is
calculating for the response within a window to which subpart cf the
evoked response is compared. This will give a measure of how much

the curve swing and/or shift.

35 Fig 3B, shows a graph 40 for illustrating a principle of
determining cellular amplitude variance and/or wvolatility of at
least one neuron’s evoked response in a 30 window having a time
width 41. The width of the window may be in the range 1 to 4 ms,
preferably around 2.5 ms. The width of the window has to be large

40 enough to cover a sufficient area of a selected at least one
neuron’s evoked response. The area of the window should preferakbly
not overlap with neighbouring neurons’ response areas. The cellular

amplitude variance and/or vclatility are a measure of uncertainty in
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5 the selected neuron cells. Peak 43 illustrates a determined average
amplitude from a number of evoked responses of at least one neuron,
such as a group of 5 neurons Dbelonging to the same cluster or
structure. By comparing the amplitude of each peak 42Za-42h with the
amplitude of the average evoked response of peak 43, the variance

10 and/or volatility for each evoked response may be calculated with
respect to the amplitude. The average may 10 be calculated by using

all the evoked responses from a series of sound stimulus.

Alternatively, for example when doing real-time evaluations,

the average amplitude may be calculated from a first subseries of

15 evoked responses, such as the first, 15 about 50 tc 200, evoked
responses in a series of about 500 to 2000 consecutive sound

stimulus.

Alternatively and/cr additionally, 1in some examples, the

amplitude variation may be calculated using only an evoked response

20 from one stimulus. An average value 1is 20 calculating for the
response within a window to which subpart of the evcked response is
compared. This will give a measure of how much the curve swing

and/or shift.

Fig 4A, is illustrating a graph 50 for illustrative purpose of

25 a determined cellular latency or amplitude variance and/or
volatility of at least one neuron’s evoked response in a window
having a time width. From a set of recorded evoked responses from at
least one neuron, both a plot illustrating cellular latency variance
and/or volatility and one plot showing cellular amplitude variance

30 and/or volatility may be obtained. Each line in the graph 50
illustrates the variance in an evoked neuron’s response as a
response to cne presented sound stimulus to a subject. The higher a

line 1is in the graph, the higher the variance for that specific
evoked respense as a result of a single stimulus. In the

35 illustrative graph 50 tl is marking the start of the test and tn is

a later arbitrary time.

Fig 4B, is 1illustrating a graph 60 for illustrative purpose

similar to the graph 50 in Fig 4A. In this graph tl 5 illustrates

the start of the test of a subject. At t2 the subject is delivered a

40 psychoactive, chemical or herbal compound or substance which may
have an effect on the variance and/or volatility of a selected at

least one neuron’s evoked response, here illustrated as an increase
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5 in 10 the variance and/or volatility. The effect may then decline.
The trend-line 61 may be used to determine the habituation which may
be used as a measure of the behavior in the variance of the selected

at least one neuron.

Additionally, in some examples, these measurements may 15 be

10 cenducted in real-time. This may be done by only calculating an
average using the responses between tl and t2 when the subject is
under nc influence of a psychoactive, chemical or herbal compound or
substance. The average is calculated at t2. After the time t2, when

the subject has 20 been delivered a psychoactive, chemical or herbal

15 compound or substance, the calculated average between tl and t2 may
be used to in real-time determining the variance and/or volatility

after the time t2.

Fig 5, 1is schematically illustrating a method 1000 25 for
detecting a brain response state of a subject, preferably a
20 brainstem response. The detection 1is performed by determining
cellular variance and/or volatility of at least one neuron’s evoked

response.

A stimuli’ generator is repeatedly presenting 1100 30 the
subject with a sound stimulus for evoking & brain response. A
25 detection unit is detecting 1200 the evoked brain response signal

related to each of the presented sound stimulus.

Determining 1300 a window having a time width covering at
least partly an area of the selected at least one neuron’s evoked
response 1s performed. The time width of the window may be

30 determined either automatically or having a predetermined time

width.

A control unit is then first calculating 1400 an 5 average
response signal over the determined window. Then the control unit
may determining 1500 the cellular variance and/or volatility in the

35 area of the selected at least one neuron’s evoked response by

comparing with the average response signal.

Fig 6A and 6B, are illustrating an examples of measurements
performed on one reference subject and one subject diagnosed with

ADHD. The test subjects are two men both born 1988.

CAN_DMS: \127076894\1 13

CA 2866415 2019-04-30



5 In the graph 70 in Fig 6A, the values of the 15 reference
subject is plotted. The measurement was performed using 1400 sound
stimuli and a time window of 2.5 ms, covering the evoked response in
pons. On the Y axis the Microvolt of the cellular amplitude variance
values in pons are plotted. The circle is highlighting an increase

10 in the 20 wvariance around 300 sound stimuli, which is a normal

reaction.

In the graph 80 in Fig 6B, the values of the subject diagnosed
with ADHD is plotted. The measurement was performed using 1400 sound
stimuli and a time window of 2.5 25 ms, covering the evoked response

15 in pons. On the Y axis the Microvolt of the cellular amplitude
variance values in pons are plotted. The overall enlargement of the
variance and the lack of the normal increase of variance around 300,

as for a normal person, may be traits of ADHA.

The k-values of the trend-line may be calculated being -2,075

20 for the reference subject and -1,081 for the subject diagnosed with
ADHD. The k-value implies that the habituation, as revealed by all
analysis, 1s altered in ADHD. The ADHD group has half the

habituation effect as compared to healthy reference controls.

Fig 7A and 7B, are illustrating an examples of measurements
25 performed on one reference subject and one subject diagnosed with
ADHD. The test subjects are two men both born 1988, same subjects as

in Fig 6A and B.

In the graph 90 in Fig 7A, the values of the reference subject

is plotted. The measurement was again performed using 1400 sound

30 stimuli and a time window of 2.5 ms, covering the evoked response in
thalamus. On the Y axis the Microvolt of the cellular amplitude
variance values in thalamus are plotted. The circle is highlighting

an increase in the variance around 300 scund stimuli, which is a

normal reaction.

35 In the graph 100 in Fig 7B, the wvalues of the subject
diagnosed with ADHD is plotted. The measurement was performed using
1400 sound stimuli and a time window of 2.5 ms, covering the evoked
response in thalamus. On the Y axis the Microvolt of the cellular
amplitude variance values in thalamus are plotted. The overall
40 enlargement of the variance and the lack of the normal increase of

variance around 300, as for a normal person, may be traits of ADHA.

CAN_DMS: \127076894\1 14
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5 The k-values cf the trend-line may be calculated, in this case
being -2,159 for the reference subject and -1,181 for the subject
diagnosed with ADHD. The calculated k-values dimply that the
habituation, as revealed by all analysis, is altered in ADHD. The
ADHD group has half the habituation effect as compared to healthy

10 reference controls.

In Fig 6A and 6B as well as in Fig 7A and 7B, the variance
inclination from first clicks to last is reduced in ADHD, which
implying that these deficiencies could be traits for ADHD. A method
and device for making such computations would be very useful for a

15 fast assessment of patient states. Further and increased accuracy in
providing a diagnosis may be achieved. The method and device may
perform a complete recording of information from a subject and
analyzing the information to determining the variance over time in a
couple of minutes. Thus the method and system may quickly detect

20 abnormalities, as demonstrated for ADHD in the above examples.

Fig 8A to 8C, are illustrating an example of an old standard

evaluation.

Fig 8A is depicting an example of a full averaged ABR output

110 from & classic ABR measurement. The average 1is made from a

25 number of evoked responses. The range of the total spectra of
responses is from 0 to 10 ms. The Dashed 1line 112 is a normal
reference subject while the solid line 113 is a subject diagnosed

with ADED. The two peaks 111 show the pons area and a time width of

about Z2ms.

30 Fig 8B is depicting a zoomed in activity 120 of the subject
diagnosed with ADHD. The variance within this area is established to

100.

Fig 8C is depicting a zoomed in activity 130 of the reference
subject not diagnosed with ADHD. The variance within this area is

35 established tc 100.

Fcr both subjects there is variance of 100 within the area.
Thus it may be concluded that when averaging there is no difference

in variance between a subject with ADHD and a reference subject.

Fig 9A and Fig 9B are examples of using variance of each

40 individual response. The data is the same as for averaging example
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5 of Fig 8A to 8C. The area showed is again the pons area using a 2 ms
time width of the window. The numbers of evoked responses are 500

illustrated by lines.

Fig 9A is depicting the variance plot 140 of the subject

diagnosed with ADHD. To increase the clarity, the trend-line 141 is

10 plotted. As in the example of 6A and 6B, there is no revealed
habituation for the ADHD subject by this method. Thus it is very

clear that a non-changing variance characterize the ADHD subject.

Fig 98 is depicting the variance plot 150 of the non- ADHD

reference subject. To increase the clarity, the trend- line 151 is

15 plotted. As in the example of 6A and 6B, there is a habituation for
the reference subject shown by this method. Thus it is very clear

that a change in variance characterize the non-ADHD reference

subject.

These examples given illustrate the improvement over the old

20 averaging method as well as the increase in possibilities of a fast
assessment and diagnosis of a subject. The need of using normalised
databases with healthy subjects for the assessment, as for the old
averaging method, may for the variance method be redundant since the
information may directly obtained from the wvariance and/or

25 velatility determination.

The present disclosure has been described above with reference
to specific examples. However, other examples than the above
described are equally possible within the scope of the disclosure.
Different method steps than those described above, performing the

30 methcd by hardware or software, may be provided within the scope of
the disclosure. The different features and steps of the disclosure
may be combined in other combinations than those described. The
scope of the disclosure is only limited by the appended patent

claims.’
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CLAIMS

1. A methed for detecting a brain response state of a subject,
wherein said method comprising:

repeatedly presenting said subject with a sound stimulus for
evoking a brain response;

detecting an evoked brain response signal related to each of
said sound stimulus, wherein said evoked brain response signal is an
electrophysiclogical signal and said evoked brain response signal
comprises at least one peak related to an evoked response of at
least one neuron;

determining a time window, said time window has a time width
covering at least partly one of said at least one peak in said
evoked brain response signal;

calculating an average evoked response signal based on said
evoked brain response signals over said time window; or calculating
an average value based on one cf said evoked brain response signal
over said time window;

comparing said evoked brain response signals over said time
window with said average evoked response signal; or comparing
subparts of said evoked brain response signal over said time window
with said average value; and

determining a variance or volatility of at least one neuron's

evoked response based on said comparison.

2. The method according te claim 1, wherein a cellular variance or

volatility is determined based on difference in amplitude.

3. The method according to claim 1, wherein said cellular variance

or volatility is determined based on difference in latency.

4. The method according to any one of claims 1 to 3, wherein
calculating said average is based on using a subseries of said

evoked brain response signals.

5. The method according to any one of claims 1 to 4, wherein said
sound stimulus comprising a first and at least a second consecutive
train of modified sounds pulses for evoking a first response signal
by said first train of sound pulses and for evcking a second

response signal by said second train of modified sound pulses.
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6. The method according to any one of claims 1 to 5, wherein said

evoked brain response signal is an evoked brainstem response signal.

7. The method according to any one of claims 1 to 6, wherein said

method is used for determining a brain disorder.

8. The method according to any one of claims 1 to 7, wherein said
method is used for detecting an effect of a substance or compound on

the brain of a subject.

9. The method according to claim 8, wherein said effect is

detectable in real-time.

10. A device for detecting a brain response state of a subject,
comprising:

a sound stimuli generating unit operative to repeatedly present
said subject with a sound stimulus for evoking a brain response;

a detection unit operative to detect an evoked brain response
signal related to each of said sound stimulus, wherein said evoked
brain response signal is an electrophysiological signal and said
evoked brain response signal comprises at least one peak related to
an evoked response of at least one neuron;

a storage unit operative to store information based on said
evoked brain response signal;

a control unit for determining & time window, said time window
has a time width covering at least partly one of said at least one
peak in said evoked brain response signal, and for calculating an
average evoked respcnse signal based on said evoked brain response
signals over said time window or calculating an average value based
on one of said evoked brain response signal over said time window,
and for comparing said evoked brain response signal over said time
window with said average evoked response signal, or comparing
subparts of said evoked brain response signal over said time window
with said average value, and for determining a variance or
volatility of at least one neuron's evoked response based on said

comparison.
11. The device according to claim 10, wherein said cellular

variance or volatility is determined based on difference in

amplitude.
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12. The device according to claim 10, wherein said cellular

variance or volatility is determined based on difference in latency.

13. The device according to any one of claims 10 to 12, wherein
calculating said average evoked response signal is based on a

subseries of said evoked brain response signals.

14. The device according to any one of claims 10 to 13, wherein
salid sound stimulus comprising a first and at least a second
consecutive train of modified sounds pulses for evoking a first
response signal by said first train of sound pulses and for evoking
a second response signal by said second train of modified sound

pulses.

15. The device according to any one of claims 10 to 14, wherein
said evoked brain response signal is an evoked brainstem response

signal.

le. The device according to any one of claims 10 to 15, wherein
sald cellular variance or volatility is used for determining a brain
disorder; or an effect of a substance or compound on the brain of a

subject.

17. A computer-readable storage medium having instructions stored
thereon that when executed by one or more processors perform
cperations for detecting a brain response state of a subject, said
instructions including:

repeatedly presenting said subject with a sound stimulus for
evoking a brain respanse;

detecting an evoked brain response signal related to each of
said sound stimulus, wherein said evoked brain response signal is an
electrophysiological signal and said evoked brain response signal
comprises at least one peak related to an evoked response of at
least one neuron;

determining a time window, said time window has a time width
covering at least partly one of said at least one peak in said
evoked brain response signal;

calculating an average evoked response signal based on said
evoked brain response signals over said time windew, or calculating
an average value based on one of said evcked brain response signal

over sald time window;
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comparing said evoked brain response signals over said time
window with said average evoked response signal, or comparing
subparts of said evoked brain response signal over said time window
with said average value; and
5 determining & variance or volatility of at least one neuron's

evoked response based on said comparison.

18. The computer-readable medium according to claim 17, comprising

code segments for performing any one of method claims 2 to 9.
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