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WIRELESS EEG UNIT

BACKGROUND

Electrical potentials are generated by ionic current flows within the neurons of
the brain. Such current flows can be detected by electroencephalography (EEG). EEG
devices record the brain's electrical activity and display it in the form of an
electroencephalogram (EEG), which generally depicts waveforms of varying frequency
and amplitude as measured in voltage. EEG waveforms are generally classified
according to their frequency (standard frequency ranges termed alpha, beta, theta, and
delta), amplitude, and shape, as well as by the sites on the scalp at which they are
recorded.

An irregular brain wave pattern can be indicative of a particular brain pathology.
Distinctive EEG patterns are seen, for example, in acquired brain injury (ABI),
accelerated cerebral edema, expanding intracranial masses, and severe cerebral ischemia.
Such patterns include encephalographic seizures, markedly slow frequencies, amplitude
suppression, “burst suppression,” and periodic epileptiform discharges (PEDS) (Jordan
2004, Khan et al 2005, Schneider 2005). While not specific for particular diagnoses,
these patterns provide an early, sensitive and reliable warning of severe or worsening
brain damage.

The use of EEG when brain injury is suspected is of particular importance
because EEG can detect injuries at an early stage, before they progress to more serious
conditions. For example, in moderate to severe traumatic ABI, such as from the blast of
an explosion or a concussive impact, or in non-traumatic ABI from a stroke or
hemorrhage, death or irreversible brain injury are most closely associated with
“secondary progression” events that can be detected with EEG, including brain edema,
enlarging hemorrhages, seizures, torn or occluded blood vessels, and brain herniation. In
the context of acute traumatic brain injury (ATBI), EEG can provide an early warning of
worsening brain damage and provide clues about the underlying disease process.

Conventional continuous EEG (CEEG) methods have changed little in decades,

and are both inefficient and labor intensive. EEG is oftentimes not readily available,
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even in hospitals, and delays of hours may occur before an EEG procedure is performed
and the results interpreted. Such delays can result in a patient not receiving appropriate
treatment, resulting in preventable and sometimes irreversible harm to the patient. The
complexity and time involved in applying electrodes to a patient’s scalp using traditional
EEG can contribute to such delays, as can the absence of a physician or a technician
trained to interpret EEG results in a hospital.

There remains a need, therefore, for real-time, functional brain state assessment
technology which can be performed in a variety of settings where it may be needed, for

example in sports venues, emergency response situations, and battlefield settings.

SUMMARY

The present invention comprises a wireless EEG device that includes:
(a) a head strap for retaining a plurality of electrodes on the head of a
subject, the head strap comprising at least a sagittal strap portion;
(b) a docking station attached to the sagittal strap portion at the crown of
the subject's head, the docking station comprising:
a base formed from a material which is transparent to X-rays,
a receptacle supported by the base, and, optionally
a cover placed over the wireless transmitter; and
(c) a wireless transmitter in electrical communication with the plurality of
electrodes for transmitting an electrical signal received by the electrodes from the
subject's brain which is securely retained within the receptacle.
The base of the docking station is preferably formed from a foam material having
a thickness of at least 1.3 centimeters, more preferably of between 2.5 and 6 centimeters.
The base and receptacle can be integrally formed, preferably from a material that absorbs,
scatters and/or reflects less than 20% of X-ray radiation received by the base and the
receptacle, more preferably less than 10%, and even more preferably less than 1%. The
plurality of electrodes, which can be needle electrodes, disc electrodes, and/or cup
electrodes, are preferably placed in electrical communication with the wireless

transmitter using non-ferromagnetic electrically conductive thread. The wireless EEG
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device can be used to perform EEG, and a CT scan or X-ray image can be further
obtained without removing the strap and docking station from a subject’s head.

In another embodiment, the present invention comprises an EEG device that
includes:

(a) a head strap formed from an elastic material, the head strap comprising
a plurality of head strap portions which extend across a plurality of EEG electrode
positions on the head of a subject, the electrode positions being selected from the
group consisting of Fpl, Fp2, F7, F3, Fz, F4, F§, Al, T3, Cz, C3, C4, T4, A2, T5,
P3, Pz, P4, T6, O1, and O2;

(b) a plurality of electrodes attached to the head strap at the plurality of
EEG electrode positions;

(c) a plurality of non-ferromagnetic electrically conductive threads, which
can comprise copper or silver, each conductive thread being in electrical
communication at a first end with one of the plurality of electrodes and at a
second end with an electrical connector that can be further connected to a
transmitter.

The conductive thread is preferably secured to the head strap by passing the
conductive thread from an upper surface of the head strap to a lower surface and then
from the lower surface to the upper surface in a repetitive manner along a longitudinal
extent, thereby disposing the conductive thread in a sinuously curved manner along the
extent of the head strap, in the manner of sewing. Each of the conductive threads
preferably have a diameter of between 0.5 millimeters (mm) and 5 mm, and more
preferably between 2 mm and 4 mm. At least a portion of one or more of the conductive
threads are also preferably disposed in stitches having a length of between 0.5 mm and 10
mm, more preferably between 1 mm and 5 mm, and even more preferably between 2.5
mm and 3.5 mm. In addition, the conductive threads are each preferably surrounded by
an electrically insulating material.

The transmitters used in the present invention are adapted for use with an EEG
device and can include:

(a) a communications interface comprising an electrode interface

communicatively coupled to a plurality of electrodes;
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(b) a user interface including at least one electrode impedance indicator;
and
(c) a processing circuit coupled with the communications interface and the
user interface, the processing circuit adapted to:
receive a respective electrical signal from each of the plurality of
electrodes;
measure an impedance associated with each electrode of the
plurality of electrodes; and
visually display via the at least one electrode impedance indicator
whether the impedance associated with each electrode is above or below a
predetermined threshold.

In these transmitters, the communications interface can further comprise a
wireless transceiver, and the processing circuit can be adapted to simultaneously transmit
via the wireless transceiver the impedance associated with each electrode and an
electrical signal received by each electrode from a subject’s brain.

In an alternative embodiment, the transmitters used in the present invention can
include:

(a) a communications interface comprising:

a wireless transceiver; and

an electrode interface communicatively coupled to a plurality of
electrodes; and
(b) a processing circuit coupled with the communications interface and the

user interface, the processing circuit adapted to:

measure an impedance associated with each electrode of the
plurality of electrodes;

receive via the electrode interface a respective electrical signal by
each electrode from a subject’s brain; and

simultaneously transmit via the wireless transceiver the measured
impedance associated with each electrode and the respective electrical

signal by each electrode from a subject’s brain.
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The present invention also includes a method of evaluating the brain activity of a
subject using an EEG. In this method, an EEG comprising waveforms generated by
electrical activity within each of the two hemispheres of the brain of the subject is
obtained. Such waveforms occur in predetermined patterns, and can be displayed as
visually distinguishable indicia, such as indicia in different colors, in temporal order and
in a linear fashion, thereby forming a temporal waveform record in graphical form. EEG
data from the EEG is preferably processed in predetermined time segments, the time
segments preferably being between 5 seconds and 20 seconds in length, and
advantageously being 10 seconds in length. The waveform patterns for each hemisphere
of the subject’s brain are also preferably displayed separately. The predetermined indicia
indicates a predetermined waveform pattern, such as suppression, slowing, burst-
suppression, inter-hemisphere asymmetry, periodic epileptiform discharge, or seizure.

The method further includes playing a time indicator in the temporal waveform
record, the time indicator designating a time point in the temporal waveform record.
Preferably, waveform patterns of both hemispheres of the subject’s brain are displayed
together in parallel. A graphical image having two adjacent predetermined display areas
is then displayed. The indicia displayed in each display area correspond to the indicia in
the temporal waveform record for a respective hemisphere of the subject’s brain at the

point in the temporal waveform record where the time indicator is displayed.

FIGURES

Figure 1 is a left side elevation view of the present EEG device being worn by a
subject.

Figure 2 is a front elevation view of a head strap for use with the present EEG
device.

Figure 3 is the right side elevation view of the head strap of Figure 2.

Figure 4 is the left side elevation view of the head strap of Figure 2.

Figure 5 is a top plan view of the head strap of Figure 2.

Figure 6 is a left side elevation view of the positions of electrodes according to

the International 10-20 System.
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Figure 7 is a top plan view of the positions of electrodes according to the
International 10-20 System.

Figure § is a left side elevation view of the positions of electrodes in an
alternative embodiment of the present EEG device.

Figure 9 is a top plan view of the positions of electrodes in the embodiment of
Figure 8.

Figure 10 is a right side elevation view of the docking station of the present EEG
device being worn by a subject.

Figure 11 is a perspective view of the docking station of Figure 10.

Figure 12 is a top plan view of the docking station of Figure 10.

Figure 13 is front perspective view of the docking station of Figure 10.

Figure 14 is a rear elevation view of the docking station of Figure 10.

Figure 15 is a top plan view of the transmitter of the present EEG device.

Figure 16 is a top plan view of the transmitter of Figure 15 showing a power
indicator and impedance indicators powered on.

Figure 17 is a rear perspective view of the transmitter of Figure 15.

Figure 18 is a front perspective view of the transmitter of Figure 15.

Figure 19 is a block diagram of the transmitter of Figure 15 in communication
with a receiver.

Figure 20 is a block diagram of at least some components of the transmitter of
Figure 19 in one embodiment.

Figure 21 is a block diagram of some examples of network environments in which
the transmitter of Figure 15 can operate.

Figure 22 is an illustration of a simplified user interface for reviewing EEG data.

Figure 23 is an illustration of a user interface showing impedance data of the
electrodes of an EEG device.

Figure 24 is an illustration of another user interface for reviewing EEG data.

Figure 25 is an illustration of a preferred user interface for reviewing EEG data.

Figure 26 is a top plan view of a head strap having electrodes electrically

connected with conductive thread.
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DESCRIPTION

Definitions

As used herein, the following terms and variations thereof have the meanings
given below, unless a different meaning is clearly intended by the context in which such
term is used.

“Base” refers to the bottom support of a component or device.

“Cloth” refers to a flexible material formed by weaving, knitting, pressing, or
felting natural or synthetic fibers, and includes similar materials formed by
polymerization or casting.

“Cloud” refers to a network in which computing resources (hardware and/or
software) are delivered as a service over a network such as the internet.

“Coronal” refers to an orientation that is within or parallel to a subject's coronal
plane, which is a hypothetical vertical plane that divides a subject's body (or a portion
thereof) into ventral (front) and dorsal (back) sections, preferably of approximately equal
sizes (by width or volume).

“Crown” refers to the top portion of a subject's head when the subject is standing
upright, approximately where the sagittal and coronal planes of the subject intersect.

“CT scan” and “CAT scan” refer to X-ray computed tomography, which is a
medical imaging procedure that utilizes computer-processed X-rays to produce
tomographic images (generally cross-sectional images) of specific areas of a subject's
body.

“Docking station” refers to a hardware frame which provides support and also
provides one or more electrical connections.

“EEG” refers to electroencephalographys, i.e. the recording of electrical activity at
a subject's scalp, in order to measure voltage fluctuations resulting from ionic current
flows within the neurons of the subject's brain.

“EEG device” refers to a device for performing EEG.
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“Elastic limit,” also called the yield point, refers to the stress at which an elastic
material ceases to deform elastically and will no longer return to its original shape when
the applied stress is removed.

“Ferromagnetic” refers to a characteristic of substances such as iron, nickel, or
cobalt and various alloys that are able to form permanent magnets (i.e., they remain
magnetized after an external field is removed) under the conditions in which the present
invention is used. “Non-ferromagnetic” refers to materials which are not ferromagnetic.

“Impedance” refers to the opposition to flow of alternating current through a
circuit.

“Jack” refers to an electrical connector comprising a “female” electrical contact or
socket, i.e. which receives another electrical connector, and is generally the more “fixed”
connector of a connector pair comprising a jack and a plug.

“Nonconductive” refers to a material which does not conduct electricity under the
conditions in which the present device is used.

“Pedestal” refers to a base or supporting structure which supports another
component of the present device.

“Plug” refers to an electrical connector comprising a “male” electrical contact or
pin, i.e. which is inserted into or onto another electrical connector, and is generally the
more movable (less fixed) connector of a connector pair comprising a jack and a plug.

“Programming” refers to instructions, instruction sets, data, code, code segments,
program code, programs, subprograms, software modules, applications, software
applications, software packages, routines, subroutines, objects, executables, threads of
execution, procedures, functions, and similar technology, whether referred to as software,
firmware, middleware, microcode, hardware description language, or otherwise.

“Receptacle” refers to a component of the present device having a space of
sufficient size and volume to receive some or all of another component or device and
thereby retain the other component or device in the receptacle.

“Sagittal” refers to an orientation that is within or parallel to a subject'’s sagittal
plane, i.e. a hypothetical vertical plane which passes from ventral (front) to dorsal (back)
of a subject's body, dividing the body into approximately equally sized right and left

halves.
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“Scalp” refers to the skin covering the head.

“Sew” refers to the attachment of a thread or other length of material to a cloth by
passing the thread through one side of the cloth and then back through the other side a
plurality of times.

“Strap” refers to a length of flexible material used to secure another component to
a particular location.

“Thread” refers to a strand or length of material with a diameter or thickness
significantly less than its length, and generally less than 5 millimeters in diameter.

“Transparent” refers to a material which allows a predetermined frequency of
electromagnetic radiation to pass through it while absorbing, scattering and/or reflecting
less than 20% of the radiation, more preferably less than 10% of such radiation, and even
more preferably less than 1%.

“Transverse” refers to an orientation that is within or parallel to a hypothetical
horizontal plane that divides a subject's body into superior (upper) and inferior (lower)
parts, and is generally perpendicular with respect to the sagittal and/or coronal planes of
the subject.

“Visually coded” refers to the use of a predetermined set of visually
distinguishable indicia or signals (i.e., two or more visually distinguishable colors,
patterns, shadings, and/or other visual referents). Visually coded displays allow a user to
distinguish between a first visual signal and a second visual signal on the display, such as
one or more areas on a display having a first color and one or more areas having a second
color on the display.

“X-ray” refers to a form of electromagnetic radiation having a wavelength in the
range of 0.01 to 10 nanometers.

The term “comprise” and variations of the term, such as “comprising” and
“comprises,” are not intended to exclude other additives, components, integers or steps.

The terms "a," "an," and "the" and similar referents used herein are to be construed to

cover both the singular and the plural unless their usage in context indicates otherwise.
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EEG Device

As shown in Figure 1, the present EEG device 1 generally comprises a head strap
10 for retaining electrodes 70, a docking station 100, and a wireless EEG transmitter 300.
Electrodes 70 are disposed on the head strap 10, and are used to receive electrical signals

from the brain of a subject.

Head Strap

As shown in Figures 1-9, the head strap 10 can be formed from a plurality of head
strap portions. These generally include a transverse strap portion 16, a coronal strap
portion 18, and a sagittal strap portion 20. The sagittal strap portion 20 is adapted to be
placed approximately within the sagittal plane of the subject’s head from a front end on
the subject's forehead to a rear end at the back of the subject's head. The coronal strap
portion 18 is placed on the subject's head in an orientation that is generally parallel to the
coronal plane of the subject's body, although the coronal strap portion 18 or parts of it
may deviate from a parallel orientation in order to appropriately place electrodes carried
by the coronal strap portion 18, conform to the contours of the subject’s head, and better
secure the head strap 10. The transverse strap portion 16 is placed on the subject's head
in an orientation that is generally parallel to a transverse plane, though deviations to such
an orientation likewise occur in order to appropriately place electrodes carried by the
coronal strap portion 18 and conform to the contours of the subject's head, as described
below. Deviations in the orientation of the strap portion may range from 10° - 20° to up
to 45°.

The head strap 10 can be secured to a subject in various ways known to the art,
such as with fasteners attached to one or both lower ends of jaw straps 11, which can be
opposite ends of a strap forming the coronal strap portion 18. In the embodiment shown
in Figure 2, a fastener strap portion 14 of one of the jaw straps 11 attaches to a fastener
strap portion 14 of the other jaw strap 11 using a pair of mated connectors, in particular

hook and loop fasteners (such as VELCRO brand fastener strips). The fastener strap

- 10 -
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portion 14 includes a slit 13 through the length of the chin strap 14, in order to better
anchor the strap to the patient's chin.

Bias straps 15 can also be added to the head strap 10 to further secure it in place.
A preferred construction for the bias straps 15 connects a left bias strap and a right bias
strap to a tab 21 of the head strap 10 which extends beyond the transverse strap portion
16. The bias straps 15 are each preferably removably connected to a respective jaw strap
11 with a fastener such as a hook and loop fastener.

The electrodes 70 of the head strap can be placed according to the standard 10-20
electrode placement system for locating EEG electrodes. In the standard 10-20 system,
21 electrodes are placed on a subject's head. These positions are commonly labeled Fpl,
Fp2, F7, F3, Fz, F4, F8, Al, T3, Cz, C3, C4, T4, A2, TS, P3, Pz, P4, T6, Ol, and O2, and
are shown in Figures 6 and 7. In an alternative embodiment of the head strap 10 shown
in Figures 8 and 9, the strap contains no openings for the F3/F4 pair of electrodes or the
P3/P4 pair of electrodes, and the openings for the Fz and Pz electrodes are eliminated
(electrode locations Al and A2 frequently generate artifacts and so can also be eliminated
when not doing referential recordings). In this embodiment, the head strap 10 has an
opening geometry consisting essentially of thirteen openings 19 located according to the
International 10-20 System specification for positioning electrodes at points Fp1, Fp2,
F7, F8, T3, T4, Cz, C3, C4, T5, T6, O1, and O2, and a fourteenth opening for the ground
71. As shown in Figure 8, the ground 71 is positioned 25% of the distance from the line
55 which circumscribes the subject's head (approximately in a transverse plane) toward
the line 56 which the vertically traverses the subject's head (approximately in a coronal
plane), or if measured with reference to the standard skull points of the nasion 52 and
inion 53, this location for the ground is approximately 20% of the distance from the
nasion 52 to the inion 53. This position of the ground can be varied by approximately
half a centimeter in any direction and still achieve the desired result. In addition to the
ground 71, which provides grounding of the electrodes to minimize the 60 cycle ambient
current interference, a reference electrode (REF) 73 is also preferably provided as a
common input for a differential amplifier. In a further alternative, the Fz and Pz
electrodes can be included in the head strap 10 in the positions dictated by the standard

International 10-20 System.

-11 -
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The head strap 10 can be positioned on a subject in any position including supine,
sitting, or erect. In a preferred embodiment, the head strap 10 is provided with indicia
proximate to the electrode openings 19 in the strap portions in order to guide the
placement of the electrodes 70 on the subject's scalp. Figures 3-5 include the electrode
indicia MC, RC, LC, LO, RO, LPT, RPT, LMT, RMT, LAT, RAT, LF, RF and Gnd,
with an "L" prefix being used for left positions and "R" for right positions.

The head strap 10 is preferably made from an elastic material, in particular an
elastic cloth, in order to secure the head strap 10 to the head of a subject as well as to
secure the electrodes 70 in the proper position. In this case the head strap 10 is preferably
sized such that the sagittal strap portion 20 and the transverse strap portion 16, prior to
being stretched, have a diameter which is less than the diameter of the head of a subject
to be fitted with the head strap 10. The diameter of the subject's head should be within
the elastic limit of the material forming the sagittal strap portion 20 and the transverse
strap portion 16, so that the head strap 10 can be stretched to fit comfortably over the
subject's head and then to contract so as to hold the head strap 10 in a predetermined

position by a friction fit.

Electrodes

Any of a variety of electrodes known for use with EEG can be used with the
present device 1. For example, the electrodes can be needle electrodes or disc (cup)
electrodes. Needle electrodes comprise a needle made of metal or other conductive
material, preferably having an impedance of less than 5 ohms. The needle has a pointed
end for insertion into the scalp of a subject undergoing EEG and a second end for
attachment to a conductive wire, conductive thread, or other electrical connection.
Needle electrodes can be attached to a wire or conductive thread directly by soldering, or
can be connected by other means, such as to a pin connector which then places the needle
into electrical communication with the wire or conductive thread. Exemplative
embodiments of needle electrodes can be 7 mm or 13 mm in length, for example.
Preferably, a cover is provided for the sharp (pointed) distal end of a needle electrode in

order to avoid needle stick injuries.

-12 -
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Needle electrodes have been used in EEG because of their relatively low
impedance compared to some other electrode types. They have the disadvantage
however of requiring that the subject's skin be pierced by the electrode. Disc electrodes
avoid such issues, as they do not require skin abrasion. If the present device is to be used
together with MRI imaging, local heating of the needle electrodes may also occur, in
which case disc electrodes are preferred.

Disc and cup electrodes can be made from tin, silver, gold, surgical steel, or other
electrically conductive materials. They typically have a diameter in the range of 4-10
mm. Disc and cup electrodes can be classified as being either dry electrodes or wet
electrodes, depending on the presence of an electrolyte on the surface attached to the
skin. Dry electrodes are generally attached to a skin surface mechanically, such as by
means of pressure applied by an elastic cloth, as used in the present head strap 10. A wet
electrode can be attached to the skin using a conductive liquid, hydrogel or solid gel, e.g.
electrolyte gel, to improve the electrical conductivity between the recording (skin)
surface and the electrode sensing element. Typical components of a conductive liquid or
gel include electrolytes or salts, such as sodium chloride (NaCl) or potassium chloride
(KCl1), which provide the ionic conductivity.

In one embodiment, a disc electrode for use with the present device 1 can
comprise a planar substrate made from a non-conducting material, such as a plastic film,
a conductive electrode layer, and an adhesive layer surrounding the conductive electrode
layer. The conductive layer can be, for example, silver (Ag), silver/silver chloride
(Ag/AgCl), copper (Cu), or carbon (C). An example of a disc electrode for use with the
present EEG headgear is a disposable conductive plastic electrode made by Ives EEG
Solutions, Inc. (Newburyport, MA, USA). One advantage of this electrode is that it is
compatible with CT scanning. Another exemplary disc electrode is a RINGTRODE
electrode (available from Multi Bio Sensors Inc., El Paso, TX), comprising a hard plastic
disc with a silver/silver chloride (Ag/AgCl) sensor. Disc and cup electrodes can be
attached to the head strap 10 by being embedded or sewn into the fabric or other substrate

of the head strap, or by other means.

- 13-
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Conductive Thread

Signals from an electrode are typically transmitted to an EEG device using
standard metal wires, and such wires can be used with the present device 1. External
wires, however, can become tangled, or can snag a protruding feature of something near
the present device 1 and become disconnected, which can be a particular problem in less-
controlled settings outside of a hospital. Therefore, in a preferred embodiment, an
electrical connection between the electrodes 70 of the present device | and the wireless
transmitter 300 is preferably accomplished with a conductive thread 75 integrated
directly into the head strap 10.

Conductive thread is a thin, electrically conductive strand of material, typically
having a diameter in the range of between about 0.5 millimeters (mm) and 5 mm,
preferably from 2 mm to 4 mm in diameter. In some embodiments, the thread can
comprise a non-conductive or less conductive substrate which is either coated or
embedded with electrically conductive elements, often carbon, nickel, copper, gold,
silver, or titanium. Substrates typically include cotton, polyester, or nylon. Preferably,
conductive threads used with the present device | are sterilizable, such as with ethylene
oxide.

The conductive threads 75 used in the present EEG headgear preferably comprise
a non-ferromagnetic material, such as copper, silver, or tungsten. In this way, a patient
wearing the EEG headgear can undergo testing with an MRI or CT scan device without
needing to remove the present headgear. This is a particular advantage when the
electrodes used with the present headgear are needle electrodes, since removal of the
electrodes from the patient’s skin in order to undergo an MRI or CT scan procedure
would be both inconvenient and uncomfortable. The conductive thread is also preferably
surrounded (wrapped) by an electrically insulating material, so that adjacent threads 75 or
threads that cross each other on the head strap 10 do not electrically interfere with one
another.

In one embodiment, a conductive thread comprising silver as the conductive
material (i.e., silver conductive thread) can be used with the present device 1. The silver

thread can comprise a nylon substrate coated or plated with silver, such as SHIELDEX
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thread (Statex Produktions + und Vertriebs GmbH, Germany). Silver threads such as this
are highly conductive, can be woven like thread, and have reasonably good tensile
strength, having an elasticity up to 10 times greater than stainless steel wire of a similar
diameter.

To attach conductive thread 75 to the head strap 10, the conductive thread is
preferably sewn into the elastic substrate of the head strap 10, as shown in Figure 26. An
electrode end of the thread is placed into electrical communication with one of the
electrodes 70, such as by soldering the thread 75 to the electrode, and an adjacent portion
is placed through the head strap 10 in order to secure it to the head strap 10. A remainder
of the conductive thread 75 can then be sewn into the cloth or other substrate of the head
strap 10 until it reaches electrical connector 250 by looping the conductive thread from
one surface of the head strap 10 to the other and back, i.e. from an outer surface 9 to an
inner surface and back, thereby forming stitches 77 in the manner of sewing.
Specifically, the conductive thread 75 can be passed from an outer (upper) surface 9 of
the head strap 10 to an inner (lower) surface and then from the inner surface back to the
outer surface 9 in a repetitive manner along a longitudinal extent, thereby forming
stitches 77 and disposing the conductive thread in a sinuously curved manner along the
extent of the head strap. A portion of the conductive thread between the point at which
the thread exits a surface of the head strap and the point at which it next enters the head
strap (in order to pass through to the other side of the strap) is a stitch 77, and the length
of such stitches can be for example between 0.1 mm and 20 mm, preferably between 0.5
mm and 10 mm, more preferably between 1 mm and 5 mm, and even more preferably 2.5
mm to 3.5 mm.

In addition to maintaining the conductive thread in contact with or in close
proximity to the surfaces of the head strap 10, thereby preventing the conductive thread
from becoming snagged or tangled with other objects and/or from becoming
disconnected from electrodes, the elasticity of the head strap is also maintained, because
the conductive thread is disposed in sinuously curved, serpentine paths, i.e. in the typical
waveform manner imbued by sewing when the thread is conducted from one side of the
head strap to the other side and back again. With this sinuous arrangement, the slack

formed by transversely disposed portions of the conductive thread allows the longitudinal
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spacing between peaks and valleys of the sinuously curved thread to increase (up until the
point at which the conductive thread becomes essentially linear), i.e. by flattening the
height of the thread's waveform, thereby allowing a portion of the head strap 10 to be
lengthened without elastically deforming the conductive thread in a significant way, and
thus allowing the elastic head strap 10 to be stretched to accommodate the head of a
subject. Another way to put this is that the “wavelength” of the sinuously curved
conductive thread increases when the head strap 10 is stretched and then decreases when
the material in the head strap relaxes.

In an alternative embodiment, conductive threads can be sewn or otherwise
disposed on another substrate, such as on a ribbon of material, which is itself then sewn
or otherwise attached to the head strap 10. The conductive threads would in this case
diverge (exit) from the ribbon of material when their respective designated connection
point (an electrode or the wireless transmitter 300) is reached. Alternatively, a
conductive thread that comprises a nonconductive substrate with sufficient elasticity to
accommodate stretching of the head strap 10 can be used in the present device, either

with or without being sewn onto the head strap 10.

Docking Station

As shown in Figures 10-14, the present EEG device 1 preferably includes a
docking station 100 for retaining a wireless transmitter 300. The outer surface 137 of the
docking station 100 is attached at a lower or bottom end 114 to the sagittal strap portion
20 and/or to the coronal strap portion 18 of the head strap 10. The docking station 100 is
preferably attached to the head strap 10 at or near the point at which the head strap 10
contacts the crown of a subject's head, for reasons described further below.

The docking station 100 generally comprises a base or pedestal 110, a receptacle
130 for the wireless transmitter 300, and an electrical connector 250 for providing
electrical communication between the wireless transmitter 300 and wires which connect
to the electrodes 70 of the head strap 10. The receptacle 130 and its interior portion 135
can comprise any of a number of configurations capable of retaining the wireless

transmitter 300 when it is placed in the interior portion 135 of the receptacle 130. In the
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embodiment shown in Figures 10-14, the receptacle comprises a generally rectangular
interior space formed by a lower surface 134 of the receptacle 130 and the inner surface
133 of the side walls 136 of the receptacle 130, and is thus configured to retain a
generally rectangular transmitter 300. In this embodiment, the wireless transmitter can be
retained by a friction fit with the inner surface 133 of the side walls 136 of the receptacle
130, but other retaining means such as clips, straps, ties, or other fasteners known to the
art can also be used. A cover (not shown) placed over the wireless transmitter 300 and/or
over the upper surface 132 of the receptacle 130 can also optionally be provided in order
to protect and/or to help retain the wireless transmitter 300 within the receptacle 130.

The cover could be secured to or integrally molded with the side walls 136, or could be
reversibly secured to the receptacle 130, such as with hook and loop fasteners.

The docking station 100 further includes one or more openings 150 for receiving
wired connections. In the embodiment shown in Figures 11-14, the electrical connector
250 and a plurality of wires 200 in electrical communication with the plurality of
electrodes 70 of the present device 1 are placed in communication with the interior 135 of
the receptacle 135 through an opening 152 in the rear face of the docking station 100.
When the present device is in use, the wireless transmitter 300 is connected to the
electrodes 70 by means of a reversible connection with the electrical connector 250. The
electrical connector can be, for example, a jack such as a 10 pin connector having a distal
receiving end 251 in communication with the interior of the receptacle 130. The
transmitter 300 is provided with a mating electrical connector, for example a plug (210,
shown in Figure 17).

Each of the wires 200 (which can be conductive threads) connected to respective
electrodes 70 connect at the proximal end 253 of the electrical connector 250. Preferably,
the wires or conductive threads are protected by a covering, such as a wrapped or molded
plastic layer when they extend away from the head strap 10 to the electrical connector
250.

A second opening 151 is also preferably provided at the front end of the docking
station 100 to allow wired access to a second connector (212, Figure 18) on the wireless
transmitter 300 while it is retained within the receptacle 130. The second connector 212

is preferably an 8 pin port to allow charging of the transmitter 300 while it is retained in
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the docking station 100. Alternatively or in addition, the second connector can be used to
communicate with the transmitter 300 and program the transmitter’s firmware, for
example.

For hygienic purposes, the portions of the present system with which a subject
might come into contact, namely the docking station 100 and head strap 10, are
preferably made from relatively low-cost materials that can be disposed of after use. The
docking station 100, for example, can be formed from an expanded, rubberized polymer
foam material such as ethylene-vinyl acetate (EVA), expanded polyethylene foam, or
expanded polypropylene foam. The use of a foam material also provides the advantages
of being light as well as being soft and therefore more comfortable when worn by a
patient. Foam materials also provide shock resistance and thus better protect the
transmitter 300.

In addition, the material used to form at least the base 110 of the device, and
preferably also the receptacle 130, is preferably transparent to X-rays such that the
material absorbs, scatters and/or reflects less than 20% of the X-ray radiation it receives,
more preferably less than 10% of such radiation, and even more preferably less than 1%.
When the base 110 of the docking station 100 is placed at the crown of a subject's head
and is formed from a material which is substantially transparent to X-rays, a subject
wearing the head strap 10 and docking station 100 of the present EEG device 1 can be
placed within a CT scanner and receive a CT scan without needing to remove the present
EEG device. This is advantageous because an EEG may provide an indication that
further imaging (such as a CT scan) is needed, and in this case a subject can receive the
scan without having to remove the EEG device from the patient, so that the patient's brain
activity can continue to be monitored with the present device following the CT scan.
Alternatively, an X-ray image can be obtained while a subject is wearing the head strap
10 and docking station 100 of the present device 1.

In a particularly preferred embodiment, the base 110 is a pedestal having a
thickness greater than the walls of the receptacle 130 of the docking station 100. By
providing such a pedestal for the docking station 100, the wireless transmitter 300 is
retained further from the top of a subject's head, thereby reducing the possibility of

interference between the wireless transmitter 300 and a CT scanner during a CT scan of
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the subject. The pedestal can for example be between 6 millimeters and 3 centimeters in
thickness, but is preferably between 1.3 centimeters and 2.5 centimeters thick. In some
embodiments, the base 110 and receptacle 130 can be integrally formed, such as by

molding.

Wireless Transmitter

The wireless transmitter 300 that is retained by the docking station 100 is adapted
to facilitate both wireless and wired transmissions to a processing system. As shown in
Figure 15, the transmitter 300 has a top surface 201 with a user interface 202. In the
depicted embodiment, the user interface 202 includes a test input 204, a power indicator
206 and one or more electrode impedance indicators 208. The power indicator 206 is
adapted to indicate whether the transmitter is powered ON or OFF. In the depicted
example, the power indicator 206 is implemented as a light, as shown in Figure 16. In
this example, the light turns on when the transmitter 300 is powered ON.

As shown in Figures 15 and 16, the electrode impedance indicators 208 are
adapted to indicate to a user whether the impedance of a particular electrode 70 is above
some threshold level. Each indicator 208 is associated with a specific electrode 70 so the
user can identify which, if any, electrodes 70 are experiencing poor impedance. In the
depicted example, the electrode impedance indicators 208 are LED lights located relative
to one another so as to correlates to the relative position of the respective electrode 70 on
the subject’s head, and are disposed within a graphic image depicting a top plan view of a
subject’s head. These lights can glow one color (e.g., green) when impedance levels for a
respective electrode 70 is below a predefined threshold, and can glow a different color
(e.g., red) when the impedance level is above the predefined threshold. In some
embodiments, the predefined threshold is about 15 kilohms, so that an impedance level
below 15 kilohms will cause the indicator 208 to indicate the impedance is acceptable,
while an impedance above 15 kilohms will cause the indicator 208 to indicate the

impedance is not acceptable.
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The transmitter 300 includes an electrode interface 210 shown in Figure 17 for
facilitating electrical communication with each of the electrodes 70. In this manner
signals can be conveyed between (e.g., from) each electrode 70 and the transmitter 300.

The transmitter 300 can also include a remote device interface 212 shown in
Figure 18 and adapted to couple the transmitter 300 with a remote device through a wired
connection. In this manner, the transmitter 300 can be communicatively coupled via a
wired connection with one or more remote devices.

Figure 19 shows a block diagram of the transmitter 300 according to at least one
embodiment. The transmitter 300 includes a processing circuit 214 coupled to or placed
in electrical communication with a communications interface 216, a storage medium 218,
and a user interface 220.

The processing circuit 214 is adapted for processing, including the execution of
programming, which may be stored on the storage medium 218. Accordingly, the
processing circuit 214 is arranged to obtain, process and/or send data, control data access
and storage, issue commands, and control other desired operations. The processing
circuit 214 may include circuitry configured to implement desired programming provided
by appropriate media in at least one example. For example, the processing circuit 214
may be implemented as one or more processors, one or more controllers, and/or other
structure configured to execute executable programming. Examples of the processing
circuit 214 may include a general purpose processor, a digital signal processor (DSP), an
application specific integrated circuit (ASIC), a field programmable gate array (FPGA) or
other programmable logic component, discrete gate or transistor logic, discrete hardware
components, or any combination thereof designed to perform the functions described
herein. A general purpose processor may include a microprocessor, as well as any
conventional processor, controller, microcontroller, or state machine. The processing
circuit 214 may also be implemented as a combination of computing components, such as
a combination of a DSP and a microprocessor, a number of microprocessors, one or more
microprocessors in conjunction with a DSP core, an ASIC and a microprocessor, or any
other number of varying configurations. These examples of the processing circuit 214
are for illustration and other suitable configurations within the scope of the present

disclosure are also contemplated.
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According to one or more aspects of the present disclosure, the processing circuit
214 may be adapted to perform (in conjunction with the storage medium 218) any or all
of the processes, functions, steps and/or routines described herein for the transmitter 300.

The communications interface 216 is configured to implement wireless and/or
wired communications of the transmitter 300. For example, in some embodiments, the
communications interface 216 can be configured to communicate information bi-
directionally with respect to one or more other devices (e.g., another processing system).
The communications interface 216 can be coupled with an antenna (not shown) and can
include wireless transceiver circuitry for wireless communications with wireless devices.
In some embodiments, the wireless transceiver circuitry is configured to facilitate
Bluetooth communications. In other embodiments, the wireless transceiver circuitry can
be configured to facilitate other wireless communications, such as WiFi, Zigbee, Wireless
USB, or other wireless wide area network (WW AN) standards, wireless local area
network (WLAN) standards, and/or wireless personal area network (WPAN) standards.
The communications interface 216 can also include a network interface (e.g., a network
interface card (NIC)) for the electrode interface 210 shown in Figure 17 and the remote
device interface 212 shown in Figure 18. The network interface may be implemented as
a serial or parallel connection, a USB port, a Firewire interface, a flash memory interface,
a floppy disk drive, or any other suitable arrangement for communicating with respect to
public (e.g., Internet) and/or private networks or other wired arrangements.

The storage medium 218 may represent one or more computer-readable, machine-
readable, and/or processor-readable devices for storing programming, such as processor
executable code or instructions (e.g., software, firmware), electronic data, databases, or
other digital information. The storage medium 218 may also be used for storing data that
is manipulated by the processing circuit 214 when executing programming. The storage
medium 218 may be any available media that can be accessed by a general purpose or
special purpose processor, including portable or fixed storage devices, optical storage
devices, and various other mediums capable of storing, containing or carrying
programming. By way of example and not limitation, the storage medium 218 may
include a computer-readable, machine-readable, and/or processor-readable storage

medium such as a magnetic storage device (e.g., hard disk, floppy disk, magnetic strip),
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an optical storage medium (e.g., compact disk (CD), digital versatile disk (DVD)), a
smart card, a flash memory device (e.g., card, stick, key drive), random access memory
(RAM), read only memory (ROM), programmable ROM (PROM), erasable PROM
(EPROM), electrically erasable PROM (EEPROM), a register, a removable disk, and/or
other mediums for storing programming, as well as any combination thereof.

The storage medium 218 may be coupled to the processing circuit 214 such that
the processing circuit 214 can read information from, and write information to, the
storage medium 218. That is, the storage medium 218 can be coupled to the processing
circuit 214 so that the storage medium 218 is at least accessible by the processing circuit
214, including examples where the storage medium 218 is integral to the processing
circuit 214 and/or examples where the storage medium 218 is separate from the
processing circuit 214 (e.g., resident in the transmitter 300, external to the transmitter
300, distributed across multiple entities).

As noted above, the user interface 202 includes the test input 204, the power
indicator 206 and one or more electrode impedance indicators 208 shown in Figure 15.
Although the embodiment in Figure 15 employs LEDs for the power indicator 206 and
the electrode impedance indicators 208, other indicators may be employed. For example,
the electrode impedance indicators 208 may include any display capable of visually
indicating to a user that an impedance value is above some predetermined threshold, such
as a spectrum display showing relative impedance values, an LED or LCD screen, etc.

In some embodiments, the user interface 202 may include an audio impedance
indicator adapted to provide an audio indication (e.g., a buzzing sound, a beeping sound,
etc.) when an impedance value for one or more electrodes is above the predetermined
threshold. For example, the user interface 202 may include an audio transducer coupled
with the processing circuit 214. The processing circuit 214 can cause the audio
transducer to generate an audible noise when an impedance value of one or more
electrodes is above the predetermined threshold. The audible noise can aid in drawing a
user’s attention to the occurrence of unacceptably high impedance in one or more
electrodes, and the electrode impedance indicators 208 can identify to the user which

electrode(s) are exhibiting the high impedance.
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Turning to Figure 20, a more detailed block diagram is shown according to at
least one embodiment of the transmitter 300. As shown, the processing circuit 214 may
include an impedance excitation module 222, a plurality of preamps 224, a signal
conditioning multiplexer 226, and a data acquisition controller and analog-to-digital
converter (ADC) 228. In at least one embodiment, the processing circuit 214 can be
implemented with an integrated circuit chip, such as one of the integrated circuits sold
under the names ADS1294R, ADS1296R, or ADS1298R by TEXAS INSTRUMENTS.
These integrated circuits include multichannel, simultaneous sampling, 24-bit delta-sigma
analog-to-digital converters (ADCs) with built-in programmable gain amplifiers (PGAs),
internal reference, and an onboard oscillator commonly employed in medical
electrocardiogram (ECG) and electroencephalogram (EEG) applications. In other
embodiments, one or more of the forgoing modules and elements may be implemented as
separate and individual circuits and/or modules.

In operation, the transmitter 300 receives respective electrical signals from a
plurality of electrodes 70 (e.g., eight in Figure 20) via the electrode interface 210 of the
communications interface 216. These received signals represent the electrical signals
each electrode 70 received from the subject’s brain, and may be referred to as brain
signals. These signals are amplified at a preamp 224, and the amplified signals can be
converted from analog to digital signals in the analog-to-digital converter 228.

The digital signals for each electrode signal can be transmitted to a remote device
232 through the wireless transceiver 230. In some embodiments, the digital signals are
transmitted by means of a Bluetooth transmission. In other embodiments, the digital
signals are transmitted by means of a wired connection, such as a cable coupled to the
remote device interface 212 and also coupled to the remote device 232.

The transmitter 300 also measures an impedance for each electrode 70. The
impedance measurements can be used to determine whether the electrodes 70 are
properly coupled to the subject’s head and/or are functioning properly. A high
impedance may indicate that the electrode 70 is not sufficiently coupled to the subject’s
head, that the electrode 70 is not functioning well or properly, or that the electrode 70 is
defective for some reason. For instance, a needle, disc or cup electrode that has come

loose from the subject’s scalp will exhibit relatively high impedance. Similarly, if the
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conductive liquid, hydrogel or solid gel of a wet electrode has dried out, the electrode
will typically exhibit relatively high impedance. Furthermore, an electrode that is
coupled to a broken or otherwise defective conductive thread may exhibit relatively high
impedance.

To obtain the impedance measurements, the impedance excitation module 222
can inject a DC or AC current into each of the electrodes 70. The processing circuit 214
can then measure the voltage generated for each electrode 70 from the injected current to
determine an impedance value with respect to the reference signal. The processing
circuit 214 can then determine whether each respective impedance value is above or
below a predefined threshold. In at least some embodiments, the impedance
measurements can be obtained at least substantially simultaneously with receiving the
electrical signals each electrode 70 receives from the subject’s brain.

According to at least one aspect, the transmitter 300 can visually display via an
electrode impedance indicator 208 whether the impedance associated with each electrode
is above or below a predetermined threshold. For instance, the processing circuit 214 can
cause a respective impedance test LED in the user interface 202 to indicate that the
impedance for the particular electrode 70 is within an allowable range (e.g., below 15
kilohms) or outside of an allowable range (e.g., above 15 kilohms).

According to at least one aspect, the transmitter 300 can wirelessly transmit the
measured impedance values associated with each electrode 70 via the wireless transceiver
230. These measured impedance values can be sent at least substantially simultaneously
with the signals from each electrode 70 obtained from the subject’s brain. For Bluetooth
transmissions, the wireless signals are transmitted in a 2.4 gigahertz frequency (e.g., 2.4-
2.48 gigahertz). When the wireless transceiver 230 transmits the brain signals from each
electrode 70 using Bluetooth transmissions (e.g., over various channels in the range of
2.4 gigahertz to 2.48 gigahertz), the measured impedance values for each electrode 70
can be transmitted at least substantially simultaneously as a 62.5 hertz waveform on top
of the Bluetooth signal. In at least some instances, the amplitude of the 62.5 hertz
waveform can be roughly inversely proportional to the impedance value. In some
embodiments, the wireless transmission of the measured impedance values can be turned

on or off at the transmitter by a user.

-24 -



WO 2014/062738 PCT/US2013/065138

The remote device 232 can receive the transmission including the two data
streams and can filter out the measured impedance values from the brain signals for
processing each of the signals independently.

As aresult of the transmitter 300 measuring the impedance at least substantially
continuously, the transmitter 300 and/or the remote device 232 can employ the
impedance measurements for conditioning the signals before the signals are processed.
For example, the transmitter 300 and/or the remote device 232 can employ the impedance
values associated with a respective electrode to boost (e.g., amplify) the electrical signals
received from the respective electrode.

As shown in Figure 21, the transmitter 300 can be employed in a variety of
different network environments. Generally speaking, the transmitter 300 can convey the
electrical brain signals and respective impedance values from each electrode to a remote
device. In various examples, the transmitter 300 can convey such information wirelessly
via a wireless wide area network (WWAN), a wireless local area network (WLAN),
and/or a wireless personal area network (WPAN). In at least some embodiments, the
transmitter 300 communicates with the remote device 232 via a WPAN employing
Bluetooth communication standards. In other embodiments, the transmitter 300
communicates with the remote device 232 via a wired network, such as a direct cable
coupled between the transmitter 300 and the remote device 232.

As illustrated in Figure 21, the transmitter 300 can, for example, transmit signals
via a Bluetooth signal 231 or other short-range communication standard to a remote
device 232 such as a smartphone 241, a tablet computer 242, a laptop computer, an
existing EEG acquisition device 243, or a vital-sign monitor 244. The remote device 232
can be configured to process the received signals and generate one or more visual outputs
for a user to evaluate. Alternatively, the transmitter 300 can be connected by a wired
(cable) connection to another device.

In some instances, the remote device 232 can further convey the received
information and/or additional information determined from the received information to
one or more other devices and/or displays 234. The remote device 232 may convey the
received and/or additional information via a wide area network (WAN), a local area

network (LAN), a personal area network (PAN), including one or more combinations
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thereof. Such networks may include wireless and/or wired networks. Figure 21 shows
some non-limiting examples including via a cloud network 251, a dedicated network 252,
a hospital network 253 and/or a monitoring system network 254.

The one or more other devices and/or displays 234 can include additional
processing systems similar to the remote devices 232, as well as displays. Some non-
limiting examples include a computer 261 (e.g., laptop, desktop, tablet, etc.), a nurses
station ICU monitoring system 262, an EEG review station 263, and a generic display
264. Although specific combinations are depicted in Figure 21, it will be apparent that
other combinations of the depicted examples, as well as combinations including different
networks and/or devices are also possible.

Although the various examples refer to transmissions sent by the transmitter 300,
the transmitter 300 can also be adapted to receive communications via a wireless or wired
network. For example, the transmitter 300 may receive communications from a remote
device 232 via a WPAN employing Bluetooth communication standards and/or via a
wired network. Such communications can, for example, enable the transmitter 300 to be
remotely controlled. For instance, a remote device 232 may enable or disable the
impedance measurement operations of the transmitter 300 and/or modify one or more

operating parameters including gain, initiation of a memory dump, or powering down.

Simplified EEG Interface

In order to detect medical conditions with an EEG, waveforms which have
relatively uniform morphology and duration are detected, and the interval between
consecutive waveforms is determined. In particular, waveforms which occur at regular
intervals can be indicative of a condition in need of treatment. Waveforms being
detected are preferably consistent and of greater amplitude than other waves, with the
amplitude being relatively consistent. A range of the ratio of the amplitude of the wave
to the amplitude of the interval (Amp W/Amp I) can be used to define particular
waveforms of interest, with a relative standard deviation measure of this ratio being used

to determine the consistency of the waveform.
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EEG’s are typically displayed as a graph comprising a series of lines showing
waves of varying amplitude and wavelength in linear form, with each line corresponding
to a signal received from an electrode of an EEG device. In order to interpret whether
such waveform patterns present an indication of a brain injury or other medical condition,
they must be evaluated by a trained technician or expert.

The present system preferably comprises a simplified user interface 400 for
evaluating EEG readings. This interface provides rapid, accurate and more easily
interpreted information to a medic or other user of the present system regarding the
nature and severity of any EEG abnormalities measured by the present system, thereby
reducing the need to analyze more complex waveform patterns displayed in typical EEG
readings and increasing medical response times. In addition, the present interface 400
can display brain wave pattern information in a dynamic format, providing continuous
EEG monitoring data during transport of a subject and during therapeutic interventions.

In order to create such a simplified interface, EEG data from electrodes measuring
data from each hemisphere of a subject’s brain is first analyzed separately, such as by a
microprocessor, in predetermined time segments, in order to determine whether
predetermined waveform patterns are present in each time segment. Such predetermined
segments preferably range between 5 seconds and 20 seconds, and are advantageously 10
seconds in length. Waveform patterns are preferably analyzed to determine whether they
correspond to patterns associated with clinically significant, moderate to severe, acute or
progressive brain damage. These patterns, which are known to those skilled in the art,
include suppression, slowing, burst-suppression, inter-hemisphere asymmetry, periodic
epileptiform discharges (PEDS), and seizure. Algorithms for determining these
waveform patterns are likewise known [see, e.g., Claasen, J, et al., “Quantitative
Continuous EEG for detecting delayed cerebral ischemia in patients with poor grade
subarachnoid hemorrhage,” Clinical Neurophysiology, 2004, 115:2699-2710; Steward
CP, et al., Seizure identification in the ICU using quantitative EEG displays,” Neurology,
2010, 75:1501-1506; Zandi AS, et al., “Automated real-time epileptic seizure detection in
scalp EEG recordings using an algorithm based on wavelet packet transform,” IEEE

Trans Biomed Eng., 2010, 57(7):1639-1651; White, AM, et al., “Efficient unsupervised
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algorithms for the detection of seizures in continuous EEG recordings from rats after
brain injury,” Journal of Neuroscience Methods, 2006, 152:255-266].

When data from a particular time segment is found to match the pattern for one of
the predetermined waveform patterns, it is displayed using an indicator from a
predetermined set of visually distinguishable indicia, for example visually distinguishable
colors, patterns, shadings, and/or other visual referents. In one embodiment, the
simplified interface displays a predetermined color to indicate a waveform pattern. For
example, a waveform pattern indicative of a seizure might be displayed with the color red
(as indicated with white bars 402 in Figure 24), while waveform patterns in a normal
range might be displayed in blue (indicated in Figure 24 with bars 404 having parallel
lines). The graphical form of the indicia associated with such displayed color can take
any of a number of forms. In the form shown in Figures 24 and 25, the colored indicia
are displayed as vertical bars 410 which are set out horizontally in temporal order to form
indicia sets 401. As can be seen in Figure 24, the indicator is displayed as a single bar
when a single time segment corresponds to the predetermined wave pattern, as shown by
the blue bar 405 in Figure 24. When multiple time segments correspond to the same
wave pattern, they can be indicated as a series of separate indicia, but in a preferred
embodiment are indicated as a continuous band of colored indicia having a length equal
to the sum of the number of indicia that correspond to the wave pattern, as with the
plurality of indicia indicated by the horizontal band 405 in Figure 24, made up of a
plurality of vertical bars 410. Separate indicia sets 401 are displayed for the right and left
hemispheres of a subject’s brain, shown as left hemisphere indicia set 412 and right
hemisphere indicia set 414 in Figure 24.

The present interface 400 preferably shows a moving display of brain wave
patterns over time as in the display of Figure 24. A vertical time bar 420 preferably
tracks the time point (in real time or recorded time) at which a brain wave pattern has
been detected. The time bar preferably tracks both hemispheres of a subject’s brain
together in parallel, i.e. with the time bar 420 intersecting the indicia for a predetermined
point of time for the subject’s right hemisphere and also intersecting the indicia for the
same point of time for the subject’s left hemisphere. An indicator of actual or elapsed

testing time 416 can be included in parallel with the indicia sets 400. In order to review
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the progress of an EEG, the portion of the analyzed EEG indicia sets 401 viewable in the
interface window can be manipulated, such as with scrolling bar 430. Scrolling through
the indicia sets in this way can assist a technician or other expert viewing the EEG to
identify trends quickly.

As shown in Figure 22, the present interface further preferably comprises a
simplified user interface comprising a graphic 450 having two distinct, predetermined
portions or display areas, preferably a right half 454 and left half 452. In Figure 22 the
graphic 450 is in the form of a top plan view of a head and the right and left hemispheres
of a brain in stylized form. The display areas 455 display the color of the indicia
corresponding to a particular time segment of the EEG, such as the segment represented
by the “blue” bar 410 in Figure 24. As shown in Figure 24, during the time segment
corresponding to the bar 410, the subject’s left hemisphere is experiencing a wave pattern
indicated by the color blue, while the subject’s right hemisphere is experiencing a pattern
indicated with the color red (bar 402). When the graphic 450 is used with the indicia sets
401, when the time bar 420 is at the time segment of bar 410, the graphic 450 is likewise
colored to indicate that the subject’s left hemisphere is experiencing a brain wave pattern
indicated by the color blue while the subject’s right hemisphere is experiencing a pattern
indicated by the color red. It has been found that displaying wave pattern information
with both the temporally displayed indicia sets 401 and the graphical representation 450
facilitates a more rapid and accurate determination of the status of a subject’s brain.

In a preferred embodiment, as shown in Figure 23, the interface 400 can also
include an electrode status display with a continuous or periodically updated indicator of
the integrity of each electrode. Like the graphic 450, the electrode status display 460
preferably has two distinct portions or display areas, such as a right half 464 and left half
462, which are also likewise in the form of the outline of the top of a human head. The
appearance of a graphic or other indicia 465 corresponding to a particular electrode of the
associated EEG device can indicate a rising impedance or disconnection of that electrode,
and thereby inform a technician obtaining the EEG that the electrode needs to be
reattached or replaced.

A preferred embodiment of the present interface is shown in Figure 25. In this

embodiment the interface includes a real-time, continuously running, and color-coded
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landscape view of the EEG analysis in the form of the indicia sets 401 at the top of the
screen. Below the landscape view are two schematized head views 450 and 460 (as seen
from the vertex divided into left and right hemispheres), with the hemispheres of the
graphic 450 filled in with colors corresponding to the specific abnormal patterns detected
over time and the graphic 460 displaying no indicia (indicating that all electrodes of the
EEG device are functioning). The right head view 460 displays the presence of excessive

60 Hz or baseline sway artifacts from recording electrodes.

Methods of Use

The present device has applications in any of a number of emergency situations,
but particularly those that are currently underserved due to the difficulty of setting up
EEG electrodes on a subject's scalp and the lack of availability of equipment adapted for
emergency environments. One such environment is the battlefield, where head trauma
and resulting brain injury are all too common. Traumatic brain injury may not be easily
detected early on, as mental status testing can be subjective and depend on the examiner
and the subject. Symptoms of brain injury can also resemble psychological reactions, so
signs of such injury may not be immediately detectable in the absence of EEG. If
undetected and left untreated, such injuries may progress to secondary brain injuries such
as traumatic cerebral contusions (TCC), intra-parenchymal hemorrhages (IPH), epidural
hematomas, acute subdural hematomas (SDH), secondary ischemic stroke, or seizures.
In non-military situations, the present EEG device has particular use in view of its ease of
set-up and use for evaluating hypothermia for post-cardiac arrest comatose survivors;
managing acute traumatic brain injury in hospital emergency departments; diagnosing
coma and seizures in emergency departments; treating status epilepticus in the field;
diagnosing acute sport concussions; monitoring hospital stroke and stroke-at-risk

patients; and neonatal ICU EEG monitoring.
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Examples

EEG with Copper Thread

Two individuals were fitted with the present device, one with a plastic disc
electrodes and the other with a subdermal needle electrodes. The electrodes of both
devices were connected to a wireless transmitter as described above with copper thread.
The devices produced high quality and stable EEG data from all electrodes without
artifacts. Impedances for both models were excellent, below 5-10 ohms, and were well-
balanced. Each device was tested for 10 continuous minutes of recording. The subjects

experienced no adverse effects.

Although the present invention has been described in considerable detail with
reference to certain preferred embodiments, other embodiments are possible. The steps
disclosed for the present methods, for example, are not intended to be limiting nor are
they intended to indicate that each step is necessarily essential to the method, but instead
are exemplary steps only. Therefore, the scope of the appended claims should not be
limited to the description of preferred embodiments contained in this disclosure.

Recitation of value ranges herein is merely intended to serve as a shorthand
method for referring individually to each separate value falling within the range. Unless
otherwise indicated herein, each individual value is incorporated into the specification as
if it were individually recited herein. All references cited herein are incorporated by

reference in their entirety.
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What is claimed is:

l. A wireless EEG device, comprising:
(a) a head strap for retaining a plurality of electrodes on the head of a subject, the
head strap comprising at least a sagittal strap portion;
(b) a docking station attached to the sagittal strap portion at the crown of the
subject’s head, the docking station comprising:
a base formed from a material which is transparent to X-rays; and
a receptacle supported by the base; and
(c) a wireless transmitter in electrical communication with the plurality of
electrodes for transmitting an electrical signal received by the electrodes from the
subject's brain, wherein the wireless transmitter is securely retained within the receptacle

of the docking station.

2. The wireless EEG device of claim 1, wherein the base is formed from a foam
material having a thickness of at least 1.3 centimeters, preferably of between 2.5 and 6

centimeters.

3. The wireless EEG device of claim 1, wherein the base and the receptacle are

integrally formed.

4. The wireless EEG device of claim 1, wherein the base and the receptacle are
formed from a material that absorbs, scatters and/or reflects less than 20% of X-ray
radiation received by the base and the receptacle, more preferably less than 10%, and

even more preferably less than 1%.
5. The wireless EEG device of claim 1, wherein non-ferromagnetic electrically

conductive thread is used to place the plurality of electrodes in electrical communication

with the wireless transmitter.
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6. The wireless EEG device of claim 1, wherein the electrodes are selected from the

group consisting of a needle electrode, a disc electrode, and a cup electrode.

7. The wireless EEG device of claim 1, further comprising a cover placed over the

wireless transmitter.

8. Use of the wireless EEG device of any of claims 1 to 7 to perform EEG.

9. Use according to claim 8, wherein a CT scan or X-ray image is further obtained.

10. An EEG device, comprising:

(a) a head strap formed from an elastic material, the head strap comprising a
plurality of head strap portions which extend across a plurality of EEG electrode
positions on the head of a subject, the electrode positions being selected from the group
consisting of Fpl, Fp2, F7, F3, Fz, F4, F§, Al, T3, Cz, C3, C4, T4, A2, TS, P3, Pz, P4,
T6, O1, and O2;

(b) a plurality of electrodes attached to the head strap at the plurality of EEG
electrode positions;

(c) a plurality of non-ferromagnetic electrically conductive threads, each
conductive thread being in electrical communication at a first end with one of the
plurality of electrodes and at a second end with an electrical connector , wherein the
conductive thread is secured to the head strap by passing the conductive thread from an
upper surface of the head strap to a lower surface and then from the lower surface to the
upper surface in a repetitive manner along a longitudinal extent, thereby disposing the

conductive thread in a sinuously curved manner along the extent of the head strap.

11. The EEG device of claim 10, wherein the conductive threads comprise copper or

silver.
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12. The EEG device of claim 10, wherein the conductive threads each have a
diameter of between 0.5 millimeters (mm ) and 5 mm, preferably between 2 mm and 4

mim.

13. The EEG device of claim 10, wherein at least a portion of one or more of the
conductive threads is disposed in stitches having a length of between 0.5 mm and 10 mm,
more preferably between 1 mm and 5 mm, and even more preferably between 2.5 mm

and 3.5 mm.

14. The EEG device of claim 10, wherein the conductive threads each are surrounded

by an electrically insulating material.

15. The EEG device of claim 10, wherein the electrical connector is in electrical

communication with a transmitter.

16. Use of the EEG device of any of claims 10 to 15 to perform EEG.

17. A transmitter adapted for use with an EEG device, comprising:
(a) a communications interface comprising an electrode interface
communicatively coupled to a plurality of electrodes;
(b) a user interface including at least one electrode impedance indicator; and
(c) a processing circuit coupled with the communications interface and the user
interface, the processing circuit adapted to:
receive a respective electrical signal from each of the plurality of
electrodes;
measure an impedance associated with each electrode of the plurality of
electrodes; and
visually display via the at least one electrode impedance indicator whether
the impedance associated with each electrode is above or below a predetermined

threshold.
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18. The transmitter of claim 17, wherein the communications interface further
comprises a wireless transceiver, and wherein the processing circuit is further adapted to
simultaneously transmit via the wireless transceiver the impedance associated with each

electrode and an electrical signal received by each electrode from a subject’s brain.

19. A transmitter adapted for use with an EEG device, comprising:
(a) a communications interface comprising:
a wireless transceiver; and
an electrode interface communicatively coupled to a plurality of electrodes; and
(b) a processing circuit coupled with the communications interface and the user
interface, the processing circuit adapted to:
measure an impedance associated with each electrode of the plurality of
electrodes;
receive via the electrode interface a respective electrical signal by each
electrode from a subject’s brain; and
simultaneously transmit via the wireless transceiver the measured
impedance associated with each electrode and the respective electrical signal by

each electrode from a subject’s brain.

20. A method of evaluating brain activity of a subject with an EEG, comprising:

obtaining an EEG from the subject, the EEG comprising waveforms generated by
electrical activity within each of the two hemispheres of the brain of the subject, wherein
the waveforms occur in predetermined patterns;

displaying the waveform patterns of the subject’s brain as visually distinguishable
indicia in temporal order and in a linear fashion, thereby forming a temporal waveform
record in graphical form, the waveform patterns for each hemisphere of the subject’s
brain being displayed separately, wherein a predetermined indicia indicates a
predetermined waveform pattern;

displaying a time indicator in the temporal waveform record, the time indicator

designating a time point in the temporal waveform record; and
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displaying a graphical image having two adjacent predetermined display areas,
wherein the indicia displayed in each display area corresponds to the indicia in the
temporal waveform record for a respective hemisphere of the subject’s brain at the point

in the temporal waveform record where the time indicator is displayed.

21. The method of claim 20, wherein the indicia comprises a color.

22. The method of claim 20, wherein EEG data from the EEG is processed in
predetermined time segments, the time segments preferably being between 5 seconds and

20 seconds in length, and advantageously being 10 seconds in length.
23. The method of claim 20, wherein the waveform patterns include patterns selected
from the group consisting of suppression, slowing, burst-suppression, inter-hemisphere

asymmetry, periodic epileptiform discharge, and seizure.

24. The method of claim 20, wherein waveform patterns of both hemispheres of the

subject’s brain are displayed together in parallel.

-36 -



WO 2014/062738

1/26

Figure 1

3({'{1

100

PCT/US2013/065138




WO 2014/062738 PCT/US2013/065138

14



PCT/US2013/065138

18 10

3/26
Figure 3

WO 2014/062738

20

15

ROj
21



WO 2014/062738 PCT/US2013/065138




WO 2014/062738 PCT/US2013/065138

10

LAT 13 12 RAT




WO 2014/062738 PCT/US2013/065138

6/26

Figure 6

1 t’i% |
Nasion 7 e T O,



WO 2014/062738 PCT/US2013/065138

7/26

Figure 7




WO 2014/062738 PCT/US2013/065138

8/26
Figure 8

ST T

Front



WO 2014/062738 PCT/US2013/065138

9/26

Figure 9




WO 2014/062738 PCT/US2013/065138

10/26

Figure 10

100

5

- v F 110
| s e

E

o

- 10

—HH.,_H

%t
e
]
=

Ty i



WO 2014/062738 PCT/US2013/065138

11/26

Figure 11

DAY
)

150




WO 2014/062738 PCT/US2013/065138

12/26
Figure 12

134

132

| — - s = 250
150 I

Tk -

133 | | A f AAAAAAAAAA AAAAA / / AAAAAAAAAAAAAAAAAAAAA __

200




WO 2014/062738 PCT/US2013/065138

13/26
Figure 13

100
S

oooo 130
gooono
135 ‘ I
l‘H\ - :
134 133
\
\ \
‘ 152 -
‘ 151
7 I
135

110 150



WO 2014/062738 PCT/US2013/065138

14/26
Figure 14




WO 2014/062738 PCT/US2013/065138

15/26

Figure 15

300 212
\ / 202
, /

= _—208

AN

[N

0@ 206

201
\ 204



WO 2014/062738 PCT/US2013/065138

16/26

Figure 16

212

300

- ——206

201

204

210



WO 2014/062738 PCT/US2013/065138

17/26

Figure 17




WO 2014/062738 PCT/US2013/065138

18/26

Figure 18

300




WO 2014/062738 PCT/US2013/065138

19/26

Figure 19
300
\ TRANSMITTER
214 218
N -
PROCESSING STORAGE
CIRCUIT MEDIUM
® \ 4
COMMUNICATIONS
INTERFACE USER INTERFACE
216 / \ 202




300

210

N

S EEG
Electrouies

REF

WO 2014/062738

20/26
Figure 20

204~

. 224 CIRCUIT
ohi

Push
Bulton

“TESYT [

mpedanue
Tesy LB

202 -7

222

seiation |

i U ok (7 0¥ 2 Ly (3

 Froamp

TORT LED

ROVR +
Anienn

PROCESSING

228 N

Dats

& ADC

Acqudsition |}
Lontradler |

Mgnal

>

Batterny

 Coralitioning
T Mulpleser

Valtage

Regulstor

Pro

Battery Charged

o R BN N B s

fection

¥
¥
]
Fuce v 1 0 6 0 20 P A s et

e s

iy

PCT/US2013/065138

232

Wirplesy

Program
¥

. data R B

s PWE se s

REMOTE
DEVICE




WO 2014/062738 PCT/US2013/065138

21/26
Figure 21

241

243
\ 253 . 263
N o2 \v

] T
\ ‘\J{\e) i — e
/’ o =

7’1 3

SUBSTITUTE SHEET (RULE 26)



WO 2014/062738 PCT/US2013/065138

22/26
Figure 22

454



WO 2014/062738 PCT/US2013/065138

23/26

Figure 23




PCT/US2013/065138

WO 2014/062738

24/26

0cy

N |
[ |

14374
Zviv0:0 o WN
ZLY 0

oLy

80:€0:0

oLy

oey

12:20:0

m om0

2 24nbi

¥£:10:0 v

-wmr 9
N T AN

1///

J
mmm
AN

o LOY

ﬂf/

00ty

D LK -



PCT/US2013/065138

WO 2014/062738

25/26

Gz 2dnb14

Emmmmm L

R AT AR AT IR

oy




WO 2014/062738 PCT/US2013/065138

26/26

Figure 26




International application No.

INTERNATIONAL SEARCH REPORT PCT/US 2013/065138

A. CLASSIFICATION OF SUBJECT MATTER AG61B 5/0476 (2006.01)

AG6I1B 5/0478 (2006.01)

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

A61B 5/0476, 5/0478

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

Patentscope, USPTO, Espacenet, DWPI, CIPO (Canada PO), SIPO, AIPN, DEPATISnet, NCBI (PubMed), VINITLRU,
SCSML.FSSI.RU

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
US 2012/0143020 A1 (BIO-SIGNAL GROUP CORP.) 07.06.2012,
X paragraphs [0014], [0018], [0036], [0055], [0063] - [0073], [0083], [0088] — 17-20, 23
[0090], [0129], [0139], [0142] - [0143], [0166], fig. 1, 3
Y 1-16, 21, 22,24
Y Elektroentsefalografy serii "Ekspert” ot Tredeks po vygodnoy tsene". 01.12.2010 1-9
[online] [retrieved on 13.01.2014] Retrieved from the
Internet:<URL:http://www.trimm.ru/spec/index.php?ELEMENT_ID=1643>
Y WO 2008/092098 A2 (LIFESYNC CORPORATION, A DELAWARE 1-9
CORPORATION) 31.07.2008, paragraphs [014], [020], [022]
Y US 6708051 B1 (COMPUMEDICS LIMITED) 16.03.2004, col. 4, Iines 6-8, col. 2, 5-6, 10-16
Tines 26-31, 38, col. 4, 8-10, 56
Y WO 1982/003977 Al (THE CHILDREN'S HOSPITAL MEDICAL CENTER) 21,24
25.11.1982, p. 40, lines 27-28, p. 54, line 30 - p. 55, line 31
D Further documents are listed in the continuation of Box C. D See patent family annex.
* Special categories of cited documents: “T” later document published after the international filing date or priority

“A”  document defining the general state of the art which is not considered
to be of particular relevance

“E”  earlier document but published on or after the international filing date

“L”  document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other

special reason (as specified)

“Q” document referring to an oral disclosure, use, exhibition or other
means
“P”  document published prior to the international filing date but later than

the priority date claimed

date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

“X”  document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

“Y”  document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&”  document member of the same patent family

Date of the actual completion of the international search

14 January 2014 (14.01.2014)

Date of mailing of the international search report

30 January 2014 (30.01.2014)

Namte and mailing address of the [SA/ FIPS
Russia, 123995, Moscow, G-50, G5P-5,
Berezhkovskaya nab., 30-1

Facsimile No., +7 (499) 243-33.37

Authorized officer
N. Epifantseva

Telephone No. (495)531-64-81

Form PCT/ISA/210 (second sheet) (July 2009)




THMBW(EF)

[ i (S RIR) A ()
e (S IR) A (%)

HAT R E (TR AGE)

FRI& B A

KRN

IPCHRS

CPCH%E=

L 5ER
HAh A TF 30k
ShEpEELE

E)

T4k e B
EP2906116A1 K (2E)R
EP2013847769 iR

JORDAN NEUROSCI

JORDANMZRIZ | INC.

JORDANMZRIZ | INC.

JORDAN KENNETH GEORGE
LOUBERT GARY
BAKKOM DAVID

JORDAN, KENNETH, GEORGE
LOUBERT, GARY
BAKKOM, DAVID

A61B5/0476 A61B5/0478 A61B5/00 A61B6/03

2015-08-19

2013-10-15

patsnap

A61B5/0478 A61B5/0006 A61B5/04012 A61B5/6803 A61B5/6843 A61B5/6844 A61B6/032 AG1B6

/4417 A61B6/501 A61B2562/17

61/713754 2012-10-15 US
EP2906116A4

Espacenet

—MATHITEEGHEE , QEBMLTF  BRNLTLRHHE. ERE
WRBE IR R BR B Fo L R B 2R 8 PS4 B 23 B S B S AR 9 S RO X 4R 9
BEDEE A ALAEAXTHNSELESBRHTHER, IEEET
ENECAF RE S T RORE BN,


https://share-analytics.zhihuiya.com/view/5d66886c-9168-4774-9000-8df7c4edf375
https://worldwide.espacenet.com/patent/search/family/050488717/publication/EP2906116A1?q=EP2906116A1

