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(57) ABSTRACT

One aspect of the present disclosure relates to a system to
facilitate at home neural monitoring. The system can include
a wearable device and an external device. The wearable
device can include an electrode configured to be placed
behind a patient’s ear to record an electroencephalogram
(EEG) signal; an amplifier to amplify the EEG signal; a
battery; and a wireless transmission system to transmit the
amplified EEG signal. The external device can be configured
to receive the amplified EEG signal and to perform analysis

Int. CL. of the amplified EEG signal. In some instances, the external
A61B 5/0478 (2006.01) device can also provide neural stimulation (e.g., acoustic,
A6IN 1/04 (2006.01) visual, or electrical) to the wearable device in response to
A6IN 1736 (2006.01) analysis of the amplified EEG signal.
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SYSTEMS AND METHODS FOR AT HOME
NEURAL RECORDING

RELATED APPLICATIONS

[0001] This application claims the benefit of U.S. Provi-
sional Application No. 62/271,592, entitled “BERS:
BEHIND THE EAR RECORDING AND STIMULATION
SYSTEM,” filed Dec. 28, 2015. The entirety of this appli-
cation is hereby incorporated by reference for all purposes.
[0002] This application is also a Continuation-in-Part of
U.S. application Ser. No. 14/683,197 , entitled “Low Fre-
quency Non-Invasive Sensorial Stimulation for Seizure
Control,” filed Apr. 10, 2015, claiming the benefit of U.S.
Provisional Application No. 61/983,105 , filed Apr. 23,2014
(now expired). The entirety these applications is hereby
incorporated by reference for all purposes.

TECHNICAL FIELD

[0003] The present disclosure relates generally to at home
neural recording and, more specifically, to systems and
methods for at home neural recording using electrodes that
are easily placed at locations that provide a stable signal.

BACKGROUND

[0004] Electrical activity of the brain can be recorded
using electroencephalography (EEG), an accepted and use-
ful technique for obtaining information about brain activity.
The information about brain activity obtained from an EEG
recording can be used in the diagnosis and monitoring of
sleep disorders, epilepsy, attention deficit disorder, depres-
sion, chemical dependency, pain, and other disorders. To
ensure accurate EEG recordings through proper electrode
placement, EEG tests are generally conducted in a hospital
or office setting by a trained medical professional. However,
the technology used to record the EEG data, as well as the
hospital or office setting, is both uncomfortable and unnatu-
ral for the patient, leading to questions of whether the EEG
data is truly an accurate reflection of the patient’s natural
brain activity.

SUMMARY

[0005] The present disclosure relates generally to at home
neural recording and, more specifically, to systems and
methods for at home neural recording using electrodes that
are easily placed at locations that produce a stable signal. An
example neural recording provided by the systems and
methods of the present disclosure that can be performed at
home is an electroencephalogram (EEG) recording that can
provide data that is a reflection of the patient’s natural brain
activity.

[0006] In an aspect, the present disclosure can include a
system to facilitate at home neural monitoring. The system
can include a wearable device and an external device. The
wearable device can include an electrode configured to be
placed behind a patient’s ear to record an EEG signal; an
amplifier to amplify the EEG signal; a battery; and a wireless
transmission system to transmit the amplified EEG signal.
The external device can be configured to receive the ampli-
fied EEG signal and to perform analysis of the amplified
EEG signal.

[0007] In another aspect, the present disclosure can
include a method for at home neural recording and stimu-
lation. The method can be executed, for example, by a

Apr. 27,2017

wearable device that can include an electrode configured to
be placed behind a patient’s ear to record an EEG signal; an
amplifier to amplify the EEG signal; a battery; and a wireless
transmission system to transmit the amplified EEG signal
and receive a stimulation signal. EEG signals can be
recorded by electrodes behind a patient’s ear. The EEG
signals can be sent wirelessly to an external device. A
stimulation signal can be received from the eternal device in
response to a detection of abnormal brain activity (e.g.,
seizure activity) based on an analysis of the EEG signals.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The foregoing and other features of the present
disclosure will become apparent to those skilled in the art to
which the present disclosure relates upon reading the fol-
lowing description with reference to the accompanying
drawings, in which:

[0009] FIG. 1 is a schematic diagram showing a system
that can be used for at home neural recording in accordance
with an aspect of the present disclosure;

[0010] FIGS. 2 and 3 are schematic diagrams illustrating
example wearable devices that can be used in connection
with the system in FIG. 1;

[0011] FIG. 4 is a process flow diagram illustrating a
method for at home neural recording according to another
aspect of the present disclosure; and

[0012] FIG. 5 is a process flow diagram illustrating a
method for using the neural recording of FIG. 4.

DETAILED DESCRIPTION

[0013] I. Definitions

[0014] Unless otherwise defined, all technical terms used
herein have the same meaning as commonly understood by
one of ordinary skill in the art to which the present disclo-
sure pertains.

[0015] Inthe context of the present disclosure, the singular
forms “a,” “an” and “the” can also include the plural forms,
unless the context clearly indicates otherwise.

[0016] As used herein, the terms “comprises” and/or
“comprising,” as used herein, can specify the presence of
stated features, steps, operations, elements, and/or compo-
nents, but do not preclude the presence or addition of one or
more other features, steps, operations, elements, compo-
nents, and/or groups.

[0017] As used herein, the term “and/or” can include any
and all combinations of one or more of the associated listed
items.

[0018] Additionally, although the terms “first,” “second,”
etc. may be used herein to describe various elements, these
elements should not be limited by these terms. These terms
are only used to distinguish one element from another. Thus,
a “first” element discussed below could also be termed a
“second” element without departing from the teachings of
the present disclosure. The sequence of operations (or acts/
steps) is not limited to the order presented in the claims or
figures unless specifically indicated otherwise.

[0019] As used herein, the term “neural recording” can
refer to the measurement of electrical activity of one or more
neurons. An example type of neural recording is an electro-
encephalogram (EEG), which can be used in the diagnosis
and monitoring of sleep disorders, epilepsy, attention deficit
disorder, depression, chemical dependency, pain, and other
disorders.



US 2017/0112408 Al

[0020] As used herein, the term “at home” neural record-
ing can refer to a neural recording that is administered
during a patient’s everyday life, rather than at a hospital or
other type of office. For example, an at home neural record-
ing can be administered without the need for a trained
professional and, instead, can be administered by patients
themselves, by the patient’s family member, or by the
patient’s caregiver.

[0021] As used herein, the term “stimulation” can refer to
modulation of at least a portion of a patient’s nervous
system. For example, the stimulation can be applied to a
portion of the brain and/or one or more spinal cord nerves,
such as cervical nerves. The stimulation can be, for example,
an electrical stimulation, a vibration, an audio stimulation,
and/or a visual stimulation.

[0022] As used herein, the term “neural tissue” can refer
tissue that is specialized for the conduction of electrical
impulses that convey information or instructions from one
region of the body to another via one or more nerves. As
examples, the neural tissue can include nerves of the periph-
eral nervous system (e.g., spinal cord nerves, such as cer-
vical nerves), nerves of the central nervous system, or any
combination thereof.

[0023] As used herein, the term “nerve” can refer to one
or more fibers that employ electrical and chemical signals to
transmit motor, sensory, and/or autonomic information from
one body part to another. A nerve can refer to either a
component of the central nervous system or the peripheral
nervous system (e.g., spinal cord nerves, such as cervical
nerves).

[0024] As used herein, the terms “subject” and “patient”
can be used interchangeably and refer to any warm-blooded
organism including, but not limited to, a human being, a pig,
a rat, a mouse, a dog, a cat, a goat, a sheep, a horse, a
monkey, an ape, a rabbit, a cow, etc.

[0025] As used herein, the term “non-invasive” can be
used to refer a medical procedure not requiring the intro-
duction of instruments into the patient’s body.

[0026] II. Overview

[0027] The present disclosure relates generally to at home
neural recordings. Neural recordings can refer to any type of
recording or measurement that can provide information
about activity of a patient’s neural tissue. One type of neural
recording is electroencephalogram (EEG), which is an
accepted and useful technique to obtain information about
the patient’s brain activity. Traditionally, the EEG has
required a complex placement of recording electrodes by a
trained professional and cannot be administered at home.
The present disclosure eliminates the need for the trained
professional. Indeed, the present disclosure relates more
specifically to systems and methods for reliable at home
neural recording (like EEG) using electrodes that are easily
placed at locations that produce a stable signal. Indeed, the
at home neural recording can be non-invasive.

[0028] The at home nature of the neural recordings of the
present disclosure can provide data that is a reflection of the
patient’s natural brain activity. The recording electrodes can
be part of a wearable device, in a number smaller than that
required by a traditional EEG neural recording. The record-
ing electrodes can be specifically positioned within the
wearable device, allowing for easy placement of the record-
ing electrodes while wearing the wearable device. The
recording electrodes can be placed in a stable position so that
the recordings are relatively free of artifacts. The wearable
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device can communicate with a portable external device,
which can be similar in size to a cellular phone or other
portable electronic device, to analyze the recorded signal for
monitoring and feedback applications. In some instances,
the external device can configure a stimulation to be applied
to the patient as feedback in response to the recorded signal.

[0029]

[0030] One aspect of the present disclosure can include a
system 10 (FIG. 1) that can be used for at home neural
recording. The system 10 can include a wearable device 12
that a patient can wear to record a neural signal of the at
home neural recording. The wearable device 12 can be in
wireless communication with an external device 14 that can
be configured to receive the recorded neural signal and to
perform analysis of the recorded neural signal. For example,
the external device 14 can be a portable device similar in
size to a cellular phone or tablet computing device. In some
instances, the external device 14 can be in wireless com-
munication with a remote server to transmit information,
including the recorded signal and/or the analysis.

[0031] For ease of explanation, the system 10 can record
electroencephalogram (EEG) signals from an epileptic
patient. EEG is a technique that can provide accepted and
useful information about a patient’s brain activity; however,
to ensure accurate EEG recordings through proper electrode
placement, EEG tests are generally conducted in a hospital
or office setting by a trained medical professional, rather
than at home by the patient, family member, or caregiver
without specialized training. The system 10, however, does
not require specialized training for administration, enabling
an at home EEG for an epileptic patient. However, the at
home EEG recording can be used for monitoring (and, in
some instances, treatment) of other disorders, including:
attention deficit disorders, depression, mood disorders,
chemical dependency, pain control, or the like.

[0032] The wearable device 12 can be configured for
patient comfort and cosmetic acceptability. For example, the
wearable device 12 can be shaped as earphones/headphones
(shown in FIG. 2), glasses (shown in FIG. 3), a hat, a
headband, a sleep mask, or the like. For example, a sleep
mask can be used for overnight recording, while glasses, a
hat, or a headband can be used for recording during the day.
In another example, headphones can be used for day or
overnight recording. In any configuration, the wearable
device can include one or more electrodes 18 configured and
shaped for the corresponding type of at home neural record-
ing. For at home EEG, the one or more electrodes can be
arranged in a portion of the wearable device 12 configured
to be placed behind the patient’s ears (FIGS. 2 and 3,
element 34). As an example, the one or more electrodes 18
can be placed over the mastoid process behind the patient’s
ear.

[0033] The one or more electrodes 18 can refer to one or
more recording electrodes. In some instances, the one or
more electrodes 18 can also include a reference electrode
(FIGS. 2 and 3, element 36) placed remote from the record-
ing electrodes. In other instances, the one or more electrodes
18 can also include one or more stimulating electrodes.
However, the one or more recording electrodes can also be
configured as stimulating electrodes. In either case, the
stimulating electrodes can be low-impedance electrodes. For
example, the low-impedance electrodes can be capacitive
electrodes.

III. Systems
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[0034] The one or more electrodes 18 can be in a number
smaller than required by traditional EEGs. Additionally, the
smaller number of electrodes requires a smaller number of
connections. In one example, the one or more electrodes 18
can be configured to be floating electrodes with two record-
ing electrodes and no reference electrode. In another
example, the one or more electrodes 18 can include two
recording electrodes placed behind the patient’s ears and a
third reference electrode placed remotely (this example
arrangement of the recording electrodes 34 and reference
electrode 36 is shown in FIGS. 2 and 3). As a further
example, more than two recording electrodes can be used
with or without the reference electrode. The one or more
electrodes 18 can be applied with or on a conductive gel. In
some instances, the conductive gel can be placed behind the
patient’s ear before placement of the one or more electrodes
18. For example, the wearable device 12 can be configured
to release the conductive gel behind the patient’s ear.

[0035] Notably, the wearable device 12 of the system 10
provides simple placement of the one or more electrodes 18,
allowing the untrained patient, family member, or caregiver
to administer the EEG to the patient at home. For example,
when the wearable device 12 is worn by the patient, the one
or more electrodes 18 can be placed in stable positions,
allowing recordings to be taken for an extended period of
time. For example, the extended period of time can be at
least 8 hours (or overnight). As a further example, the
extended period of time can be at least 15 hours. As another
example, the extended period of time can be at least 24
hours. Additionally, the recording by the one or more
electrodes 18 can be relatively free of artifacts. For example,
the one or more electrodes 18 can be made of a polymer,
such as carbon impregnated silicone, or a conductive wire
mesh, such as silver mesh.

[0036] To facilitate placement of the one or more elec-
trodes 18 on the patient, the one or more electrodes 18 can
be in predefined locations within the wearable device 12.
The predefined locations can ensure stable neural recordings
by the one or more electrodes 18 when the wearable device
12 is placed on the patient. In some instances, the one or
more electrodes 18 of the wearable device 12 can be in
positions configured for the dimensions of the specific
patient. In other instances, the wearable device 12 can
include a plurality of electrodes 18 and only a portion of the
plurality of electrodes 18 may be used, depending on the
specific patient. For example, the one or more electrodes 18
can be arranged in the wearable device 12 for placement
behind one or more of the patient’s ears. In this example, the
one or more electrodes 18 can record signals from the limbic
region of the brain. For example, EEG signals obtained from
the limbic region of the brain have been shown to have
similar reliability and usability to those obtained by con-
ventional electrodes placed in the temporal area of the brain.

[0037] In addition to the one or more electrodes 18, the
wearable device 12 can include an electronic unit 20. The
electronic unit 20 can include one or more amplifiers to
amplify the recorded EEG signals. The electronic unit 20
can also include filter circuitry that filters the recorded EEG
signals recorded by the one or more electrodes 18. The
electronic unit 20 can also include additional circuitry that
can facilitate amplification, filtering or other signal process-
ing of the EEG signals. In some instances, the electronic umt
20 can also include a processing means, like a micropro-
cessor. For example, when two electrodes are used, a dif-
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ferential value (e.g., related to a power spectrum over a
frequency range) can be determined from the recorded
signals.

[0038] Components of the wearable device 12, like the
one or more electrodes 18 and/or the electronics unit, can
receive power from a battery 22 power source. The battery
22 power source can allow the wearable device 12 to be
portable. However, the wearable device 12 may also receive
line power via an AC adaptor. For example, the line power
may be used when the battery 22 power source requires
charging.

[0039] The wearable device 12 can also include a trans-
mission means, such as transceiver 24, that can send the
recorded signal, which may be amplified and/or filtered, to
an external device 14. In some instances, the transceiver 24
can communicate according to a short-range wireless trans-
mission protocol like Bluetooth, Bluetooth Low Energy,
ZigBee, or the like. However, the transceiver 24 may com-
municate according to a longer-range protocol, like WiFi.
Additionally, in some instances, the transceiver 24 can
provide bidirectional communication with the external
device 14.

[0040] The external device 14 can be a portable device to
provide feedback related to the recorded signals. In some
instances, the external device 14 can be a mobile phone or
another device that is approximately the size of a mobile
phone (e.g., a PDA, a tablet computing device, or the like).
In some instances, the external device 14 can include a
display that can provide a graphical representation of the
feedback. Additionally, the external device 14 can include a
memory and/or a processor to facilitate operations of the
external device 14.

[0041] The external device 14 can include its own trans-
ceiver 26 to receive the amplified signal according to the
protocol used by transceiver 24 of the wearable device 12.
The external device 14 can also include an analysis com-
ponent 28 to perform analysis tasks on the recorded signal.
For example, the analysis can be related to a state of the
brain activity represented by the recorded signals. The state
of the brain activity in an epileptic patient can be, for
example, hyperexcitability, imminent epileptic seizure, epi-
leptic seizure in progress, rapid eye movement (REM) sleep.
As another example, the analysis can include automated
seizure detection, seizure counting, seizure duration detec-
tion, interictal spike detection, and/or interictal spike count-
ing for the epileptic patient, which is superior to traditional
self-reporting. The feedback can include an output related to
the state of the brain and/or the automated seizure detection,
seizure counting, seizure duration detection, interictal spike
detection, and/or interictal spike counting.

[0042] The external device 14 can include another trans-
ceiver 32 configured to communicate according to a long-
range wireless protocol, such as WiFi. The other transceiver
32 can communicate with a remote server 16 to transmit
information, including at least one of the recorded data and
the corresponding analysis. In some instances, the remote
server 16 can provide at least a portion of the information to
a neurologist or other medical professional. As an example,
the neurologist or other medical professional can determine
the efficacy of anti-epileptic medication or other forms of
therapy based on the information.

[0043] The external device 14 can also be configured for
feedback based on the recorded signals and/or the analysis.
In some instances, the feedback can be ascertained by a
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stimulation component 30 based on the recorded signals
and/or the analysis to provide closed loop control. In other
instances, the feedback can be received from the remote
server to provide open loop control. For example, the
feedback can be a stimulation, such as a non-invasive
electrical stimulation, a vibration, an audio stimulation, a
visual stimulation, or any combination thereof. For example,
an electrical stimulation can provide neuromodulation of a
portion of the brain and/or one or more cervical nerves
through any type of stimulation that can be safely applied
through the skin surface (e.g., a DC waveform, an AC
waveform, and/or a pulse waveform). In some instances, the
external device 14 can signal a stimulator to configure the
stimulation and deliver the stimulation to the wearable
device 12. However, in other instances, the external device
14 can configure and deliver the stimulation to the wearable
device 12.

[0044] Additional, examples of various stimulations that
can be configured by the external device 14 and delivered to
the wearable device 12 are described in paragraphs [0012]-
[0030] and [0036]-[0040] of U.S. patent application Ser. No.
14/683,197, which has been incorporated by reference
herein.

[0045] IV. Methods

[0046] Another aspect of the present disclosure can
include methods that can be used for at home neural record-
ing. FIG. 4 illustrates a method 40 for at home neural
recording. FIG. 5 illustrates a method 50 for using the at
home neural recording, such as by applying a neural stimu-
lation as feedback to the neural recording. For example,
methods 40 and 50 can be executed by the wearable device
12 and the external device 14 of system 10 (shown in FIG.
1).

[0047] The methods 40 and 50 are illustrated as process
flow diagrams with flowchart illustrations. For purposes of
simplicity, the methods 40 and 50 are shown and described
as being executed serially; however, it is to be understood
and appreciated that the present disclosure is not limited by
the illustrated order as some steps could occur in different
orders and/or concurrently with other steps shown and
described herein. Moreover, not all illustrated aspects may
be required to implement the methods 40 and 50.

[0048] Referring now to FIG. 4, illustrated is a method 40
for at home neural recording. At step 42, electrodes of a
wearable device (e.g., wearable device 12) can be placed
behind a patient’s ear. The electrodes can include a single
electrode (behind one ear), two electrodes (one behind each
ear), or more electrodes. In some instances, the wearable
device can be configured so that the electrodes are placed in
the proper position behind the patient’s ear (e.g., over the
mastoid process) with minimal effort from the person plac-
ing the electrodes. At step 44, electroencephalogram (EEG)
signals (or other type of neural recording signals) can be
recorded by the electrodes. For example, when two elec-
trodes are used (one behind each ear) a differential recording
can be achieved,

[0049] Referring now to FIG. 5, illustrated is a method 50
for providing feedback related to the EEG signals recorded
according to the method 40. At step 52, the EEG signals can
be wirelessly transmitted to an external device. For example,
the wireless transmission can be according to a short-range
transmission protocol. The EEG signals can be processed
(e.g., amplified, filtered, or the like) before transmission to
the external device. At step 54, the EEG signals are analyzed
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at the external device. The analysis can include creating a
stimulation as feedback for at least a portion of the EEG
signals. For example, the EEG signals can be received over
time, and the analysis can reveal seizure activity at one of the
times. In turn, the external device can configured a stimu-
lation based on the detected seizure activity. At step 56, the
stimulation signal for the patient configured based on the
analysis can be received from the external device. For
example, the stimulation signal can include a vibration, an
auditory stimulation, a visual stimulation, and an/or electri-
cal stimulation.

[0050] From the above description, those skilled in the art
will perceive improvements, changes and modifications.
Such improvements, changes and modifications are within
the skill of one in the art and are intended to be covered by
the appended claims.

The following is claimed:

1. A system comprising:

a wearable device comprising:

an electrode configured to be placed behind a patient’s
ear to record an electroencephalogram (EEG) signal;

an amplifier to amplify the EEG signal,

a battery; and

awireless transmission system to transmit the amplified
EEG signal; and

an external device configured to receive the amplified

EEG signal and to perform analysis of the amplified

EEG signal.

2. The system of claim 1, wherein the external device is
configured to signal a stimulator to provide an electrical
stimulation to modulate activity of the brain or one or more
cranial nerves based on the amplified EEG signal.

3. The system of claim 2, wherein the electrical stimula-
tion comprises at least one of a direct current (DC) wave-
form or an alternating current (AC) waveform.

4. The system of claim 2, wherein the electrode is further
configured to provide the electrical stimulation.

5. The system of claim 1, wherein the wearable device
further comprises another electrode configured to be placed
behind the patient’s other ear to record the EEG signal.

6. The system of claim 1, wherein the wearable device
further comprises a reference electrode configured to be
placed remote from the patient’s ear.

7. The system of claim 1, wherein the electrode is
configured to be placed over the mastoid process behind the
patient’s ear.

8. The system of claim 1, wherein the electrode is
configured to be placed on a conductive gel behind the
patient’s ear.

9. The system of claim 5, wherein the wearable device is
configured to release the conductive gel before the electrode
is placed behind the patient’s ear.

10. The system of claim 1, wherein the electrode is a
capacitive electrode.

11. The system of claim 1, wherein the wearable device is
configured as earphones, a sleep mask, or eye glasses.

12. The system of claim 1, wherein the external device is
a portable computing device configured to communicate
with the wireless transmission system to receive the ampli-
fied EEG signal.

13. The system of claim 12, wherein the portable com-
puting device is a cellular phone.
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14. The system of claim 12, wherein the portable analysis
comprises at least one of seizure detection, seizure counting,
seizure duration detection, interictal spike detection, and
interictal spike counting.

15. The system of claim 1, wherein the external device
sends a signal to the wearable device to provide an acoustic
stimulation.

16. The system of claim 1, wherein the external device is
configured to communicate wirelessly with a server to
provide the amplified EEG signal.

17. A method comprising:

recording electroencephalogram (EEG) signals by elec-

trodes behind a patient’s ear, wherein the electrodes are
part of a wearable device;

wirelessly sending the EEG signals to an external device;

and

receiving a stimulation signal from the eternal device in

response to a detection of seizure activity based on an
analysis of the EEG signals.

18. The method of claim 17, wherein the stimulation
signals comprises at least one of an auditory stimulation, a
visual stimulation, and an electrical stimulation.

19. The method of claim 17, further comprising ampli-
fying the EEG signals before sending the EEG signals to the
external device.

20. The method of claim 17, further comprising placing
the electrodes over the mastoid process behind each of the
patient’s ears.
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